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Abstract Guadiamar River is located in the southwest of the
Iberian Peninsula and connects two protected areas in the
South of Spain: Sierra Morena and Doñana National Park. It
is sited in an area affected by urban, industrial and agriculture
sewage pollution and with tradition on intensive mining activ-
ities. Most of the studies performed in this area have been
mainly focused on the presence of heavy metals and, until
now, little is known about the occurrence of other contami-
nants such as emerging organic pollutants (EOPs). In this
work, an analytical method has been optimized and validated
for monitoring of forty-seven EOPs in surface water. The an-
alytical method has been applied to study the distribution and
environmental risk of these pollutants in Guadiamar River
basin. The analytical method was based on solid-phase extrac-
tion and determination by liquid chromatography-triple quad-
rupole–tandem mass spectrometry. The 60 % of the target
compounds were found in the analyzed samples. The highest
concentrations were found for two plasticizers (bisphenol A
and di(2-ethyhexyl)phthalate, mean concentration up to 930
ng/L) and two pharmaceutical compounds (caffeine (up to 623
ng/L) and salicylic acid (up to 318 ng/L)). This study allowed
to evaluate the potential sources (industrial or urban) of the
studied compounds and the spatial distribution of their con-
centrations along the river. Environmental risk assessment

showed a major risk on the south of the river, mainly due to
discharges of wastewater effluents.

Keywords Emerging organic pollutant . Surface water .

Determination . Ecotoxicological risk

Introduction

Domestic and industrial activities are often the main sources
of pollutants into the aquatic environment. Pesticides, polycy-
clic aromatic hydrocarbons and polychlorinated biphenyls are
some examples of classic organic pollutants frequently detect-
ed and monitored in aquatic systems (Oliveira et al. 2011;
Pitarch et al. 2016). However, the increasing production and
usage of new products, as plastic and textile materials, fra-
grances, deodorants and other personal care products, non-
stick cookware, etc. has resulted in continuous discharges of
hundreds of new chemical pollutants to the aquatic environ-
ment. Some emerging organic pollutants (EOPs), for example,
pharmaceutically active compounds (Camacho-Muñoz et al.
2010; Martín et al. 2011), personal care products (Terasaki
et al. 2009), plasticizers (Staniszewska et al. 2016), brominat-
ed flame retardants (Vorkamp et al. 2014), perfluorinated com-
pounds (Arvaniti and Stasinakis 2015) and surfactants
(Corada-Fernández et al. 2011; Jurado et al. 2012) among
others, have been found in wastewater (Arvaniti and
Stasinakis 2015; Santos et al. 2009), surface water (SW)
(Haman et al. 2015; Meffe and Bustamante 2014; Tijani
et al. 2016) or sediments (Camacho-Muñoz et al. 2010) at
concentrations from ng to hundreds of micrograms per litre.

Concern for some of these pollutants led to the European
Union to increase the list of 33 priority pollutants included in
the Decision 2455/2001/EC (EC 2001) to 45 compounds
(Directive 2013/39/EU, EC 2013) and to set limit values for
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their concentrations in SW. Among the organic compounds
added to the list of priority substances are biocides,
perfluorinated compounds (PFCs) (perfluorooctane sulfonic
acid (PFOS) and its derivatives) and brominated flame retar-
dants (hexabromocyclododecane (HBCDD)). The first
Bwatch list^ of substances for European Union monitoring
in the field of water policy was published in 2015 (EU
Decision 2015/495) (EC 2015). This first "watch list" includes
the pharmaceutical compound diclofenac and the hormones
17α-ethinylestradiol, 17β-estradiol and estrone.

However, despite the efforts of most of the international
organizations in the field of water policy, such as the World
Health Organization, the United States Environmental
Protection Agency and the European Commission, many or-
ganic pollutants reaching the aquatic environment are not
properly regulated. The main problems for the inclusion of
these EOPs in the list of priority pollutants are the lack of
information about their sources, occurrence, distribution and
potential environmental risks and the lack of reliable analyti-
cal methodologies for their adequate determination.

The Guadiamar River is one of the major tributaries of the
final stretch of Guadalquivir River (South of Spain). It con-
nects two protected areas: Sierra Morena and Doñana
National Park (declared a Biosphere Reserve and Human
Heritage site by UNESCO in 1994).

Guadiamar River is affected by urban (in the lower reaches
of the river), agriculture (mainly from its affluent streams
Ardachón and Alcarayón) and industrial sewage pollution
(in its North area). In fact, mining activities, sited in its
North area, have traditionally been its main source of contam-
ination. As a result, most of the pollution studies performed in
Guadiamar River have mainly been focused on the presence
of heavy metals, especially in soils and sediments. However,
little is known about the concentrations and patterns of other
contaminants such as EOPs.

The aims of this work were (i) to select a list of the most
problematic EOPs in SWaccording to their persistence on the
environment, toxicity and concentrations and frequency of
detection in SW, (ii) to develop and validate an analytical
method for the determination of the selected compounds,
(iii) to obtain a comprehensive overview of the river water
quality related to the presence of these pollutants through the
study of their potential sources, their occurrence and spatial
distribution in SW and their potential ecotoxicological risks.

Experimental

Selection of analytes

The selection of the target pollutants was carried out taking
into account their persistence on the environment (Jurado et al.
2012; Meffe and Bustamante 2014; Tijani et al. 2016;

Zareitalabad et al. 2013; Vorkamp et al. 2014), toxicity
(Hernando et al. 2006; Terasaki et al., 2009; Yamamoto
et al. 2011; Campo et al., 2015), concentrations and frequency
of detection in SW (Arvaniti and Stasinakis, 2015; Camacho-
Muñoz et al. 2010; Campo et al. 2015; Corada-Fernández
et al. 2015; Haman et al. 2015; Jurado et al. 2012; Peng
et al., 2008; Tijani et al. 2016; Vorkamp et al. 2014;
Zolfaghari et al. 2014) as well as the recent legal requirements
in the field of water policy (EC 2013; EC 2015). According to
these criteria, several families of organic pollutants, with ur-
ban, rural and industrial use, were selected (Table 1). These
compounds were classified as (i) pharmaceutically active
compounds for human use (acetaminophen, diclofenac, ibu-
profen, ketoprofen, naproxen, salicylic acid, sulfamethoxa-
zole, trimethoprim, carbamazepine, atenolol, propranolol, caf-
feine, clofibric acid, bezafibrate, gemfibrozil), (ii) pharmaceu-
tically active compounds for veterinary use (sulfadiazine, sul-
famethazine, oxytetracycline, norfloxacin, ofloxacin, cipro-
floxacin, tetracycline, doxycycline, chlortetracycline) and
(iii) hormones (17α-ethinylestradiol, 17ß-estradiol, estriol, es-
trone) and industrial pollutants including the surfactants linear
alkylbenzene sulfonates (LAS C10, LAS C11, LAS C12 and
LAS C13), nonylphenol ethoxylates (NPE) (monoethoxylate
(NP1EO), diethoxylate (NP2EO) and nonylphenol (NP)),
mainly originated as degradation products of nonylphenol
polyethoxylate surfactants), preservatives (methylparaben
(MeP), ethylparaben (EtP) and propylparaben (PrP)), the
PFCs ( p e r f l u o r o o c t a n e s u l f o n i c a c i d ( PFOS ) ,
perfluorooctanoic acid (PFOA), perfluoroheptanoic acid
( P FHpA ) , p e r f l u o r o h e x a n o i c a c i d ( P FHxA ) ,
perfluoropentanoic acid (PFPeA) and perfluorobutanoic acid
(PFBuA)) used as additives in various products such as
cleaning products, fire-fighting foams, lubricants and paints,
the plas t ic ize rs (b isphenol A (BPA) and di - (2-
ethylhexyl)phthalate (DEHP)) and the flame retardant
HBCDD.

Chemicals and reagents

The analytical standards (purity grade >97 %) and the internal
standards bisphenol A d14, perfluorooctanoic acid 13C4, phen-
acetin-ethoxy-1-13C and propyl 4-hydroxybenzoate-13C6

were purchased from Sigma–Aldrich (Madrid, Spain) and
Dr. Ehrenstorfer (Augsburg, Germany).

Three-millilitre solid-phase extraction (SPE) cartridges
packed with 60 mg of Oasis HLB were purchased from
Waters (Milford, MA, USA).

Individual stock standard solutions of each compound
(1000 mg/L) and internal standard solutions (100 mg/L) were
prepared in methanol and stored at 4°C. Working solutions of
target compounds (10 mg/L) were prepared by dilution of
stock standard solutions with methanol. Working solutions
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Table 1. Selected emerging organic pollutants (EOP), main sources of EOPs in aquatic environment, legal requirements and some of the highest
environmental concentrations reported

Target compound Main sources Legal
requirements
(ng/L)

Highest environmental
concentrations
(ng/L)

Reference

Human pharmaceuticals

Acetaminophen Domestic wastewater and hospital effluents - 65000 Robert and Thomas
2006

Diclofenac 10a 1043 Lou et al. 2014

Ibuprofen - 36788 Lou et al. 2014

Ketoprofen - 9808 Lou et al. 2014

Naproxen - 328 Lou et al. 2014

Salicylic acid - 14736 Bu et al. 2013

Sulfamethoxazole - 940 Bu et al. 2013

Trimethoprim - 605 Bu et al. 2013

Carbamazepine - 749 Lou et al. 2014

Atenolol - 690 Lou et al. 2014

Propranolol - 142 Bu et al. 2013

Caffeine - 1121446 Lou et al. 2014

17α-Ethinylestradiol 0.035a 1.9 Lou et al., 2014

17ß-Estradiol 0.4a 10.1 Lou et al. 2014

Estriol - 5.7 Gorga et al. 2015

Estrone 0.4a 69.1 Lou et al. 2014

Clofibric acid - 248 Bu et al. 2013

Bezafibrate - 20 Bu et al. 2013

Gemfibrozil - 86.8 Bu et al. 2013

Veterinary pharmaceuticals

Sulfadiazine Domestic wastewater (because some of them
are also used as human pharmaceuticals),
landfill leachate, livestock and fish-farm

effluents

- 505 Bu et al. 2013

Sulfamethazine - 1390 Bu et al. 2013

Oxytetracycline - 1080 Bu et al. 2013

Norfloxacin - 6800 Bu et al. 2013

Ofloxacin - 5100 Bu et al. 2013

Ciprofloxacin - 459 Bu et al. 2013

Tetracycline - 320 Bu et al. 2013

Doxycycline - 46.9 Bu et al. 2013

Chlortetracycline - 1036 Bu et al. 2013

Surfactants

LAS C10 Domestic wastewater (household detergents) - 2766000d Gorga et al. 2015

LAS C11 -

LAS C12 -

LAS C13 -

NP Domestic (from the degradation of nonylphenol
polyethoxylates used on hand dish

detergents, shampoos, liquid hand soaps)
and industrial (industrial processes within
textile, agriculture, paper, and oil industries)

wastewater

300/2000b 45000 Bergé et al. 2012

NP1EO - 215000 Bergé et al. 2012

NP2EO - 33000 Bergé et al. 2012

Plasticizers

DEHP Domestic wastewater
(leaching out from plastics)

1300c 97800 Zolfaghari et al. 2014

BPA 881 Lou et al. 2014
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and the individual stock standard solutions of internal stan-
dards were used to obtain spiked samples.

Mixtures of the studied compounds at different concentra-
tion levels, containing 200 ng/L of each internal standard,
were freshly prepared by appropriate dilutions of the stock
standard solutions in methanol:water 50:50 (v/v). These solu-
tions were used as calibration standards.

HPLC-grade acetonitrile, methanol and water were sup-
plied by Romil Ltd. (Barcelona, Spain). Analytical grade hy-
drochloric acid (37%) and formic acid (98%) were obtained
from Panreac (Barcelona, Spain). Ammonium formate and
ammonium acetate were purchased from Sigma-Aldrich
(Steinheim, Germany).

Studied area and sampling

The Guadiamar River (South of Spain) is one of the major
tributaries of the final stretch of Guadalquivir River and, to-
gether with its two major tributaries (Agrio River and
Alcarayon stream), constitutes one of the major water input
to Doñana National Park. Regarding human activity,
Guadiamar River basin (1319 m2) has traditionally been af-
fected mainly by two pollution sources: mining (northern sec-
tion) and urban-industrial and agricultural activities (southern
section). It is affected by 22 municipalities whose main activ-
ity is agriculture and, in a lower extent, textile, food industry
and mining.

Water samples were collected in June 2014 from six differ-
ent sampling sites located in the Guadiamar River and its
tributaries (Figure 1). Sampling site S1 (37° 31’ 25.69^ N,

6° 11’ 21.47^W) (nearby Gerena ≈6000 inhabitants) is locat-
ed in the Guadiamar River, upstream of the influence of a
pyritic mine (Aznalcóllar). Site S2 (37° 23' 46.36" N, 6° 13'
45.45" W) is situated after the confluence of the Agrio River
with the Guadiamar River. This sampling point is affected,
through Agrio River, by wastewater effluent discharges and
a hazardous waste treatment plant sited in Aznalcollar. Site S3
(37° 18’ 10.44^ N, 6° 15’ 35.32^ W) is located after the
confluence of Ardachón stream. These locations (S2 and S3)
present the highest population density: Aznalcóllar (≈6000
inhabitants) and Sanlúcar la Mayor (≈12000 inhabitants) in
S2 and Aznalcázar (≈4000 inhabitants) and Pilas (≈12000
inhabitants) in S3. Sites S4 (37° 10’ 52.41^ N, 6° 11’
54.88^ W) (nearby Villamanrique de la Condesa ≈4000 in-
habitants), S5 (37° 8’ 51.37^N, 6° 11’ 53.94^W) (nearby Isla
Mayor ≈5800 inhabitants) and S6 (37° 6’ 21.85^ N, 6° 15’
30.20^ W) are situated after the confluence of the Alcarayón
streams and the Guadiamar River. Beside of wastewater efflu-
ent discharges and the industrial activities sited in the north
area, Guadiamar River is affected by diffuse pollution sources
from agricultural activities sited in the South of the river (sam-
pling points S3 to S6).

Each composite sample (2.5 L) was collected by mixing
five grab samples collected across the river in each sampling
point. These samples were collected one after the other in a
short period of time. Samples were transported to the labora-
tory in 2.5 L amber glass bottles, pre-cleaned with acetone and
methanol, pre-rinsed with SW from the site sampled and re-
frigerated (4°C). Samples were stored at -30°C until analysis
(within 48 h after sample collection).

Table 1. (continued)

Target compound Main sources Legal
requirements
(ng/L)

Highest environmental
concentrations
(ng/L)

Reference

Preservatives

MeP Domestic wastewater (from personal
care products such as shampoos,

liquid hand soap, etc.)

- 1062 Haman et al. 2015

EtP - 147 Haman et al. 2015

PrP - 2142 Haman et al. 2015

PFBuA Industrial (manufacturing wastes,
food-packaging, etc) and domestic
wastewater (from leaching out

from the material)

- 742.9 Campo et al. 2015

PFPeA - 67.8 Campo et al. 2015

PFHxA - 31.4 Campo et al. 2015

PFHpA - 87.4 Campo et al. 2015

PFOA - 188.6 Campo et al. 2015

PFOS 0.64/36000b 42.6 Campo et al., 2015

Brominated flame retardants

HBCDD Industrial and domestic wastewater
(from leaching out from the material)

1.6/500b 2.9 Vorkamp et al. 2014

aMaximum acceptable method detection limit, b Annual average/maximum allowable concentration; c Annual average, d Sum of LAS C10, C11, C12
and C13
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Sample treatment

Optimization of sample treatment was carried out evaluating
the influence of sample pH (pH 2 and 7) and elution solvent
(acetone and methanol). Extraction of the studied compounds
was carried out using Oasis HLB SPE cartridges, previously
conditioned with successive aliquots of 3 mL of methanol and
3 mL of water (acidified to pH 2 with hydrochloric acid). 250

mL of SW samples were filtered through a 1.2 μm glass fibre
membrane filter (Whatman, Mainstone, UK) and acidified to
pH 2with hydrochloric acid. Then, the internal standards were
added to achieve individual concentrations of 0.4 ng/L.
Samples were percolated through the cartridges at a flow rate
of about 10mL/min using a vacuummanifold system (Waters,
USA) connected to a vacuum pump. Cartridges were rinsed
using 3 mL of methanol:water (5:95 v/v) acidified to pH 2.

Fig. 1. Sampling sites along the
course of Guadiamar River.
(WWTP: wastewater treatment
plant; HWTP: hazardous waste
treatment plant)
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Elution of the studied compounds was performed with three
successive aliquots of 1 mL of methanol at a flow-rate of
about 1 mL/min. The combined aliquots were evaporated to
dryness by a gentle nitrogen stream and the residue was dis-
solved in 0.3 ml of methanol:water (50:50, v/v), filtered
through a 0.22 μm nylon filter and immediately analyzed by
liquid chromatography-triple quadrupole mass spectrometry
(LC-QqQ-MS/MS).

LC-QqQ-MS/MS determination

After sample treatment, three aliquots of 20μL of each sample
extract were analyzed by LC-QqQ-MS/MS. Three chromato-
graphic methods were used, one method for the determination
of (i) pharmaceuticals for human use, (ii) a second method for
the determination of veterinary pharmaceuticals and (iii) a
third method for the determination of the hormones and in-
dustrial pollutants, including BPA, DEHP, HBCDD, NPE,
LAS, PFCs and parabens. Target compounds were classified
into three groups because of their different LC-MS/MS behav-
iour. Each analysis was carried out in triplicate to avoid false
positives.

Chromatographic separations were performed on an
Agilent 1200 series HPLC system (Agilent, USA) equipped
with a vacuum degasser, a binary pump, an autosampler and a
thermostated column compartment.

MS analyses were done with a 6410 QqQ instrument
equipped with an electrospray ionization source (ESI)
(Agilent). Ionization of analytes was carried out using the
following settings: MS capillary voltage 3000 V, drying-gas
flow rate 9 L/min, drying-gas temperature 350 °C and nebu-
lizer pressure 40 psi. Detection was performed in multiple
reaction-monitoring mode (MRM). MS/MS parameters were
optimized by the injection without column of individual stock
standard solutions of target compounds and internal standards
(10 mg/L) using different combinations of aqueous phase (wa-
ter (0.1 % formic acid), aqueous solution of ammonium ace-
tate, aqueous solution of sodium formate (0.1 % formic acid))
and organic phase (methanol or acetonitrile (0.1 % formic
acid)). Considering their abundances, two transitions were
selected for each compound. The most intensive transition
was used for the quantification and the less intense transition
and the relation between both transitions were used for the
confirmation of the analytes. Table 2 shows the optimized
MS/MS parameters for MRM analysis and the internal stan-
dards used in each method. Chromatographic separations
were optimized using different gradients with the selected
mobile phases for each group of compounds. Retention times
of target compounds and chromatograms of the standard so-
lutions are shown in supplementary materials (Tables S1 and
S2 and Figures S3-S5).

Quantification of the target compounds was carried out
using the internal standard method. Calibration curves were

constructed by linear regression of the peak area ratio of the
analyte and its corresponding internal standard against their
respective concentrations. Calibration curves were construct-
ed in the concentration range expected for each compound in
SW.

Analysis of human pharmaceuticals

Separation of pharmaceutically active compounds for human
use was carried out using a HALO C18 (50x4.6 mm i.d.; 2.7
μm) analytical column (Teknokroma, Spain) protected by a
HALO C18 (5x4.6 mm i.d.; 2.7 μm) guard column
(Teknokroma, Spain). Analytes were separated by gradient
elution with (A) acetonitrile (containing 0.1% v/v formic acid)
and (B) aqueous 10 mM ammonium formate solution (con-
taining 0.1% v/v formic acid) at a flow rate of 0.6 mL/min.
Column temperature was kept at 30 °C. Elution program was
as follow: 0-2 min isocratic 10 % of solvent A; 2-13 min,
linear gradient from 10 to 90 % of solvent A; 13-15.5 min
isocratic conditions at 90 % of solvent A and, finally, back to
10% of organic phase in 2 min.

Analysis of veterinary pharmaceuticals

Separation of veterinary pharmaceuticals was carried out
using a Zorbax Eclipse XDB–C18 Rapid Resolution HT
(50x4.6 mm i.d.; 1.8 μm) analytical column (Agilent, USA).
Analytes were separated by gradient elution with (A) acetoni-
trile (containing 0.1% v/v formic acid) and (B) water (contain-
ing 0.1% v/v formic acid) at a flow rate of 0.6 mL/min.
Column temperature was kept at 30 °C. Elution program
was as follow: 0-10 min isocratic 10 % of solvent A; 10-13
min linear gradient from 10 to 30 % of solvent A; 13-18 min
isocratic conditions at 30 % of solvent A and, finally, back to
10 % of solvent A in 2 min.

Analysis of industrial EOPs

Industrial EOPs were separated using a HALO C18
(50x4.6 mm i.d.; 2.7 μm) analytical column protected by a
HALO C18 (5x4.6 mm 1.d.; 2.7 μm) guard column.
Separation was carried out by gradient elution with (A) meth-
anol and (B) aqueous 10 mM ammonium acetate solution at a
flow rate of 0.6 mL/min. Column temperature was kept at 30
°C. Elution program was as follow: 0-14 min linear gradient
from 28 to 70 % of solvent A; 14-19 min linear gradient from
70 to 80 % of solvent A; 19-25 min linear gradient form 80 to
100 % of solvent A; 25-27 min isocratic conditions at 100 %
of solvent A, and, finally, back to 28 % of organic phase in 2
min.

25132 Environ Sci Pollut Res (2016) 23:25127–25144



Table 2. Optimized MS/MS parameters for MRM analysis

Compound Internal standard Ionization
mode

Precursor MRM 1
(quantification)

MRM 2
(confirmation)

Fragmentor Collision
energy

Human pharmaceuticals
Acetaminophen Phenacetin-ethoxy-1-13C Positive 152 152>110 152>65 94 12
Diclofenac Phenacetin-ethoxy-1-13C Positive 296 296>215 296>250 84 32
Ibuprofen Phenacetin-ethoxy-1-13C Positive 224 224>161 224>119 50 15
Ketoprofen Phenacetin-ethoxy-1-13C Positive 255 255>105 255>77 116 24
Naproxen Phenacetin-ethoxy-1-13C Positive 231 231>185 231>141 77 8
Salicylic acid Phenacetin-ethoxy-1-13C Positive 137 137>93 137>65 80 15
Sulfamethoxazole Phenacetin-ethoxy-1-13C Positive 254 254>92 254>108 99 28
Trimethoprim Phenacetin-ethoxy-1-13C Positive 291 291>230 291>261 148 20
Carbamazepine Phenacetin-ethoxy-1-13C Positive 237 237>194 237>179 116 16
Atenolol Phenacetin-ethoxy-1-13C Positive 267 267>190 267>145 121 16
Propranolol Phenacetin-ethoxy-1-13C Positive 260 260>116 260>56 114 16
Caffeine Phenacetin-ethoxy-1-13C Positive 195 195>138 193>110 84 16
17α-Ethinylestradiol Bisphenol A d14 Negative 295 295>145 295>159 130 33
17ß-Estradiol Bisphenol A d14 Negative 271 271>145 271>183 150 42
Estriol Bisphenol A d14 Negative 287 287>145 287>171 150 40
Estrone Bisphenol A d14 Negative 269 269>143 269>145 120 38
Clofibric acid Phenacetin-ethoxy-1-13C Positive 213 213>127 213>85 80 10
Bezafibrate Phenacetin-ethoxy-1-13C Positive 362 362>316 362>139 99 8
Gemfibrozil Phenacetin-ethoxy-1-13C Positive 251 251>129 251>83 77 4

Veterinary pharmaceuticals
Sulfadiazine Phenacetin-ethoxy-1-13C Positive 251 251>156 251>92 84 12
Sulfamethazine Phenacetin-ethoxy-1-13C Positive 279 279>186 279>92 99 16
Oxytetracycline Phenacetin-ethoxy-1-13C Positive 461 461>443 461>426 92 8
Norfloxacin Phenacetin-ethoxy-1-13C Positive 320 320>302 320>276 99 15
Ofloxacin Phenacetin-ethoxy-1-13C Positive 362 362>318 362>261 121 16
Ciprofloxacin Phenacetin-ethoxy-1-13C Positive 332 332>314 332>288 121 12
Tetracycline Phenacetin-ethoxy-1-13C Positive 445 445>410 445>154 104 16
Doxycycline Phenacetin-ethoxy-1-13C Positive 445 445>428 445>154 94 16
Chlortetracycline Phenacetin-ethoxy-1-13C Positive 479 479>462 479>444 106 16

Surfactants
LAS C10 - Negative 297 297>183 297>119 180 36
LAS C11 - Negative 311 311>183 311>119 175 36
LAS C12 - Negative 325 325>183 325>119 180 40
LAS C13 - Negative 339 339>183 339>119 180 40
NP Bisphenol A d14 Negative 219 219>133 219>147 100 20
NP1EO Bisphenol A d14 Positive 282 282>127 282>85 60 8
NP2EO Bisphenol A d14 Positive 326 326>183 326>89 99 4

Plasticizers
DEHP - Positive 391 391>149 391>167 94 20
BPA Bisphenol A d14 Negative 227 227>133 227>211 126 32

Preservatives
MeP Propyl 4-

hydroxybenzoate-13C6

Negative 151 151>92 151>136 70 16

EtP Propyl 4-
hydroxybenzoate-13C6

Negative 165 165>92 165>137 79 20

PrP Propyl 4-
hydroxybenzoate-13C6

Negative 179 179>92 179>136 99 24

Fluorinated organic compounds
PFBuA Perfluorooctanoic acid 13C4 Negative 213 213>169 213>51 55 0
PFPeA Perfluorooctanoic acid 13C4 Negative 263 263>219 263>69 68 0
PFHxA Perfluorooctanoic acid 13C4 Negative 313 313>269 313>119 60 0
PFHpA Perfluorooctanoic acid 13C4 Negative 363 363>319 363>169 68 0
PFOA Perfluorooctanoic acid 13C4 Negative 413 413>369 413>169 68 0
PFOS Perfluorooctanoic acid 13C4 Negative 499 499>80 499>51 145 40

Brominated flame retardant
HBCDD Bisphenol A d14 Negative 640 640>81 640>79 67 40

Internal standards
Bisphenol A d14 Negative 241 241>223 241>142 113 28
Phenacetin-ethoxy-1-13C Positive 180 180>138 180>110 106 16
Perfluorooctanoic acid 13C4 Negative 417 417>371 417>172 77 12
Propyl 4-
hydroxybenzoate-13C6

Negative 185 185>142 185>89 84 20
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Method validation

Analytical method was validated by the determination of ex-
traction process recovery, matrix effect, process efficiency,
precision (expressed as repeatability in terms of relative stan-
dard deviation (RSD)), linearity and method detection limit
(MDL) and method quantification limit (MQL).

Extraction process recovery was evaluated by comparison
of the peak areas of the analyte in samples spiked before and
after extraction (solutions A and B, respectively): R (%) =
(A/B) x 100. Blank samples (non-spiked samples) were mea-
sured to apply blank corrections to signals obtained from
spiked samples.

Matrix effect was calculated as previously described by
Martín et al. (2014). Matrix effect was determined by compar-
ison of the peak areas of samples spiked after extraction (B),
peak areas of blank samples (non-spiked sample) (C) and peak
areas from a standard solution at the same concentration level
(D). The matrix effect (ME) is expressed as a percentage as
follows: ME (%) = (B-C)/D x 100. If ME is higher than 100,
signal enhancement due tomatrix effect has occurred. IfME is
lower than 100, signal suppression due to matrix effect has
occurred.

Process efficiency were calculated as reported previ-
ously by (Matuszewski et al . 2003) considering
matrix effect and the recovery of the extraction process:
PE (%) = (ME x R)/100.

Precision of the method was calculated as the RSD of the
concentrations determined in a spiked sample measured in
triplicate. Linearity of the method was determined by
analysing standard solutions in triplicate at different concen-
tration levels in the range of concentrations expected after
extraction. The internal standard method was used for the
quantification of the target compounds, except for LAS and
DEHP, in sample extracts because it was demonstrated to be
the most suitable calibration approach for their quantification.
Calibration curves were constructed by linear regression of the
peak area ratio of the analyte and its assigned internal standard
against their respective concentrations. No suitable matrix ef-
fect correction was obtained for LAS and DEHP when using
internal standard calibration, therefore, external calibration
method was applied. Matrix effect correction of LAS and
DEHP signals was carried out taking into account matrix ef-
fect values obtained in method validation. The concentrations
of the target compounds in the studied samples were calculat-
ed from the concentrations determined in sample extracts tak-
ing into account the recoveries and matrix effects.
Instrumental detection (IDL) and quantification (IQL) limits
were estimated as the concentrations of each analyte corre-
sponding to a signal-to-noise ratio of 3:1 and 10:1, respective-
ly. IDL and IQL were determined by the injection of sample
extracts spiked in triplicate at low concentration levels (from
0.01 to 250 μg/L) after solid-phase extraction. In the case of

compounds, such as DEHP, that were present in blank ex-
tracts, IDL and IQL were estimated as the concentrations cor-
responding to blank signal plus three times or ten times the
standard deviation of blank signal, respectively. Method de-
tection (MDL) and quantification limits (MQL) were deter-
mined applying the enrichment factor and recoveries achieved
in solid-phase extraction to the IDL and IQL.

Quality Control

In each batch of samples, one sample was divided into four
subsamples. Three of them were spiked with the studied com-
pounds and matrix effect and recoveries were determined and
compared with those achieved during validation process.

Each batch contained calibration standards, spiked sam-
ples, samples, procedural blank and standard quality control.
Procedural blank and standard quality control were measured
before and after the calibration standards and every five
samples.

Ecotoxicological Risk Assessment

Environmental risk assessment was carried out using risk quo-
tient (RQ) values according to the European Union Technical
Guidance Document (EC-TGD, 2003; Tauxe-Wuersch et al.,
2005; Gros et al., 2010; Mendoza et al., 2015). RQs were
calculated for each compound as the ratio of the measured
environmental concentration (MEC) and the predicted no ef-
fect concentration (PNEC).

Concentrations measured during the monitoring period
were used as MEC values. PNEC values were calculated,
according to the European Union Technical Guidance
Document, dividing the lowest ecotoxicological data, of acute
and chronic toxicity studies available in the literature for sev-
eral species representing different trophic levels (normally al-
gae, bacteria, invertebrate and fish species), by an assessment
factor (AF). No observed effect concentration (NOEC) was
used for chronic toxicity. For acute toxicity, the effect concen-
tration (EC50), that refers to the concentration at which the
50% of its maximal effect was observed in test species after a
specified test duration or the lethal concentration (LC50), that
refers to the concentration that causes the death of the 50 % of
a group of test species after a specified test duration, were
applied.

An AF of 1000 was applied when at least one short-term
L(E)C50 from each of the three evaluated trophic levels was
available. An AF of 100 was applied when one long-term
NOEC value was available for algae, crustaceans or fish. An
AF of 50 was applied when two long-term NOEC values were
available for species in two different trophic levels. An AF of
10 was used when NOEC values for species in the three eval-
uated trophic levels were available (EC 2003).
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An exhaustive literature review was performed to collect
toxicity data of the studied compounds in species at different
trophic levels. Toxicity data applied and PNEC values of de-
tected compounds are presented in Tables S3 and S4, respec-
tively, in supplementary data.

RQ values higher than one imply significant ecotoxicolog-
ical risk to aquatic organisms. Common criteria to interpret
RQ values, in risk assessment studies, establish different risk
levels: low risk (RQ values from 0.01 to 0.1), medium risk
(RQ values between 0.1 and 1) and high risk (RQ values
higher than 1) (Hernando et al. 2006).

Results and discussion

Optimization of solid-phase extraction

Optimization of solid-phase extraction was carried out using
Milli-Q water spiked with the target compounds at 500 ng/L.
Oasis HLB cartridges were selected because of their suitability
to extract acid, neutral and basic compounds. Conditioning,
washing procedure, and flow rates applied were those recom-
mended by the manufacturer. Sample pH (pH 2 and 7) and
elution solvent (acetone and methanol) were tested. Sample
pH was optimized using six aliquots of 250 mL of Milli-Q
water spiked with the target compounds. Sample pH was ad-
justed to 2 in three of the spiked aliquots using 3 M hydro-
chloric acid solution. Samples were percolated through the
cartridges at a flow rate of about 10 mL/min using a vacuum
manifold system (Waters, USA) connected to a vacuum pump.
Cartridges were rinsed using 3 mL of methanol:water (5:95
v/v). Elution of the target compounds was performed with
three successive aliquots of 1 mL of methanol at a flow-rate
of about 1 mL/min. The combined aliquots were evaporated to
dryness by a gentle nitrogen stream and the residue was dis-
solved in 0.3 mL of methanol:water (50:50, v/v), filtered
through a 0.22 μm nylon filter and analysed by liquid
chromatography-triple quadrupole mass spectrometry (LC-
QqQ-MS/MS).

Figure S1 (supplementary material) shows the recoveries
achieved at the tested sample pH values. The highest recover-
ies were achieved for acidified samples, especially in the case
of pharmaceuticals ketoprofen, naproxen, sulfamethoxazol,
caffeine and salicylic acid and LAS C13 and PFBuA.
Because of that, acidification of samples to pH 2 was selected.

Figure S2 shows the recoveries achieved using acetone and
methanol as elution solvents. For most of the studied com-
pounds, the recoveries achieved using methanol as elution
solvent were slightly higher than those obtained using acetone
especially in the case of PFBuA, PFPeA (Figure S2).
According to these results, acidification of samples to pH 2
and the use of methanol as extraction solvent were selected for
the SPE procedure (Figure S2).

Method performance

Table 3 shows process efficiency (%), recovery (%), matrix
effect, precision, linearity and limits of detection and quanti-
fication of the proposed analytical method.

Process efficiencies achieved in the optimized analytical
method were in the range from 62 (chlortetracycline) to 112
% (norfloxacyn). Only acetaminophen, atenolol and PFBuA
were poorly recovered (Table 3). In the case of acetaminophen
and atenolol, the low recoveries achieved (31 and 24 %, re-
spectively) could be due to the sample pH applied to the solid-
phase extraction. Other authors have reported higher recover-
ies of these compounds using higher pH values (Grujić et al.
2009; Santos et al. 2013; Vieno et al., 2006). The low recovery
of PFBuA can be related to its higher hydrophilicity that can
results in its elution during the wash of the SPE cartridge
(Martín et al. 2014).

Matrix effect was evaluated by comparison of the signals
obtained in samples spiked after solid-phase extraction with
those obtained in standard solution at the same concentration.
For most of the studied compounds, signal suppression was
observed. Only in the case of salicylic acid, caffeine, 17α-
ethynylestradiol, clofibric acid, DEHP and MeP, signal en-
hancement was observed. The highest signal suppression
was observed for 17β-estradiol (77 %) and estriol (66 %).
The highest signal enhancement was observed for DEHP
(139 %). Matrix effect for the other target compounds was in
the range 80-119 %. Therefore, matrix-matched calibrations
were considered no necessary. Concentration of each com-
pound in the SW samples was determined from the concen-
tration measured in the sample extract and taking into account
matrix effect and recovery achieved after solid-phase
extraction.

Instrumental inter- and intra-day precision were determined
by the injection of standard solutions in methanol:water pre-
pared in triplicate. Results are shown in the supplementary
material (Tables S1 and S2). Precision of the method, mea-
sured as RSD, was lower than 25 %. Linearity, evaluated by
the injection of nine calibration points for all compounds at
concentrations from IQL to 2000 μg/L resulted in r2 >0.994
(Table 3).

MDL andMQL ranged from 0.02 to 98 ng/L and from 0.05
to 297 ng/L, respectively. In the case of DEHP (MQL 9.43 ng/
L), HBCDD (0.80 ng/L), NP (27.0 ng/L) and PFOS (0.12 ng/
L), the MQL values achieved allowed the determination of
these compounds at the concentration limits fixed by the
European Union in SW (1.3, 0.5, 2.0 and 36 μg/L in inland
SW, and 1.3, 0.05, 2.0 and 7.2 μg/L in other SW, for DEHP,
HBCDD, NP and PFC, respectively) (EC 2013). Moreover,
MDL achieved for diclofenac (0.04 ng/L) complies with the
requirements established by the EU Decision 2015/495 (EC
2015) (maximum acceptable method detection limit for
diclofenac: 10 ng/L). MDL achieved for the hormones
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Table 3. Process efficiency, recovery, matrix effect, precision, linearity, method detection limit (MDL) and method quantification limit (MQL) for
each target compound

Compound Process efficiency (%) Recovery (%) Matrix effect (%) Precision (%) Linearity (r2) MDL (ng/L) MQL (ng/L)

Human pharmaceuticals

Acetaminophen 31 33 94 25 0.999 0.78 2.73

Diclofenac 114 115 99 18 0.999 0.04 0.12

Ibuprofen 80 89 90 10 0.994 0.93 3.00

Ketoprofen 87 92 95 3.5 0.997 1.17 3.86

Naproxen 85 88 97 4.1 0.998 1.67 5.69

Salicylic acid 101 85 119 12 0.999 0.79 2.97

Sulfamethoxazole 81 101 80 5.0 0.999 0.10 0.26

Trimethoprim 81 100 81 9.1 0.999 0.14 0.91

Carbamazepine 104 120 87 2.9 0.999 0.08 0.19

Atenolol 24 28 86 9.9 0.999 0.67 2.00

Propranolol 97 111 87 6.4 0.998 0.02 0.05

Caffeine 80 75 106 1.8 0.997 0.25 1.75

17α-Ethinylestradiol 98 94 104 9.7 0.996 15.0 49.5

17ß-Estradiol 94 122 77 17 0.999 2.13 7.00

Estriol 77 117 66 8.4 0.998 2.20 7.30

Estrone 81 85 95 15 0.998 0.62 2.06

Clofibric acid 111 104 107 5.7 0.999 6.18 13.7

Bezafibrate 86 90 96 8.2 0.998 0.14 0.70

Gemfibrozil 74 79 94 7.9 0.997 4.51 14.9

Veterinary pharmaceuticals

Sulfadiazine 83 99 84 12 0.996 3.90 13.0

Sulfamethazine 80 84 95 14 0.999 5.75 11.5

Oxytetracycline 94 102 92 6.3 0.996 98.0 252

Norfloxacin 112 140 80 13 0.996 58.0 116

Ofloxacin 77 79 97 6.7 0.996 3.00 10.0

Ciprofloxacin 84 91 92 4.8 0.997 12.4 62.0

Tetracycline 68 85 80 11 0.995 60.5 121

Doxycycline 94 103 91 13 0.996 90.0 297

Chlortetracycline 62 78 80 4.6 0.997 13.1 43.0

Surfactants

LAS C10 78 98 80 2.0 0.999 0.04 0.15

LAS C11 80 80 100 3.0 0.997 0.12 0.38

LAS C12 80 82 97 4.0 0.997 0.14 0.47

LAS C13 90 93 97 4.0 0.997 0.03 0.09

NP 74 88 84 4.9 0.998 8.11 27.0

NP1EO 67 84 80 8.8 0.998 0.48 3.80

NP2EO 104 112 93 11 0.998 0.38 1.28

Plasticizers

DEHP 96 71 136 10 0.999 2.86 9.43

BPA 95 96 99 3.0 0.997 0.03 0.18

Preservatives

MeP 97 101 96 2.4 0.999 0.07 0.24

EtP 94 97 97 4.4 0.999 0.02 0.08

PrP 100 99 101 5.8 0.999 0.62 2.70

Fluorinated organic compounds

PFBuA 10 11 90 12 0.999 2.10 5.00

PFPeA 92 93 99 1.0 0.999 0.38 1.00
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17α-ethinylestradiol (15.0 ng/L), 17β-estradiol (2.13 ng/L)
and estrone (0.62 ng/L) were higher than maximum accept-
able method detection limits fixed by the European Decision
2015/495 (EC 2015) (17α-ethinylestradiol (0.035 ng/L), 17β-
estradiol (0.4 ng/L) and estrone (0.4 ng/L)). This fact is due to
the low ionization and fragmentation of these compounds un-
der LC-MS/MS conditions applied for their determination
(IDL: 12.8, 1.89 and 0.64 μg/L for 17α-ethinylestradiol,
17β-estradiol and estrone, respectively).

Concentrations of EOPs in Guadiamar River

Concentrations of target compounds found in studied sam-
ples are shown in Table S5 (supplementary material).
Figure 2 shows the concentrations of the studied com-
pounds in Guadiamar River basin as a box and whisker
plot representing the 5 and 95 percentile. Only compounds
with a frequency of detection higher than 30% were includ-
ed in the figure.

The higher concentrations were found for BPA, DEHP,
NPE and LAS (mean concentrations from 133 to 930 ng/L)
and for the pharmaceutical compounds caffeine and salicylic
acid with mean concentrations of 623 and 318 ng/L, respec-
tively. Other pharmaceuticals (trimethoprim, propranolol, car-
bamazepine and diclofenac), parabens and PFCs showed con-
centrations up to 49.6 ng/L (PFHpA). Approximately, the 45
% of the studied compounds (acetaminophen, atenolol, ibu-
profen, ketoprofen, naproxen, sulfamethoxazole, clofibric ac-
id, gemfibrozil, 17α-ethinylestradiol, 17ß-estradiol, estriol,
estrone, sulfadiazine, oxytetracycline, norfloxacin, ciproflox-
acin, tetracycline, doxycycline and chlortetracycline, PFBuA
and HBCDD) were not detected in the studied area.

BPA and DEHP were found in all the analyzed samples.
This fact could be explained by their wide use in industrial
production and daily use products (bottles, digital media, toys,
paints, construction materials, personal care articles and cos-
metics (Domínguez-Morueco et al. 2014; Huang et al. 2012))
and their poor removal in wastewater treatment plants (Guerra
et al. 2015; Tran et al. 2015; Zolfaguari et al. 2014). BPA
concentrations up to 1661 ng/L (mean 490 ng/L) were found;
however, most of them (70 %) were lower than 440 ng/L.
These concentrations were slightly higher than those

previously reported (100 to 250 ng/L) in SW close to the
studied area (Ballesteros-Gómez et al. 2007). This fact could
be explained by the proximity of wastewater treatment plants
as it was described in Germany where concentrations mea-
sured (1927 ng/L) were close to those found in this work
(Quednow and Püttmann 2008). Regarding to DEHP, includ-
ed as a priority pollutant in the WFD in 2008, measured con-
centrations (between 390 and 1191 ng/L) were lower than
environmental quality standards (EQS), fixed on 1300 ng/L.
However, 30 % of these concentrations were close to this
value (higher than 1000 ng/L), which could indicate the need
for further attention to this compound.

NPEs were found in all analyzed samples at concentration
ranges of 160-285, 85-202 and 118-2260 ng/L for NP1EO,
NP2EO and NP, respectively (mean concentrations 133, 208
and 930 ng/L, respectively). The distribution found
(NP>NP2EO>NP1EO) could be explained by the degradation
of nonylphenol polyethoxylates, into NP2EO, NP1EO and,
finally, into NP (Corada-Fernández et al. 2011). The concen-
trations found in this work were slightly higher than those
found in other European countries such as France (Cailleaud
et al. 2007), Italy (Vitaly et al. 2004), Switzerland (Jonkers
et al. 2009) and Greece (Arditsoglou and Voutsa 2010). This
fact could indicate the influence of wastewater discharges and
other potential sources, such as their use in pesticide formula-
tions. Alkylphenols can also be present in the atmosphere due
to industrial processes, waste incineration, wastewater treat-
ment processes, among other sources. Then, they can pollute
SW by atmospheric deposition or rainfall events (Bergé et al.
2012). For example, Bressy et al. (2011) described that NP
fluxes up to 84.0 μg/m2/year for atmospheric deposition and
up to 190 μg/m2/year for stormwater in a small urban catch-
ment near to Paris.

Considering the EQS fixed by the Annex X of the Directive
2013/39/CE (EC 2013), the limit value fixed as maximum
concentration in SW (2000 ng/L in the case of NP) was
exceeded only in one of the sampling points. However, the
80 % of the analyzed samples presented concentrations of NP
higher than the EQS fixed as annual mean concentration.

LAS homologues were quantified in all analyzed samples
at mean concentrations of 214, 320, 338 and 251 ng/L for
LAS C10, C11, C12 and C13, respectively, and at maximum

Table 3. (continued)

Compound Process efficiency (%) Recovery (%) Matrix effect (%) Precision (%) Linearity (r2) MDL (ng/L) MQL (ng/L)

PFHxA 105 109 96 7.4 0.997 0.30 0.50

PFHpA 106 106 100 8.8 0.999 0.12 0.40

PFOA 95 97 98 8.3 0.999 0.08 0.20

PFOS 85 104 82 7.8 0.999 0.04 0.12

Brominated flame retardant

HBCDD 64 72 89 3.0 0.997 0.24 0.80
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concentrations up to 491 ng/L (LAS C13). The distribution of
these compounds measured in this work (mean 19, 28, 30 and
23 % for LAS C10, C11, C12 and C13, respectively) was
close to those used in products such as household and laundry
detergents or personal care products such as shampoos and
shower gel. These results could reflect that effluents from
WWTPs constitute the main source of these compounds to
the studied area. In spite of that, the concentrations found in
this work were significantly lower than those reported previ-
ously in water samples from other aquatic systems in Spain
and Europe, where values typically ranged from low μg/L to
higher than 1000 μg/L have been reported (Corada-Fernández
et al. 2015). For example, concentrations up to 2677 μg/L
have been reported in SW from Guadalete River (SW,
Spain) which it is affected by the dischages of a WWTP serv-
ing a population of more than 200,000 inhabitants (Corada-
Fernandez et al. 2011). The lower concentrations measured in

this work (from 819 to 1615 ng/L) could be due to the low
population around the studied area.

Among the 28 human and veterinary pharmaceuticals ana-
lyzed in these work, only five of them were detected in all
analyzed samples (diclofenac, salicylic acid, carbamazepine,
propranolol and caffeine) and four (trimethoprim, bezafibrate,
sulfamethazine and ofloxacin) were present in less than the 30
% of the samples (mean concentrations 25.3, 139, 396 and
107 ng/L, respectively). Concentrations of the other studied
pharmaceutical compounds were lower than detection limits
in all analyzed samples.

Caffeine and salicylic acid were found at the highest con-
centrations, up to 2050 and 709 ng/L, respectively, while
diclofenac, carbamazepine and propranolol were found at
concentrations up to 27.3, 28.0 and 8.32 ng/L. This distribu-
tion could be related to the high consumption of these com-
pounds, in coffee, tea or chocolate in the case of caffeine and

Fig. 2. Concentrations of LAS,
NPE, plasticizers,
pharmaceutically active
compounds, PFCs and parabens
in Guadiamar River basin
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in several domestic products, including cosmetics, personal
care products and food preservatives in the case of salicylic
acid. In the case of veterinary pharmaceuticals, only sulfa-
methazine and ofloxacin were detected (sampling points S3-
S5). This fact could be related to its use as a veterinary phar-
maceutical in poultry production units in this catchment area.
The concentrations of the pharmaceutical compound
diclofenac, included in the Bwatch list^ published by the
European Commission (EC, 2015), were higher than the limit
of detection purposed by the Decision (10 ng/L) in all ana-
lyzed samples.

PFCs were detected in all analyzed samples at concentra-
tions from 24.3 to 56.7 ng/L (sum of the six studied com-
pounds), which show their wide use and persistence in envi-
ronmental samples. The highest mean concentrations were
found for PFHpA (16.9 ng/L), followed by PFOA (9.00 ng/
L), PFHpA (7.90 ng/L), PFHxA (6.4 ng/L) and PFOS (2.9 ng/
L). The concentrations of PFOS measured in this work were
higher than the EQS, fixed by Directive 2013/39/EC (EC,
2013) as annual average concentration (0.65 ng/L), in the 67
% of the analyzed samples. However, these concentrations
were lower than the EQS fixed as maximum allowable con-
centration (36000 ng/L) in this directive.

MeP and PrP were the predominant parabens in the studied
SW (found in all analyzed samples at mean concentrations of
21.5 ng/L and 8.06 ng/L, respectively). EtP was found in the
50 % of the studied samples at concentrations lower than 2.67
ng/L. These concentrations were similar to those reported in
countries such as Switzerland (Jonkers et al. 2009), Portugal
(Jonkers et al. 2010) or USA (Renz et al. 2013); however,
highest concentrations were found in Japan and China (Peng
et al. 2008; Yamamoto et al. 2011). These concentrations were
found in high densely populated areas with SW highly con-
taminated by treated or untreated domestic sewage with no
sewerage system.

The distribution found in this work, in concordance with
that reported previously (MeP>PrP>EtP), is close to the com-
position of paraben mixtures in common consumer products
such as food and cosmetics (Haman et al. 2015). As a result,
the distribution found in analyzed SW samples could indicate
that wastewater effluent discharges are the main source of
these pollutants to the SW (Haman et al., 2015).

Spatial distribution of EOPs along Guadiamar River

Different trends were observed for the studied compounds in
the studied river (Figure 3). These distributions could be ex-
plained considering the different pollution sources affecting
the studied area: North area (S1 to S2), traditionally affected
by mining and industrial activities and south area (S3-S6)
affected by the discharges of wastewater effluents from nearby
population to the Guadiamar River (≈19000 inhabitans) or
through any of their tributaries such as Molinillo stream

(≈600 inhabitants), Alcarayon stream (≈18600 inhabitants)
or Cigüeña stream (≈10000 inhabitants).

The concentrations of LAS homologues, as well as those of
parabens, increased from S1 to S5. This distribution could be
explained considering the urban discharge as the main source
of these contaminants and the higher population affecting the
downstream studied area. However, concentrations of
parabens measured in sampling point S6 were lower than
those measured in S5. The decrease of concentrations mea-
sured in sampling point S6, could be due to their
photodegradation (An et al. 2014; Zúñiga-Benitez and
Poñuela 2016) or biodegradation (Haman et al. 2015) under
aerobic conditions, as well as the dilution effect caused by the
high flow of Guadiamar River in this point.

The concentrations of BPA and DEHP, decreased from S1
to S6, which could be explained by the higher contribution of
industrial effluents (hazardous waste treatment plant, mining,
foam and plastic industries), upstream sited, to the load of
these compounds to the studied river. Concentrations of
NPE and PFC, showed a similar behaviour than concentra-
tions of DEHP, except for sampling point S3 (NP) and S5
(PFC), where concentrations were up to 2060 ng/L (NP) and
53.5 ng/L (ΣPFC). These higher concentrations could be re-
lated with the discharges of the industrial activities located in
the towns nearby to these sampling points (Aznalcázar and
Sanlucar la Mayor, in the case of S3, and Isla Mayor, in the
case of S5). This fact has been pointed out in several works
(Bergé et al. 2012; Camacho-Muñoz et al. 2014; Castiglioni
et al. 2015) in which concentrations of these compounds re-
ported in industrial wastewater effluents were higher than
those in domestic wastewater effluents. For example, Berge
et al. (2012) reported concentrations of NP in industrial waste-
water effluents (up to 400μg/L) higher than those measured in
domestic wastewater effluents (up to 170 μg/L) and
Cestiglioni et al. (2015) reported concentrations of PFOA
about 50 times higher than those measured in domestic waste-
water effluents.

The concentrations of the studied pharmaceutically active
compounds did not show a clear behaviour along the studied
area. Their concentrations were similar in all the analyzed
samples, except for the pharmaceuticals diclofenac, propran-
olol and salicylic acid in sampling point 4; caffeine in sam-
pling point S6; and carbamazepine concentrations that in-
creased from S3 to S6. These results could be explained by
the proximity of the discharge of wastewater effluents to sam-
pling point S4. The concentrations measured in sampling
points S5 and S6, were lower than those measured in S4.
This fact could be due to attenuation processes such as bio-
degradation or retention in the sediments (da Silva et al.,
2011).

Regarding to veterinary pharmaceuticals, only sulfametha-
zine was present at concentrations higher than the detection
limit in sampling points S3 (365 ng/L) and S5 (427 ng/L)
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while only ofloxacin was detected in sampling point S4 (107
ng/L). This fact could be due to their use in poultry farms
located in the sampling area and to the natural attenuation of
the concentrations of the other sulphonamides, tetracycline or
fluoroquinolones through mechanism such as sorption to
suspended matter (da Silva et al., 2011), colloids (Yang
et al., 2011) or sediments (da Silva et al., 2011; Zhou et al.,
2011).

Environmental risk assessment

European guidelines (EC, 2003; EMEA, 2006) recommend
the use of chronic toxicity to calculate PNEC values.
However, due to the current limited availability of chronic
toxicity data, short-term (EC50 and LC50) values are widely
used to calculate PNEC values and to estimate potential ad-
verse effects to aquatic organisms (Gros et al., 2010).

In this study, RQs were evaluated considering data from
acute and chronic toxicity studies, the most sensitive organism
and the maximum concentration levels detected for each com-
pound, which represents the Bworst-case scenario^ (Mendoza

et al., 2015). Toxicity data applied and PNEC values of de-
tected compounds are presented in supplementary material
(Tables S3 and S4). RQ values, calculated as described in
Section 2.8., are shown in Figure 4. RQ values of caffeine
and some well-known endocrine disruptor compounds
(NPEs, BPA, DEHP, MeP and LAS C13) were higher than 1
when acute toxicity data was considered. When chronic tox-
icity data is considered, diclofenac, propranolol, bezafibrate,
ofloxacin, NP, NP1EO, DEHP and BPA are the ones with a
higher negative impact to Guadiamar River.

The specific toxicity of each compound for each single
species makes that highly used compounds, such as LAS
C10-C12, not always are related to a high environmental risk.
Moreover, compounds detected at low concentrations, as
diclofenac or propranolol, could imply a higher risk due to
their higher toxicity. RQ values obtained for pharmaceutical
compounds are consistent with other RQs reported in litera-
ture in surface water (Paiga et al., 2016; Kuzmanović et al.,
2015; Moreno González et al., 2014; Vázquez-Roig et al.,
2012; Ginebreda et al., 2010; Wang et al., 2010). In a recent
study carried out in Spain, RQ values higher than 10 were

Fig. 3. Concentrations of human
pharmaceuticals, LAS (sum of
LAS C10, C11, C12 and C13),
parabens (sum of MeP, EtP and
PrP), NPE (sum of NP2EO,
NP1EO and NP), PFCs (sum of
PFBuA, PFPeA, PFHxA,
PFHpA, PFOS and PFOA), BPA
and DEHP along Guadiamar
River
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obtained for the above mentioned pharmaceutical compounds
plus acetaminophen, ibuprofen, naproxen, clarithromycin,
ofloxacin, and trimethoprim in hospital effluents (Mendoza
et al., 2015). Wang et al. (Wang et al., 2010) reported RQ
values higher than one for diclofenac in two Chinese rivers
whereas for the other detected pharmaceuticals were below 1.
In a recent study carried out for 55 pharmaceuticals and per-
sonal care products in a municipal wastewater treatment plant
in Greece, diclofenac was identified as the compound with the
highest potential environmental risk (Papageorgiou et al.,
2016).

RQs were also evaluated for every single aquatic species
(Figure S6 in the supplementary material). Besides, site-
specific concentrations of detected pollutants along the catch-
ment area were considered. Results showed that RQs are high-
ly dependent on the specie used for the assessment (Figure S6
in Supplementary material). In case of diclofenac, proprano-
lol, LAS C13, NPE, MeP and BPA adverse effects were ob-
served when specific species are considered. Among the eigh-
teen species considered for risk assessment of diclofenac, only
the fish Salmo trutta f. fario showed RQ > 1 (between 3.7 and
5.4) while for the others, mainly bacteria, algae and the fish
(D. rerio), RQ values lower than 0.008 were obtained. A sim-
ilar scenario was observed for propranolol (RQ > 1 was ob-
tained for the fish O. latipes whereas RQ were lower than
0.008 for the other species), ofloxacin (RQ > 1 for the algae
P. subcapitata) andMeP (RQ > 1 for the fishO. latipes). In the
case of the industrial pollutants, the most affected species were
the invertebrate M. bahía, affected by NPE, and the algae
S. capricornutum affected by DEHP. BPA showed high risk
for certain invertebrates and fish species were used.
Nevertheless, the results did not allow establishing the most
sensitive trophic levels.

It is noteworthy that the aquatic risk assessment, on the
basis of RQ estimation, pointed out a highly possible risk in
all locations where NP was detected, even if the annual aver-
age concentration established by Directive 2013/39/EC (0.3
μg/L) was not overcame (location S6: 118 ng/L, RQ=5.7).

Similar results were obtained by Kuzmanović et al. (2015)
for 200 organic micropollutants monitored in four rivers lo-
cated in the Mediterranean side of the Iberian Peninsula.
Together with pesticides, NP and octylphenol were identified
as the most problematics for the studied rivers. In this paper,
environmental risk assessment has been carried out consider-
ing the concentrations of EOPs during a limited period of
time. A larger study, considering possible seasonal influences,
would be necessary for a better understanding of the environ-
mental impact of these compounds.

Moreover, RQs act as a normalized measurement of risk,
thereby allowing a comparison between different compounds
with different toxicities and exposure levels. However, since
the scenario studied is characterised by the simultaneous pres-
ence of multiple compounds rather than a single product, es-
timation of the toxicity caused by pollutant mixtures is essen-
tial (Mendoza et al., 2015). Therefore, further studies are re-
quired for a better understanding of the environmental impact
due to these compounds.

Conclusions

In this paper, an analytical method based on solid-phase ex-
traction and determination by high-performance liquid chro-
matography with triple-quadrupole mass spectrometry detec-
tor has been applied to determine 47 organic EOPs in
Guadiamar river basin (southwest, Spain). The spatial distri-
bution of these compounds and their potential environmental
risks have been evaluated.

Up to 60 % of the studied compounds were found in the
analyzed samples. Plasticizers, surfactants and the pharmaceu-
tically active compounds caffeine and salicylic acid were the
compounds at the highest concentrations. Among the com-
pounds included in the priority contaminant list, NP and
PFOS were the ones at concentrations higher than the envi-
ronmental quality standards, while other compounds, such as

Fig. 4. Risk quotients (RQ) calculated for acute and chronic toxicity of compounds detected in Guadiamar River
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DEHP, were found at concentrations close to their environ-
mental quality standards.

The distribution of the studied compounds in Guadiamar
River showed both, industrial (on the north area of the river)
and domestic discharges (on the south area). In the upper part
of the river and in industrialized areas the presence of regulat-
ed priority pollutants were more predominant, whereas the
lower part of the river was more affected by the presence of
emerging and non-regulated priority pollutants due to a higher
number of effluent wastewater discharges.

Regarding risk assessment, the calculated RQs were highly
dependent on the specie used for the assessment. Considering
the worst-case scenario, acute risk could be expected due to
caffeine, NPEs, BPA, DEHP, MeP and LAS C13. Diclofenac,
propranolol, bezafibrate, ofloxacin, NP, NP1EO, DEHP and
BPA presented the highest negative impact to Guadiamar
River when chronic toxicity data is considered. Moreover,
NP could represent a high risk in all locations where it was
detected, in spite of the annual average concentration
established by Directive 2013/39/EC was not overcame.
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