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ABSTRACT  

The increased use of cosmetic products, in particular UV filter compounds, results with 
their introduction in significant amounts into aquatic ecosystems. Thus, the study and 
understanding of these substances in the environment is of major importance because 
of their potential to bioaccumulate and consequent toxicity, which may have a 
negative impact on the receiving environment, especially for biota, or even humans. 
Moreover, the contamination of these compounds is further aggravated in urban 
ecosystems, as fallout of population pressure and human activities. 

This master project seeks to analyze the impact of these substances in urban 
environments by having the city of Barcelona and its surroundings as a case study. To 
accomplish this, first an extensive literature review on characteristics, environmental 
and toxicity levels of UV filter compounds was performed. Secondly, water samples 
from rivers and WWTPs from the urban surroundings of Barcelona were analyzed so as 
to check the levels of mentioned substances, as well as to calculate the removal 
efficiency of the treatment stations and the potential risk posed by levels audited. 

RESUMEN 

El elevado uso de productos cosméticos, y en concreto de filtros UV, resulta en su 
introducción en cantidades significativas en los ecosistemas acuáticos. Así, el estudio y 
comprensión de los efectos de estos compuestos en el medio ambiente es de gran 
relevancia, debido a su potencial de bioacumulación y potencial toxicidad que podrá 
tener consecuencias negativas en el medio receptor y en especial en la biota, e incluso 
en humanos. En este ámbito, la contaminación por estos compuestos es aún más grave 
en ecosistemas urbanos, por la mayor presión de población y las actividades humanas. 

Este proyecto de Máster busca pues, un análisis del impacto de dichas substancias en 
aéreas urbanas, teniendo como caso de estudio la ciudad de Barcelona y su entorno. 
Para ello en primer lugar se realizará una revisión bibliográfica extensa sobre 
características, niveles ambientales y toxicidad de  filtros UV. En segundo lugar, 
muestras de aguas de río y de EDAR del entorno urbano de Barcelona serán analizadas 
para comprobar los niveles de  dichas substancias, así como para calcular la eficiencia 
de eliminación de las estaciones de tratamiento de las aguas residuales y el potencial 
de riesgo medioambiental para los niveles detectar. 

  

 
 



  

 
 



ACKNOWLEDGEMENTS 
 
Foremost I should like to acknowledge Dra. Silvia Díaz-Cruz for giving me the 
opportunity to develop my master project, as well as working within a scientific 
research group at the Institut de Diagnòstic Ambiental i Estudis de l’Aigua (IDAEA) – 
Centre Superior de Investigacions Científiques (CSIC). Likewise, I would like to 
demonstrate my acknowledgements to Daniel Molins for all the teachings transmitted 
to me over these months, and all the help he gave me when writing this master 
project. Equally, I want to express a special thank you for all of those who worked with 
me at the laboratory.  

Furthermore, I want to show my gratitude to my family, friends and colleagues that, in 
one way or another, supported and allowed me to achieve my objectives and helped 
me throughout this journey of my life. 

 
 



  

 
 



INDEX 
 

ACRONYMN LIST ......................................................................................................................................................... I 

FIGURE LIST .............................................................................................................................................................. III 

TABLES LIST ............................................................................................................................................................... V 

1. INTRODUCTION ................................................................................................................................................... 15 

1.1 Ecosystems and water contamination .......................................................................................................... 15 

1.2 Personal-care products (PCPs) ...................................................................................................................... 17 

     1.2.1 General considerations ......................................................................................................................... 17 

     1.2.2 Properties and functional classes of PCPs ............................................................................................. 18 

     1.2.3 Effects of PCPs on receiving environments ........................................................................................... 20 

     1.2.4 Occurrence of PCPs in environmental waters ....................................................................................... 21 

1.3 UV filters ....................................................................................................................................................... 22 

     1.3.1. General considerations ........................................................................................................................ 22 

     1.3.2. Families of UV filters and their physico-chemical properties ............................................................... 23 

     1.3.3 Legislation and regulations ................................................................................................................... 30 

     1.3.5 Ecotoxicological considerations ............................................................................................................ 34 

     1.3.6 Analytical methods for UV filters determination .................................................................................. 36 

     1.3.7 Occurrence of UV filters in the environment ........................................................................................ 40 

2. OBJECTIVES .......................................................................................................................................................... 45 

3. CASE STUDY DESCRIPTION - Barcelona ............................................................................................................... 46 

4. EXPERIMENTAL DETERMINATION OF UV FILTERS IN ENVIRONMENTAL SAMPLES ............................................. 51 

4.1. Selected UV filter compounds ..................................................................................................................... 51 

4.2. Reagents, materials and instrumentation ................................................................................................... 51 

4.3. Sampling and sample pretreatment ............................................................................................................ 52 

     4.3.1. Llobregat and Besòs sampling campaign ............................................................................................. 53 

4.4. Sample extraction and purification ............................................................................................................. 55 

4.5. Analytical method of determination ........................................................................................................... 55 

     4.5.1. Water samples ..................................................................................................................................... 56 

     4.5.2. Suspended particulate matter samples ............................................................................................... 58 

4.6. SRM conditions / Methods performance .................................................................................................... 59 

5. RESULTS AND DISCUSSION .................................................................................................................................. 63 

6. CONCLUSION ....................................................................................................................................................... 78 

7. REFERENCES ........................................................................................................................................................ 80 

ANNEX 1 – Study Case: Barcelona ........................................................................................................................... 89 

ANNEX 2 – Llobregat and Besòs sampling ............................................................................................................... 90 

ANNEX 3 – Tables of environmental risk assessment.............................................................................................. 92 

 

 
 



ACRONYMN LIST 

AMB – Barcelona’s Metropolitan Area (Área metropolitana de Barcelona) 

CSIC - Consejo Superior de Investigaciones Científicas 

DDT - dichlorodiphenyltrichloroethane 

EDAR – estación de tratamiento de aguas residuales 

EPA – Environmental Protection Agency  

ESI – electrospray ionization 

EU – European Union 

EWW –effluent wastewater 

FIA – flow injection analysis 

FDA – United States Food and Drugs Administration 

GC – gas chromatography 

HPLC – high performance liquid chromatography 

IDAEA - Instituto de Diagnóstico Ambiental y Estudios del Agua 

ILOD – instrumental limit of detection 

ILOQ – instrumental limit of quantification 

IWW – influent wastewater 

Kow – octanol-water partition coefficient 

LC –liquid chromatography 

LC50 – lethal concentration (50%) 

LLE – liquid-liquid extraction 

MBR – membrane filtration treatment 

MLOD – method limit of detection 

MLOQ – method limit of quantification 

MS – mass spectrometry 

MS/MS – Tadem mass spectrometry 

PCB - polychlorinated biphenyl 

PCP – personal-care product 

PLE - pressurized liquid extraction 

RE% - removal rate 

RSD – relative standard deviation  

RW – river water 

S/N - Signal-to-noise ratio 

SPE – solid phase extraction 

I 



SPF – Sun protection factor 

SRM - selected reaction monitoring  

UNEP – United Nations Environmental Program 

US – United Sates 

UV - ultraviolet 

VTG - vitellogenin 

WWTP – waste water treatment plant 

  

II 



FIGURE LIST 

Figure 1 –Entry pathways of UV filters into environmental waters. Adapted from Pestotnik et 
al., 2014. ...................................................................................................................................... 40 

Figure 2 - Representation of the Llobregat River and its tributaries, Anoia and Cardaner Rivers. 
Adapted from Rodríguez, 2001.. ................................................................................................. 47 

Figure 3 - Representation of the Besòs River and its tributaries. ............................................... 48 

Figure 4 –Distribution of in-service WWTPs over the Llobregat-Foix and Tordera-Besòs basins. 
Adapted from ACA, 2012. ........................................................................................................... 49 

Figure 5 - Sample sites along the Llobregat River basin. (Orange represents influent and 
effluent WWTP samples and blue river samples). ...................................................................... 54 

Figure 6– Sample sites along the Besòs River basin. (Orange represents influent and effluent 
WWTP samples and blue river samples). .................................................................................... 54 

Figure 7 - Reconstructed chromatogram of a river water sample (S10) in Riera de Rubí 
tributary. ..................................................................................................................................... 65 

Figure 8 - Reconstructed chromatogram of a influent WWTP water sample (S6I) at the Sabadell 
WWTP. ......................................................................................................................................... 65 

Figure 9 - Reconstructed chromatogram of a effluent WWTP water sample (S6E) at the 
Sabadell WWTP. .......................................................................................................................... 65 

Figure 10 - Total concentration (in river samples) for each studied UV filter in the Besòs and 
Llobregat River basins. ................................................................................................................ 66 

Figure 11 –Total concentration of UV filters in solid phase influent wastewater samples for 
each studied WWTP. ................................................................................................................... 68 

Figure 12 –Total removal rates (RE%) for the target UV filters in the six studied wastewater 
treatment facilities. ..................................................................................................................... 71 

Figure 13 – Hazardous of acute toxicity for BP3, 4MBC, BZT and MeBZT for Daphnia magna, 
Daphnia galeata and Vibrio fischer in river water samples. ....................................................... 76 

Figure 14 – Hazardous of acute toxicity BP3, 4MBC, BZT and MeBZT for Daphnia magna, 
Daphnia galeata and Vibrio fischer in influent wastewater samples. ........................................ 76 

Figure 15 - Hazardous of acute toxicity BP3, 4MBC, BZT and MeBZT for Daphnia magna, 
Daphnia galeata and Vibrio fischer in effluent wastewater samples. ........................................ 76 

Figure 16 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales 
promelas and Oncorhynchus mykiss in river water samples. ..................................................... 77 

Figure 17 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales 
promelas and Oncorhynchus mykiss in influent wastewater samples. ....................................... 77 

Figure 18 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales 
promelas and Oncorhynchus mykiss in effluent wastewater samples. ...................................... 77 

Figure 19 – Map of the surrounding metropolitan area of the city of Barcelona. Adapted 
Generalitat de Catalunya, Departament de Territori i Sostenibilitat, 2013. ............................... 89 

III 



Figure 20 – Spatial distribution of samples collected in the Llobregat and Besòs Basin’s in 
13/02/2014. Elaborated using the spatial tools of GoogleTM earth. ........................................... 90 

Figure 21 – Sampling material ready to leave the laboratory. .................................................... 91 

Figure 22 – Sample collection over the Llobregat river near St. Feliu de Llobregat. .................. 91 

Figure 23 - Sample collection over the Llobregat river near St. Feliu de Llobregat. ................... 91 

Figure 24 – WWTP sample collection over the St. Feliu de Llobregat treatment plant. ............. 91 

Figure 25 – Sample collection over the Riera de Rubí tributary river. ........................................ 91 
Figure 26 - Sample collection. ..................................................................................................... 91 
  

IV 



TABLES LIST 

Table 1- Physico-chemical properties of the most important families of UV filters. .................. 25 

Table 2 - UV filter concentration limits (%) for the most commonly used compounds in 
Australia, EU, Japan and USA. ..................................................................................................... 31 

Table 3 - Acute toxicity for some UV filter compounds. ............................................................. 35 

Table 4 - Chronic toxicity for some UV filter compounds. .......................................................... 35 

Table 5 - General procedures for the analysis of PCPs in aqueous and solid environmental 
samples. ...................................................................................................................................... 36 

Table 6 - Analytical methods for UV filters in environmental sample matrices. ........................ 38 

Table 7 - Occurrence of UV filters in environmental waters (rivers, lakes, sea, swimming pools 
and WWTPs). ............................................................................................................................... 42 

Table 8- Occurrence of UV filters in environmental solid matrices (Sludge, Sediments and 
Biota). .......................................................................................................................................... 44 

Table 9 - Characteristics of the selected WWTPs. ....................................................................... 50 

Table 10 - List of UV filter compounds to be studied. ................................................................. 51 

Table 11 - Description of the water samples from the 13/02/2014 field campaign................... 53 

Table 12 - SRM experimental conditions used in the determination of UV filters. .................... 59 

Table 13 - Instrumental quality parameters of the HPLC-ESI-MS/MS in water samples. ........... 60 

Table 14 - Performance of the HPLC-ESI-MS/MS developed method for the analysis of UV 
filters in water samples. .............................................................................................................. 61 

Table 15 - Instrumental quality parameters and performance of the HPLC-MS/MS developed 
method for the analysis of UV filters in suspended particulate matter. .................................... 62 

Table 16 - Concentration of the studied UV filters in water samples (ng L-1). ............................ 63 

Table 17 - Concentration of the studied UV filters in suspended particulate matter (ng g-1). ... 67 

Table 18 - Quantity of suspended particulate matter filtered per sample. ................................ 68 

Table 19 - Table 19- Removal rates of UV filters in the selected WWTP (%). ............................. 69 

Table 20 - Hazard Quotients of acute toxicity for Daphnia magna, Daphnia galeata and Vibrio 
fischeri (river water). ................................................................................................................... 92 

Table 21 - Hazard Quotients of chronic toxicity for Pimephales promelas and Oncorhynchus 
mykiss (river water). .................................................................................................................... 92 

Table 22 -  Hazard Quotients of acute toxicity for Daphnia magna, Daphnia galeata and Vibrio 
fischeri (influent and effluent wastewater). ............................................................................... 93 

Table 23 -  Hazard Quotients of chronic toxicity  for Pimephales promelas and Oncorhynchus 
mykiss (influent and effluent wastewater). ................................................................................ 93 

V 



 



1. INTRODUCTION 

1.1 Ecosystems and water contamination 

Until recent times, people have considered water as simple fluid to be used and 
wasted into the environment (Karr, 1995). But water is much more than a useful fluid; 
it is the key element of a complex cycle that comprises a full set of interactions 
between water in all of its states and the natural world. The water cycle embodies all 
the natural processes and flows providing the necessary goods and services for that 
support life on Earth. It is the perpetual recycle of water between the earth and the 
atmosphere (UNEP, 2008). The lack of perception of the value of water results with the 
compromising of the well-being of water bodies in general and the good functioning of 
the water cycle (Karr and Chu, 2000).  

Water shortage is considered one of the most important global challenges that we face 
recently. Its heterogeneous distribution, geographically and temporally, represents the 
most significant problem because many parts of the globe, arid or not, have their 
demand way exceed by water supply (Angrill et al., 2011). In addition, the problem of 
water scarcity is deeply related to the problem of water quality, due to the 
development of human activities, urbanization, industrialization and generalized 
contamination, the water quality as crumbled until the point of unsuitability for 
consumption (Sazakli et al., 2007). 

The quantity of high quality water taken out the environment is much exceeded by the 
polluted water discharged into the environment (Terpstra, 1998). The unregulated 
direct discharges of polluted water into water bodies (e.g. rivers, lakes, seas) have a 
direct impact on water quality (UNEP, 2011).  Being so, it is important to stress that 
water is considered the bloodstream of all ecosystems, sustaining their critical 
processes and functions, and ultimately maintaining live and keeping up their 
resilience to change (Costanza et al., 1997). 

UNEP (2011) defines an ecosystem as an ever changing complex of plants, animals, 
microorganisms and their surrounding non-living environment, here humans are also 
integrated. Ecosystems may differ in shape and size, being small as a pond or big as 
oceans. Some types of ecosystems are mountains, polar regions, forests and woods, 
drylands, inland waters, urban areas, islands or coastal areas (UNEP 2011) and they 
can range from a pristine condition (e.g., Antarctica) to an highly impacted state 
caused by human intervention (e.g., modern cities). More than 75% of Earth’s ice-free 
ecosystems present disturbance by human activities, resting around 11% of terrestrial 
surface that can be called wild (Ellis and Ramankutty, 2008). 
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Ecosystems are shaped by water flows; therefore water plays the most significant role 
of providing the decisive ecosystem services. Consequently, water quality levels and its 
exposition to contamination have high importance. Water systems in urban 
ecosystems are among the most vulnerable, due to the enormous environmental 
pressure caused by the large human ecological footprint (Angrill et al., 2011).  

An urban ecosystem is considered to be, the set of interactions between large human 
populations and the supporting infrastructures for their living, cities. An urban 
ecosystem includes not only the city itself, but a larger support area that can be 500-
1000 times larger than the city (Folke et al., 1997). Since humanity is considered a part 
of nature, cities can be regarded in a broader network of ecosystems, where most of 
its problems (e.g., contamination, lack of resources) are locally generated but have 
global impacts (Bolund and Hunhammar, 1999).  

In opposition, a little portion of Earth’s ecosystems, namely the most remote areas, 
rarely experience direct human influence. These remote ecosystems are defined by 
two main characteristics: distance from human activities and severe environmental 
conditions (e.g., Himalayas, Antarctica, or the Gobi Desert). Thus, remote ecosystems 
are a result of their own characteristics, representing most of the times, the last 
redoubts of the primitive pristine and non-contaminated Earth (Higgs and Roush, 
2011). In general, remote ecosystems have absent anthropic direct impacts, but are 
mostly vulnerable to diffuse impacts related to environmental changes and global 
contamination. Henceforth their high aesthetic, scientific and spiritual value attracts 
human interest that ultimately can reverse their remoteness condition.  

Generally speaking, one of the biggest challenges of our future will be the prevention 
and control of water degradation and contamination. Since the last century, the 
industrial production of chemicals has been deeply connected with the severe 
degradation of the environment. Moreover, the production of new chemical products, 
(e.g. fertilizers, pesticides, paints, pharmaceuticals, preservatives), represents a 
potential risk to the ecosystems health (including humans), due to the lack of 
knowledge of their fate, effects and toxicity, once discharged into the environment, 
and especially into aquatic ecosystems (Fatta-Kassinos et al., 2010). 
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1.2 Personal-care products (PCPs) 

1.2.1 General considerations 

The personal-care products (PCPs), along with other chemicals like pharmaceuticals 
and endocrine disruptors, are classified as emerging organic contaminants. These 
emerging contaminants are defined as pollutants that are found in the environment 
usually at very low concentrations, from µg L-1 to ng L-1, and may have important 
adverse environmental and health effects (Jiang et al., 2013) that are not yet 
regulated.  

Henceforth, personal-care products represent a diverse group of compounds that 
consist of consumer products intended for use directly in the human body, constituted 
by and active and inert ingredients used for cosmetic purposes (Jiang el al. 2013). 
Prescription and non-prescription pharmaceuticals are excluded of this group because 
of their intended design for physiological effects (Daughton and Ternes, 1999). Within 
the various PCPs that exist, the most relevant primary classes identified are UV filters, 
antimicrobials, preservatives, fragrances, insect repellents and siloxanes (Brausch and 
Rand, 2011; Pedrouzo et al., 2011). 

PCPs are constituted by active ingredients, bioactive chemicals, applied to the human 
body in large quantities. These active ingredients are then, washed-off from the body 
or are subject to metabolism in the human body, resulting in the excretion of 
metabolites and precursor compounds which can suffer further transformation in the 
receiving environment (Champagne, 2009). 

These substances have a relevant input flow into the environment. The quantities that 
enter the environment are particularly important because, in opposition to many other 
emerging contaminants, PCPs have an uncontrolled flow to the receiving environment, 
through activities like showering, bathing, spraying, and excretion and usage which 
end up avoiding the conventional treatment systems (Champagne, 2009). Altogether, 
PCPs that generally show low persistence in the environment, may present a potential 
as persistent contaminants (pseudopersistent), due to the replacement rates being in 
many cases overcoming transformation and removal rates (Daughton and Ternes, 
1999). 

The increasing global population and the water stress experienced all over the world 
are inducing great pressure on fresh water resources, especially due to contamination. 
Despite the cosmetic and personal-care industry having a value of US$ 130 billion and 
growths of more than 3% per year (ACNielsen Global Services, 2004) with annual 
productions exceeding 1x106 tones worldwide (Richardson et al., 2005), the interest 
for PCPs and its effects on natural environments only emerged on the last 25 years.  
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1.2.2 Properties and functional classes of PCPs 

PCPs include a wide array of compounds, metabolites and other transformation 
products. Generally, these compounds show important polarity and the majority have 
acidic or basic functional groups. They can be divided into 3 main groups of 
compounds: lipophilic (high Kow), neutral (non-ionic) and acidic (hydrophilic and ionic) 
(Carballa et al., 2005). PCPs are frequently classified by their use. The most important 
functional classes are: 

- UV filters: these compounds are used in a full range of sunscreens and cosmetics 
products (e.g. lipsticks, hair care products) and non-cosmetic products (e.g. 
plastics, paints, food containers, textiles). Their main function is to protect 
something against sun’s harmful UV radiation. There are two types of UV filters, 
inorganic and organic. Inorganic filters (e.g. TIO2, ZnO) are micropigments that 
reflect UV radiation, whereas organic filters absorb UV light. Organic filters 
include benzophenones, benzotriazoles, camphor derivatives, and salicylates, 
among other compounds that will be fully detailed later in this Master study. 

- Disinfectants: also known as antimicrobials are chemicals that kill and impede 
the growth of bacteria, viruses, fungi or protozoa. These kinds of compounds are 
generally found in soaps, deodorants, skin-care lotions, toothpastes, but also in 
clothes, plastics or other materials. The most commonly used agents are 
biphenyl ethers, like triclosan (TC) and triclocarban (TCC). Despite being safe for 
human use they might present acute toxicity for invertebrates, fishes, 
amphibians and plants, and are known to be endocrine disrupting compounds 
(McAvoy et al., 2002).  

- Preservatives: used to prevent the adulteration, oxidation and to increase the 
self-life of an extensive variety of products, synthetic preservatives are 
commonly found in soaps, pharmaceuticals, creams, lotions and food. Parabens 
(e.g. methylparaben, MPB) are the widely used compounds to preserve, because 
they have neutral pH, no odor or taste, and do not provoke decoloration or 
hardening (Pedrouzo et al., 2011). It is known that parabens have minimal risk to 
aquatic organisms; however some specific compounds (benzyl-, butyl- and 
propylparaben) can cause estrogenic disturbances (Dobbins et al., 2009). 

- Fragrances: also known as synthetic musks, these compounds are the base of the 
perfume/cosmetic industry because of their penetrating odor and fixative 
properties. Musks are used in a broad spectrum of fragranced consumer items, 
like deodorants, soaps, and detergents. The main compounds to be used of are 
nitro and polycyclic musks, being the first ones phased out in result of their 
persistency and toxicity in the environment (Daughton and Ternes, 1999).  
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- Insect repellents: repellents were developed to interfere with the insect ability to 
detect acid lactic on human skin. The most frequently used compound is N,N-
diethyl-m-toluamide (DEET). DEET is relatively persistent once released into 
aquatic environments, though it is less likely to accumulate in aquatic organisms. 
(Brausch and Rand, 2011) 

- Siloxanes: these silicone based compounds are a new group of PCPs classified by 
their structure and not by their use in the personal care industry. They are 
polymeric organic silicones, frequently used for its softener and moistener 
properties in antitranspirants, skin-care, sun-care and hair-care products 
(Pedrouzo et al. 2011). Siloxanes are expected to have toxic effects in aquatic 
environments, aggravated by the great quantities discharged through 
wastewater into the environment (Sparham et al., 2008). 
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1.2.3 Effects of PCPs on receiving environments 

Personal-care products have direct and indirect ways of entry the environment. 
Moreover, PCPs are not effectively removed by WWTPs, resulting in an aggravated 
discharge of these compounds, through effluents into the environment. It is assumed 
that the continuous release of PCPs into aquatic environments makes them behave as 
persistent compounds, pseudopersistent compounds that induce multigenerational 
exposure of living organisms to these compounds. Aquatic organisms are especially 
vulnerable to PCPs, given that they are captive within the receptive environment 
without the possibility of avoiding the continuous exposure (Daughton and Ternes, 
1999). 

The studied compounds combine three main characteristics that enhance their 
adverse effect in organisms in receiving environments. Daughton (2004) points out the 
following characteristics: 

1. structural stability (resulting in persistency or long environmental half-lives); 
2. lipophilicity, therefore passive crossing of cellular membranes (enhanced 

concentration and accumulation in lipids and fat, generating bioconcentration 
and bioaccumulation throughout the food chain); 

3. acute and chronic toxicity properties in target and non-target species. 

Personal-care products are expected to have important impacts on natural biotic 
communities, even if the ability to predict their adverse effect is currently limited (e.g. 
disinfectants, designed to kill and inhibit the growth of undesired microbial, cause 
unintended impacts on non-target organisms). Moreover, these compounds, their 
metabolites and other transformation products may interact with other chemical 
compounds present in the receiving environment aggravating the problem 
(Champagne, 2009).  

Ecotoxicological effects of PCPs have been even less studied their occurrence and 
distribution in the receiving environments. These compounds have well-known 
biochemical mechanisms of action, especially at the level of interaction with multiple 
non-therapeutic receptors, henceforth they are expected to have cumulative effects 
that can only be perceived when changes are irreversible. Some of the effects are 
diffused and ill-defined impairment, inhibition of enzyme systems, protein turnover, 
metabolism and cytotoxic repair, ultimately conducting to the weakness of fitness or 
degradation of tissues and organs, reducing growth, acceleration of aging, vulnerability 
of immunologic systems, defective reproduction and overall troubled survival 
(Daughton and Ternes, 1999; Rodil et al., 2008; Padhye et al. 2014). 
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1.2.4 Occurrence of PCPs in environmental waters 

PCPs are designed for human external use, therefore they are not intended to suffer 
metabolic alterations however, in most cases they are absorbed by the skin or hair and 
are ultimately excreted by the organism as either the parental compounds (unaltered) 
or their metabolites. As a result, large quantities of these compounds enter the 
environment, throughout direct run-off (e.g., showers, swimming in beach, etc.) 
and/or indirectly though the wastewater treatment plants (WWTPs) that generally are 
incapable of eliminating them (Brausch and Rand, 2011). 

Conventional water treatment systems have shown insufficient capability to remove 
PCPs from wastewater, requiring advanced oxidation processes, activated carbon or 
membrane filtration treatments (MBRs) for improved elimination (Ternes et al., 2002), 
moreover the most efficient mechanisms rely on biodegradation processes (e.g., 
oxidation or hydrolysis) or sorption on sludge (e.g., hydrophobic or electrostatic 
interactions) (Pedrouzo et al., 2011). Effluents from WWTPs show in many cases, a 
wide variety of PCPs that will end up being discharged into superficial waters. 

Swimming and outdoor bathing activities, storm waters, sewer and landfill run-offs and 
other direct discharges contribute for the direct entry of PCPs into surface and 
ultimately into ground waters without any kind of treatment. The concern about 
surface waters contaminated with PCPs becomes more relevant when reclaimed water 
uses turn into drinking water supply, as expected as a consequence of population 
growth and the increased water stress in arid regions (Loraine and Pettigrove, 2006). 
On balance, PCPs are non-degraded and hardly treatable contaminants that enter the 
water cycle and might end on drinking water (with unknown effects on humans), 
perpetuating their persistency within the water cycle (Champagne, 2009). 

Besides that, PCPs can also enter the environment via solid residues derived from 
disposal of solid wastes, unused products or agricultural applications. Once disposed 
these solid residues can suffer leachate and run-off processes that will drag these 
substances into surface and ground waters. 
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1.3 UV filters 

1.3.1. General considerations 

UV filters comprise a large group of emerging contaminants with a wide application in 
personal-care products. These compounds are intended to protect the human body 
and other material objects from sun’s harmful ultraviolet radiation known as UVA and 
UVB (290-400 nm wavelength range) (Serpone et al., 2007). Sun filters have an 
important relevance nowadays because of the growing awareness about human 
diseases related to suns exposure. UNEP 2006, points out some of the most serious 
problems caused by sun exposure: skin cancer, cataracts, suppression of the immune 
system and premature aging of the skin.  

UV radiation, but specially UVB radiation (with shorter wavelength), may be harmful to 
living cells. The radiation is absorbed by the living tissue surface and changes the shape 
of DNA molecules. The defective molecules will no longer function properly and might 
generate permanent damages to the living organism. The prolonged or exaggerated 
sun exposure outcomes the lack of ability of the body to repair the damaged cells 
(NASA, 2001). As a consequence of this, UV filters are being largely applied by modern 
societies as an attempt of protection and prevention. FDA recommends the application 
of a minimum of 2mg of sunscreen per cm2 of skin. 

In addition, the progressive destruction of the ozone layer (earth’s protection against 
UV radiation) and the long periods of sun exposure (e.g. beach bathing and general 
outdoor activities) result with the application of large quantities of UV protective 
screens that ultimately will end up in the receiving environments, specifically in aquatic 
environments, where their behavior, fate and effects is yet to be well documented 
(Pestotnik et al., 2014). 

UV filters are active ingredients of many different kinds of personal-care products that 
protect the human body from radiation, some examples are sunscreens, skin creams, 
hair-care products, lipsticks and all kinds of cosmetics. Furthermore, these ingredients 
are likely to be found in several plastic products, like building materials, car plastics, 
paints, waxes, sports equipment or food packing plastics with the intention of 
preventing the deterioration and yellowing of polymers and pigments (Gago-Ferrero et 
al., 2013b).  

The volume of production of these compounds is yet to be unveiled or fully 
documented. Mundial production of UV filters is expected to be exceeding the 103 
tons per year, with sunscreen sales being higher than half a billion dollars in 2005 
(Shaath, 2005). ACNielsen Global Services (2004), documents a 5% growth for UV 
filters in relation to the total growth in value for the personal-care industry. More 
importantly it shows that the sunscreens usage is booming in developing countries 
where 15% growths were registered in the last decade. 
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All things considered, the study of UV filters and moreover their behavior, occurrence 
and effects in receiving environments becomes of high relevance. The large quantities 
of these compounds that enter aquatic environments are concerning the scientific 
community. Actually, there is a lack of sensitive analysis methods for these compounds 
and techniques need to be improved to evaluate their potential environmental 
damage. Many UV filters, are expected to bioaccumulate and cause negative 
consequences to aquatic biota, as well as to pass through the food chain due to their 
lipophilic properties. 

1.3.2. Families of UV filters and their physico-chemical properties 

UV filters are divided into two big groups related to their chemical nature, organic and 
inorganic. Being so: 

- Chemical organic filters are designed to absorb the UV radiation by blocking UVA 
(e.g. benzophenones or dibenzoylmethanes) and UVB (e.g. para-aminobenzoic 
acid (PABA) and camphor derivatives) irradiation. In general, organic filters are 
composed by a mixture of several different active ingredients that allow the 
product to reach the SPF (sun protection factor) required by legislation (Díaz-
Cruz et al., 2008). Organic filters, in comparison to the physical ones are cheaper 
to produce and have a better commercial acceptance, but their ability to 
penetrate human skin is associated with allergic reactions and transformations 
within the body. Many studies have shown their occurrence in different human  
fluids, such as breast milk, semen and urine (Sarveiya et al., 2004; Ye et al., 2005; 
Kawaguchi et al., 2008; León et al., 2010; Schlumf et al., 2010; Kunisue et al., 
2012). 
 

- Physical inorganic filters are mineral sunscreens that reflect/block the entire UV 
range through their reflection and scattering properties. Metal-oxide compounds 
can easily be found in sunscreens, foundations, powders and eye shadows. TiO, 
ZnO, alumina, ceria and zirconia are some of the inorganic particles that can be 
used for UV blocking, though they might tend to provoke changes in human skin 
becoming unsuitable for cosmetic use. Even though, inorganic filters when 
suitable are more likely to be used by sensitive people and children due to their 
reduced potential to irritate the skin (Serpone et al., 2007). 

UV filters comprise a large group of chemical families, with different features. Table 1, 
summarizes some physico-chemical properties of the most relevant sunscreens, 
including all the EU authorized compounds. In general, the compounds show the 
expected characteristics of PCPs, thus sharing a common feature of an aromatic 
moiety with a side-chain with different degrees of unsaturation (Díaz-Cruz et al., 2008). 
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Pestotnik et al. (2014), outlined some of the physico-chemical properties predicted 
from the chemical structures of UV filters, such as: 

- Solubility in water:  values of solubility vary from compound to compound, but in 
general it will be within the range of mg L-1. 

- Dissociation (pKa): this equilibrium constant defined the grade of dissociation of a 
compound at a certain pH. In general, these compounds are unlikely to dissociate 
at environmental pH, between 6 and 7, resulting in increased aqueous mobility, 
since their functional groups will not dissociate. 

- Octanol-water partition coefficient (Kow): this coefficient expresses the ratio of 
the concentration of a chemical in octanol (surrogate for natural organic matter) 
and water at equilibrium at a specific temperature. Compounds with log Kow <1 
are hydrophilic and will distribute into the water phase, on the other hand, high 
log Kow compounds will bind to organic matter, sediments or fatty tissues of 
biota. In general, as shown in Table 3, UV filters have high values of Kow, which 
makes them lipophilic compounds that are very likely to bind fat tissues or 
sediments. 

- Volatility: UV filters have relatively low values of Henry’s law constant, 10-6 to 10-

8 atm m3 mol-1, fact that difficult the volatilization of the compounds from moist, 
dry soil or water surfaces. Usually UV filters are considered non-volatile. 

- Absorption maximum: UV filters will absorb different ranges of sun’s radiation 
depending on their molecular structure. Commonly, UV filters absorb light 
between 240 and 326 nm wavelengths, but most of the light will be absorbed 
between 280 and 310 nm.
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Table 1- Physico-chemical properties of the most important families of UV filters. 

Physico-chemical properties 

Family INCI Nomenclature a USAN b  CAS no. EU ref. 
no. Structure MW (g mol-1) Log Kow 

c Solubility              
(g L−1) d 

Benzophenones 

   
 

  

   

 

benzophenone-1 (BP1) - 131-56-6 - 

 

214.22 3.15 0.39 

 

benzophenone-2 (BP2) - 131-55-5 - 
 

246.22 2.78 0.98 

 

benzophenone-3 (BP3) Oxybenzone 131-57-7 4  

 
 

228.24 3.79 0.21 

 

benzophenone-4 (BP4) Sulisobenzone  4065-45-6 22 

 

308.31 0.88 0.65 

 

4-hydroxybenzophenone (4HB) - 1137-42-4  - 

 

198.20 2.92 0.41 

 

4,4 -dihydroxybenzophenone (4DHB) - 611-99-4 - 

 

214.22 2.19 0.60 

Benzotriazoles 

  

drometrizole trisiloxane (DRT) - 2440-22-4 16 

  

225.25 9.79 1.3x10-5 
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(continued) 

Family INCI Nomenclature a USAN b  CAS no. EU ref. 
no. Structure MW (g mol-1) Log Kow 

c Solubility              
(g L−1) d 

Benzimidazole derivatives 

 

methylene bis-benzotriazolyl 
tetramethylbutylphenol (MBP) 

Bisoctrizole 103597-45-1 23 

 

658.87 14.35 3.0x10-8 

 

phenylbenzimidazole sulfonic acid 
(PMDSA) 

Ensulizole 27503-81-7  
6 

 

 

274.30 0.01 0.26 

 

disodium phenyl dibenzimidazole 
tetrasulfonate (DPDT) 

Bisdisulizole 
Disodium 

180898-37-7 24 

 

674.60 - - 

Ciannamates 

 

ethylhexyl methoxycinnamate (EHMC) Octinoxate 5466-77-3  
12 

 

 

290.40 5.80 0.15 

 

isoamyl p-methoxycinnamate (IMC) Amiloxate 71617-10-2 14 

 

248.32 4.06 0.06 

Camphor Derivatives 

 

camphor benzalkonium methosulfate 
(CBM) 

- 52793-97-2 2 
 

    409.55 0.28 - 

 

terephthalylidene dicamphor sulfonic 
acid (PDSA) 

Ecamsule 92761-26-7 7 
 

562.69 1.35 0.01 

  

benzylidene camphor sulfonic acid 
(BCSA) 

- 56039-58-8 9 

  

320.40 2.74 0.04 
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(continued) 

Family INCI Nomenclature a USAN b  CAS no. EU ref. 
no. Structure MW (g mol-1) Log Kow 

c Solubility              
(g L−1) d 

Camphor Derivatives (continuation) 

 

polyacrylaminomethyl benzylidene 
camphor (PCB) 

- 113783-61-2 11 
 

- - - 

 

4-methylbenzylidene camphor (4MBC)  Enzacamene 36861-47-9 18 
 

254.37 4.95 5.1x10-3 

 

3-benzylidene camphor (3BC)  - 15087-24-8 19 

 

240.34 4.49 9.9x10-3 

Dybenzoyl Methane derivatives 

 

butyl methoxydibenzoyl methane (BM-
DBM) 

Avobenzone 70356-09-1 8  

 
 

310.39 2.41 0.04 

 

diethylamino hydroxybenzoyl hexyl 
benzoate (DHHB) 

- 302776-68-7 28 

 

397.51 6.93 9.5x10-4 

p-Aminobenzoic acid and derivatives 

 

4-p-aminobenzonic acid (PABA) PABA 150-13-0 1 

 

137.14 0.83 915 

  

Ethyl-PABA (EtPABA) - 94-09-7 - 

 

165.19 1.86 1.31 
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(continued) 

Family INCI Nomenclature a USAN b  CAS no. EU ref. 
no. Structure MW (g mol-1) Log Kow 

c Solubility              
(g L−1) d 

p-Aminobenzoic acid and derivatives (continuation) 

 

ethoxylated ethyl 4-aminobenzoate 
(PEG-25PABA) 

- 113010-52-9 13 

 

277.41 - - 

  

ethylhexyldimethyl PABA (OD-PABA) Padimate O 21245-02-3 21 

 

277.40 5.41c 4.7x10-3 

Salicylates 

 

homomenthyl salicylate (HMS) Homosalate 118-56-9 3 

 

262.35 6.16 0.02 

  

ethylhexyl salicylate (EHS) Octisalate 118-60-5 20 

  

250.34 5.77 0.03 

Triazines 

 

ethylhexyl triazone (OT) Octyltriazone  88122-99-0  
15 

 

 

826.10 15.53 - 

 

diethylhexyl butamido triazone (DBT) Iscotrizinol 154702-15-5  
17 

 

 

765.98 11.90 4.6x10-7 

  

bis-ethylhexyloxyphenol 
methoxyphenyl triazine (EMT) 

Bemotrizinol 187393-00-6 25 

 

627.81 13.89 4.9x10-8 
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(continued) 

Family INCI Nomenclature a USAN b  CAS no. EU ref. 
no. Structure MW (g mol-1) Log Kow 

c Solubility              
(g L−1) d 

Others          
 

      

 

octocrylene (OC) Octocrylene 6197-30-4 10 

 

361.49 7.35 2.0x10-4 

 

polysilicone-15 (P-15) - 308071-69-4  
26 

 

 

5987 e - 0.1x10-3 e 

 

titanium dioxide (TiO2) Titanium 
Dioxide 

13463-67-7  27 

 

79.90 f not 
applicable f 

insoluble f 

 

1-H-benzotriazole (BZT) - 95-14-7  

 

119.12  1.23 g 20 g 

  

5-Me-1-H-benzotriazole (MeBZT) - 136-85-6   

  

133.15 1.80 g 5 g 

Adapted from Daughton and Ternes, 1999; Díaz-Cruz et al., 2008; Gago-Ferrero et al., 2012; BASF Sunscreen Simulator, 2013. 
a INCI (International Nomenclature for Cosmetic Ingredient) elaborated by COLIPA 
b United States Adopted Names 
c Calculated by use of Advanced Chemistry Development (ACD/Labs) Software V11.02 
d in water at 25°C 
e SCCS - Opinion on Polysilicone-15  (http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_024.pdf) 
f SCCS - Opinion on Titanium Dioxide (nano form) (http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_136.pdf) 
g Molins-Delgado et al., 2014 
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1.3.3 Legislation and regulations 

UV filters are considered to be potentially environmental hazardous chemicals. The 
application of these compounds to cosmetic and personal-care products require 
regulatory legislation that sets the maximum concentration of the active ingredient to 
be applied to the ready to use product (Sobek et al., 2013). 

The EU considers UV filters of sunscreen products for human use as cosmetic products 
and regulates them by the Cosmetic Products Regulation (CPR, EC/1223/2009) 
enforced in July 2013. The Cosmetic Products Regulation replaced the old Cosmetic 
Directive (CD, EEC 76/768; European Economic Community, 1976). Both the CD and 
the new CPR list 28 UV filter compounds approved to be used in sunscreen products or 
in industrial applications. The 28 compounds list includes 27 organic filters and 1 
inorganic filter and sets the maximum concentration of each compound allowed to be 
used in cosmetics and sun filters (Annex VI of CPR). The new regulation, CPR, is 
expected to have a stronger enforcement into the EU member states. Being more 
detailed in specification avoids different readings and interpretations by the different 
states (Sobek et al., 2013). 

In Spain’s specific case, EU cosmetic regulations have been applied directly to national 
law without changes. The Real Decreto 1599/1997, de 17 de octubre sobre productos 
cosmeticos and all of its further modifications (Real Decreto 2131/2004, Real Decreto 
209/2005 and Real Decreto 944/2010) have been adapting to Spanish national 
scenario all EU cosmetic and UV filters specifications.  

Elsewhere in the world, cosmetic regulations and maximum concentration values for 
UV filters active ingredients exist as a reflection of the global awareness for these 
substances.  In the United States (FDA, 2013) 14 compounds are allowed, in Japan the 
Japanese Standards for Cosmetics (JSC, 2000), permits the use of 22 compounds and 
the Australian Regulatory Guidelines for Sunscreens (ARGS, 2012) allow 29 chemicals. It 
is important to note that concentration levels present important divergences from 
country to country. 

The following Table 2 comprises the 29 UV filters compounds that are allowed by the 
EU Cosmetic Products Regulation and some the world’s maximum concentration of UV 
filters allowed to be used in cosmetics. 
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Table 2 - UV filter concentration limits (%) for the most commonly used compounds in Australia, EU, Japan and USA. 

UV filter concentration limits (%) 

Family INCI Nomenclature a CAS no. EU ref. 
no. 

Concentration Limits (%) 

Australia EU Japan USA 
Benzophenones        

 benzophenone-3 (BP3) 131-57-7 4 10 10 5 6 

 benzophenone-4 (BP4) 4065-45-6 22 10 5 10 10 

Benzotriazoles         
 drometrizole trisiloxane (DRT) 2440-22-4 16 15 15 15 - 

  methylene bis-benzotriazolyl 
tetramethylbutylphenol (MBP) 

103597-45-1 23 10 10 10 c 

Benzimidazole derivatives      

 phenylbenzimidazole sulfonic acid (PMDSA) 27503-81-7 6 4 8 3 4 

 disodium phenyl dibenzimidazole 
tetrasulfonate (DPDT) 

180898-37-7 24 10 10 - - 

Ciannamates         

 ethylhexyl methoxycinnamate (EHMC) 5466-77-3 12 10 - 20 7.5 

 isoamyl p-methoxycinnamate (IMC) 71617-10-2 14 10 10  10 b c 

Camphor Derivatives         

 camphor benzalkonium methosulfate (CBM) 52793-97-2 2 6 
 

6 - - 

 terephthalylidene dicamphor sulfonic acid 
(PDSA) 

92761-26-7 7 10 10 10 c 

 benzylidene camphor sulfonic acid (BCSA) 56039-58-8 9 6 6 - - 

 polyacrylaminomethyl benzylidene camphor 
(PCB) 

113783-61-2 11 - 6 - - 

 4-methylbenzylidene camphor (4MBC)  36861-47-9 18 4 4 - c 

 3-benzylidene camphor (3BC)  15087-24-8 19 - 2 - - 

Dybenzoyl Methane derivatives         

 butyl methoxydibenzoyl methane (BM-DBM) 70356-09-1 8 5 5 10 3 

 diethylamino hydroxybenzoyl hexyl benzoate 
(DHHB) 

302776-68-7 28 10 10 10 - 

p-Aminobenzoic acid and derivatives         
 4-p-aminobenzonic acid (PABA) 150-13-0 1 - prohibit - 10 

 ethoxylated ethyl 4-aminobenzoate (PEG-
25PABA) 

113010-52-9 13 10 10 - - 

  ethylhexyldimethyl PABA (OD-PABA) 21245-02-3 21 8 8 10 8 

Salicylates         
 homomenthyl salicylate (HMS) 118-56-9 3 15 10 10 15 

  ethylhexyl salicylate (EHS) 118-60-5 20 5 5 10 5 

Triazines         

 ethylhexyl triazone (OT) 88122-99-0 15 5 5 5 c 

 diethylhexyl butamido triazone (DBT) 154702-15-5 17 - 10 - - 

  bis-ethylhexyloxyphenol methoxyphenyl 
triazine (EMT) 

187393-00-6 25 10 10 3 c 

Others               
 octocrylene (OC) 6197-30-4 10 10 10 10 10 

 zinc oxide (ZnO) 1314-13-2 - no limit - - 25 

 polysilicone-15 (P-15) 308071-69-4 26 10 10 - - 

  titanium dioxide (TiO2) 13463-67-7  27 25 25 no limit 25 

 Adapted from Annex VI of the CPR (EC/1223/2009); BASF, 2013; FDA, 2013; JSC, 2000; ARGS, 2012; 
a INCI (International Nomenclature for Cosmetic Ingredient) elaborated by COLIPA 
b It indicates the compound containing 72.0 - 79.0% of isopropyl p-methoxycinnamate,  15.0 - 21.0% of ethyl 2,4-diisopropyl 
cinnamate and 3.0 - 9.0% of methyl 2,4-diisopropyl cinnamate. 
c Time and Extent Application (TEA), yet to be approved by the FDA 
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1.3.4 Natural mechanisms of degradation, metabolites and other transformation 
products 

UV filter compounds are relatively stable when exposed to UV radiation, though it is 
proved that these substances may undergo degradation by natural mechanisms like 
photolysis, photoisomerization or by the reaction with other substances. UV filters are 
assumed to be photostable enough to avoid degradation. Nash and Tanner (2014), 
define photostability as the energy in form of protons that is absorbed by the 
sunscreen compound, resulting with the excitation of the molecule. The absorbed 
energy dissipates very rapidly in various forms (e.g. heat or energy), returning the 
molecule to its initial state without any transformation. This cycle is to be repeated all 
over again. Even though, it is known that even the most photostable compounds, 
under the right conditions, may photo-degrade. 

Regarding the natural mechanisms of degradation, photolysis is the most probable 
abiotic process to influence the fate of organic compounds in surface waters (Díaz-Cruz 
et al, 2008). This process produces the dissociation of the absorbing UV filter 
compound into free radicals (more reactive fragments). Two photolysis processes may 
occur simultaneously at the surface layer of aquatic systems: direct photolysis, when a 
compound absorbs UV radiation and undergoes degradation by the reaction with 
water constituents or by induced self-decomposition; indirect photolysis involving the 
photodegradation of UV filter compound by the presence of dissolved organic matter 
(DOM) that sensitize the transformation of organic compounds by the producing 
reactive photooxidants comprising reactive oxygen species (Díaz-Cruz et al, 2008; 
Pestotnik et al., 2014). Furthermore, the mixture of different UV filter compounds in a 
sunscreen renders a more complex photochemistry. The formulation combining 
different active agents boosts the formation of free radicals. Sayre et al. (2005) reports 
an important photolysis of the compound ethylhexyl methoxycinnamate (EHMC) when 
in presence of free radicals formed by the photodegradation of buthyl 
methoxydibenzoyl methane (BM-DBM), when both in the same sunscreen mixture. 

Photoisomerization processes may also take place in the transformation of these 
compounds. This process supposes structural changes within the molecules and 
between isomers (chemical bonds are not broken). Commercial UV filters are trans 
isomers that will change for the cis form once exposed to UV radiation. Changes in 
isomerization may not present any difference in the physico-chemical properties of the 
sunscreen compounds, but they are known to be the cause of less absorption of UV 
radiation provoking different biological behaviors and effects than expected (Díaz-Cruz 
et al, 2008; Santos et a., 2012). 
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Another transformation process of UV filter substances in aqueous media is based in 
their reaction with chlorine based disinfectants (e.g. chlorine gas, sodium and calcium 
hypochlorite, chlorine dioxide).  Some WWTPs and drinking-water treatment plants 
use chlorine to disinfect waters, alongside wide them, swimming pools also use 
chlorine as a disinfection resource. Chlorine added to water react with organic 
compounds like UV filters, yielding the production a variety of halogenated disinfection 
by-products of expected severe health effects. Swimming pools present so, an 
aggravated situation due to its exposure to larger quantities of UV filters and chlorine 
disinfectants, enabling the identification of more than 100 different disinfection by-
products (Santos et a., 2012). 

In essence, photo-unstable UV filter compounds that likely generate transformation 
products are to be concerned a greater risk for human health and the environment. In 
humans transformation products might manifest their adverse effects as skin 
irritations, photodermosis or photoallergic reactions mainly produced by the contact 
with photo-degraded products. Additionally, photo-unstable sunscreens raise the 
exposure to UV radiation leading to increment of sun related diseases and damages 
(Nash and Tanner, 2014).  
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1.3.5 Ecotoxicological considerations 

In virtude of the low water solubility of most UV filters, these substances are most 
likely to accumulate in biota fatty tissues, but also in sediments and sewage sludge. 
They tend to be stored at a faster rate than the ability of the organism to excrete or 
metabolize these compounds, causing bioaccumulation and biomagnification trough 
the food web. Gago-Ferrero et al. (2012), defines bioaccumulation as the net 
accumulation of chemical compounds by living organisms by exposure to 
contaminated water, food and suspended organic particles. Alongside with 
bioaccumulation occurs the biomagnification, where higher species in the food web 
consume low-level species that bioaccumulate all kind of contaminants increasing the 
problem exponentially trough the trophic levels. 

UV filters are well known to bioaccumulate in aquatic organisms, as a consequence of 
their greater exposition to these substances. Sun light filters characteristics (lipophility 
and stability) allow them to bioaccumulate in fishes at similar levels to PCBs and DDT 
(Daughton and Ternes, 1999). Moreover, these compounds have been found in fish 
tissues at concentrations up to 2 ppm (Nagtegaal et al., 1997) and bioaccumulation 
factors can raise to more than 5000 (21 µg kg-1 in whole fish vs 0.004 µg L-1 in 
water)(Hany and Nagel, 1995). The bioaccumulation factor is the ratio between a 
contaminant in an organism and the concentration in the ambient environment at a 
steady state (Arnot and Gobas, 2006). 

Ecotoxicological consequences for aquatic organisms remain vague due to the absence 
of specific studies on adequate species. In short-term contamination, UV filters do not 
present relevant acute toxicity to aquatic biota. Table 3, shows that Daphnia magna is 
much sensitive to 4MBC and EHMC, than to benzophenones, even though, the acute 
toxicity values are not comparable with the LC50 values of other PCPs (that are much 
more toxic) (Fent et al., 2010a). 

On the other hand, long-term exposure to sunscreen ingredients (chronic toxicity) has 
been the focus of several studies regarding these compounds.  Data contained in Table 
4 reveals that 3BC and 4MBC have greater chronic toxicity compared to 
benzophenones or EtPABA. The referred substances are proved to interfere with the 
reproductive system of benthic invertebrates and the vitellogenin production (VTG) 
and growth of fishes. Also, the conducted studies on fishes (Oncorhynchus mykiss and 
Pimephales promelas) have proven that many UV filters cause estrogenic effects and 
adversely affect fecundity and reduction.  

On the light of the intense use of cosmetic products that use these compounds and the 
propensity for them to easily bioaccumulate through exposed food chains, it becomes 
of higher concern their possible action as endocrine disruptors (Kaiser et al., 2012).  
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Table 3 - Acute toxicity for some UV filter compounds. 

Acute toxicity                                                                                                        

Compound Species Throphic 
group 

Endpoint 
(duration) LC50 (mg L-1) a References 

benzophenone-3  BP3 Daphnia magna Invert. 48 h immobility 1.90 Fent et al., 2010a 

benzophenone-4 BP4 Daphnia magna Invert. 48 h immobility 50 Fent et al., 2010a 

4-methylbenzylidiene 
camphor 

4MBC 
Daphnia magna Invert. 48 h immobility 0.56 Fent et al., 2010a 

3-ethyl-hexyl-4-trimethoxy 
cinnamate 

EHMC 
Daphnia magna Invert. 48 h immobility 0.29 Fent et al., 2011a 

1H-Benzotriazole BZT Daphnia magna Invert. 48 h immobility 107 Molins-Delgado et al., 
2014 

Daphnia galeata Invert. 48 h immobility 15.80 Molins-Delgado et al., 
2014 

Pimephales 
promelas Fish 48 h 65 Molins-Delgado et al., 

2014 
5-methyl-1-H-benzotriazole MeBZT Daphnia magna Invert. 48 h immobility 51.60 Molins-Delgado et al., 

2014 

Daphnia galeata Invert. 48 h immobility 8.58 Molins-Delgado et al., 
2014 

Pimephales 
promelas Fish 48 h 22 Molins-Delgado et al., 

2014 

Vibrio fischeri Bacteria microtox 8.70 Molins-Delgado et al., 
2014 

a Lethal concentration, 50% is the dose required to kill half the members of a tested population after a specified test duration. 

 
Table 4 - Chronic toxicity for some UV filter compounds. 

Chronic Toxicity 

Compound Species Throphic 
group 

Endpoint 
(duration) LOEC (µg L-1) b References 

benzophenone-1 BP1 Pimephales 
promelas Fish 14 d VTG a 4919.40 Inui et al., 2003 

Oncorhynchus 
mykiss Fish 14 d VTG, growth 4919 Kunz et al., 2006c 

benzophenone-2 BP2 Pimephales 
promelas Fish 14 d VTG 8782.90 Schmittet al., 2008 

Oncorhynchus 
mykiss Fish 14 d VTG, growth 8783 Kunz et al., 2006c 

benzophenone-3 BP3 Oncorhynchus 
mykiss Fish 14 d growth 3900 Kunz et al., 2006c 

 Oncorhynchus 
mykiss Fish 14 d VTG 749 Coronado et al., 

2008 
benzophenone-4 BP4 Oncorhynchus 

mykiss Fish 14 d growth 4897 Kunz et al., 2006c 

3-benzylidene camphor  3BC Potamopyrgus 
antipodarum 

Benthic 
Invert. 

56 d 
reproduction 

0.28 mg kg-1 
sediment 

Schmittet al., 2008 

Lumbriculus 
variegatus 

Benthic 
Invert. 

28 d 
reproduction 

6.47 mg kg-1 
sediment 

Schmittet al., 2008 

Pimephales 
promelas Fish 14 d VTG 435 Kunz et al., 2006a 

Oncorhynchus 
mykiss Fish 14 d  VTG, 

growth 453 Kunz et al., 2006c 

Xenopus laevis Amphibian 35 d 
methamorphosis no effect Kunz et al., 2006b 

4-methylbenzylidene 
camphor  

4MBC Potamopyrgus 
antipodarum 

Benthic 
Invert. 

56 d 
reproduction 

1.71 mg kg-1 
sediment 

Schmittet al., 2008 

Lumbriculus 
variegatus 

Benthic 
Invert. 

28 d 
reproduction 

22.30 mg kg-1 
sediment 

Schmittet al., 2008 

Oncorhynchus 
mykiss Fish 14 d growth 415 Kunz et al., 2006c 

4-p-aminobenzonic acid  EtPABA Pimephales 
promelas Fish 14 d VTG 4394 Fent et al., 2008a 

a Vitellogenin 
b Lowest-observed-effect concentration of a substance used in an aquatic toxicity test that has a significant adverse effect on the 
exposed population of test organisms. 
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1.3.6 Analytical methods for UV filters determination 

Personal-care products, where we include UV filter compounds, comprise a vast 
variety of chemical classes with distinct properties, requiring different methods of 
analysis. Since these compounds are found in the environment in such low levels (µg L-

1 or ng L-1), sensitive analytical methods are indispensable. Table 5 identifies the 
general procedures involved in environmental sample analysis of liquid and solid 
matrices of PCPs.  

Table 5 - General procedures for the analysis of PCPs in aqueous and solid environmental samples. 

General procedures for the analysis of PCPs 

Aqueous matrices                                                     
(leachates, surface waters, wastewaters) 

Solid matrices                                                            
(biosolids, sediments, sludges) 

Sample pretreatment 
Filtration with glass filter Gridding 
pH adjustment based on compound of interest Homogenization 
  Lyophilization 

Extraction (targeet compound-defined solvent) 
LLE MAE 
SPE PLE 

 Sohlet extraction 

 SPE (different absorbing materials) 
  SPME (different solid supports) 

Clean up (optional, SPE) 
Solvent exchange Solvent exchange 

Column chromatography (packing material target compound 
dependent) 

Column chromatography (packing material target compound 
dependent) 

     Alumina      Alumina 
     Carbon      Carbon 
     Florisil      Florisil 
     Modified silica gel      Modified silica gel 

Pre-concentration 
Rotary evaporation Rotary evaporation 
Vacuum evaporation Vacuum evaporation 
Drying with nitrogen gas Drying with nitrogen gas 

Analytical instrumentation (separation and detection) 
GC-MS GC-MS 
GC-MS/MS GC-MS/MS 
HPLC-DAD-MS HPLC-UVvis 
HPLC-FLD LC-MS 
HPLC-FLD/UV LC-MS/MS 
HPLC-UV  
LC-MS/MS   
 Adapted from Champagne, 2009. 
DAD-diode array detection; FLD-fluorescence detector; GC-gas chromatography; HPLC-high performance liquid chromatography; 
LC-liquid chromatography; LLE-liquid-liquid extraction; MAE -microwave assisted extraction; MS-mass spectrometry; PLE-
pressurized liquid extraction; SPE-solid phase extraction; SPME-solid phase micro extraction; UV-ultraviolet detector; UVvis- 
ultraviolet visible detector. 
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Extraction techniques are commonly used with the goals: i) isolation of the chemicals 
of interest from the matrix which contain them and; ii) concentration of analytes to a 
detectable level. The most frequently used extraction techniques are liquid-liquid 
extraction (LLE), solid phase extraction (SPE) and pressurized liquid extraction (PLE), as 
pointed out in Table 5. SPE is the preferred technique for aqueous samples, due to its 
satisfactory extraction and concentration of many compounds that differ in polarity 
and chemical properties. On the side of solid samples, PLE is reported to provide 
efficient and rapid extraction, because it operates under high pressure and 
temperature, allowing optimum results using small volumes of solvent. Moreover, the 
combination of multiple solvents permits the simultaneous extraction of various 
hydrophobicities (Xia et al., 2005). 

After extraction, the environmental sample may need a cleanup step, in order to 
remove interferences from the matrix. Packed columns (using adsorbing materials as 
modified silica, alumina or carbon) that fractionate the extract based on polarity are 
the most common procedures (Xia et al., 2005). Once without interferences, the 
samples are dried out and re-dissolved into small volumes of solvent for further 
instrumental analysis of the isolated target compounds. 

Finally, the treated samples with the concentrated compounds can be submitted to a 
variety of instrumental techniques that separate and detect PCPs in water or solid 
environmental matrixes. Liquid chromatography (LC) and gas chromatography (GC) 
coupled to mass spectrometry (MS) or tandem mass spectrometry (MS/MS) are within 
the most powerful and commonly used techniques due to their sensitivity and 
identification capability for personal-care compounds (Xia et al., 2005; Pedrouzo et al., 
2011).  

The analysis of UV filters in environmental samples is commonly performed by gas 
chromatography-mass spectrometry (GC-MS), process that follows a concentration 
step, mainly conducted by SPE or LLE (Gago-Ferrero et al., 2013a). The GC-MS achieves 
good detection limits but has a major drawback; it is limited to those substances that 
are volatile and present inconveniences in accuracy, precision and longer sample 
preparations. So, in the event of determination of several compounds simultaneously, 
the LC is the elected technique due to its capability to analyze a large range of 
polarities and acid-base properties (different physico-chemical properties). Moreover, 
the liquid chromatography-tandem mass spectrometry (LC-MS/MS) raises the ability to 
analyze UV filters transformation products (which are more polar). Alongside with the 
conventional procedures, techniques using ultra high performance liquid 
chromatography are becoming relevant when analyzing UV filters hence it allows 
increased analysis speed with enhanced sensitivity and selectivity (Gago-Ferrero et al., 
2013b). Table 6, lists the most common procedures for UV filters analysis. 
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Table 6 - Analytical methods for UV filters in environmental sample matrices. 

Analytical methods for UV filters  

Matrix Analytes Country Extraction 
Method Analitical method Reference 

River water 

BP1, BP2, BP3, BP4 UK SPE  UHPLC-MS/MS 
(QqQ) 

Kasprzyk-Hordern et al., 2008c 

BP3, BP4, BM-DBM, IMC, 4MBC, OC, OD-PABA Spain SPE LC-MS/MS (QqQ) Rodil et al., 2008 

BP3, HMS, 4MBC, OC, OD-PABA, EHMC Slovenia SPE GC-MSD Cuderman and Heath, 2007 

BP3, OC, OD-PABA Spain SPE UHPLC-MS/MS 
(QqQ) 

Pedrouzo et al., 2009 

BP1, BP3, BP10, 2OH-BP, 3OH-BP, 4OH-BP Japan SBSE  GC-TD-MS Kawaguchi et al., 2008a 

BP1, BP2, BP3, BP4 - SPE UHPLC-UV Kasprzyk-Hordern el al. 2008b 

BP3, EHMC, 4MBC, OC, EDB, EHMC Spain LLE GC-MS Gómez et al., 2009 

BP3, IMC, 4MBC, OC, EDB, EHMC Spain IL-SDME LC-UV Vidal et al., 2010 

BP1, BP2, BP3, BP4, 4DHB, 4MBC, PABA Spain SPE LC-MS/MS Gago-Ferrero et al., 2013a 

Sea Water 
PBSA, PDT, BP4, BP3, 4MBC, IMC, OC, OD-PABA, BM-DBM Spain SPE HPLC-ESI-MS/MS Rodil et al., 2008 

BP3, OMS, EHS, HMS, OC, OD-PABA Spain SBSE HPLC-ESI-MS/MS Magi et al., 2012 

Drinking water Benzophenones USA SPE GC-MS Loraine and Pettigrove., 2006 

River water and 
wastewater 

BP1, BP2, BP3, BP4, BP6, BP8 Spain SPE  LC-ESI- MS/MS 
(QqQ) 

Negreira et al., 2009a 

BP4, BP3, 4MBC, IMC, OC, OD-PABA, BM-DBM Spain SPE LC- MS/MS (QqQ) Rodil et al., 2008 

EHS, HMS, IMC, 4MBC, BP3, EHMC, OD-PABA, OC Germany SBSE TD-GC-MS Rodil and Moeder, 2007 

BP3, EHMC, 4MBC, OC Spain LLE GC-MS Gomes et al., 2009 

EHS, HMS, BP3, BP1, BP8 Spain SPME GC- MS/MS Negreira et al., 2009b 

BP3, OC, OD-PABA Spain SBSE LC- MS/MS Pedrouzo et al., 2010 

BP1, BP2, BP3, BP4, PBSA Germany SPE LC-MS/MS Wick et al., 2010 

Surface water and 
wastewater 

4MBC, PBSA, BP3, EHMC, OC, OD-PABA, BP4, IMC Spain SPE LC- MS/MS Rodil et al,. 2009 

BP1, BP2, BP3, BP4 Spain SPE LC- MS/MS (QqQ) Negreira et al., 2009a 

BP1, BP2, BP3, BP4, 4DHB, 4MBC, PABA Spain SPE LC-MS/MS Gago-Ferrero et al., 2013b 
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(continued)           

Matrix   Country Extraction 
Methods Analitical methods Reference 

Wastewater 

4MBC, OMC, OC, BP3 Norway SPE GC-MS  Langford and Thomas, 2008 

PMDSA, DHB, BP3, OC, OD-PABA Spain SPE  UHPLC- MS/MS 
(QqQ) 

Pedrouzo et al., 2009 

BP3 Spain SPE LC- MS/MS (QTrap) Rosal et al., 2010 

4MBC, BP3, OMC, OC, OT Spain - GC-MS/MS Cabeza et al., 2012 

BM-DBM, BP1, BP3, BP4, BP8, EHMC, EHS, HMS, IMC, 
4MBC, OC, OD-PABA Hong Kong SPE HPLC-ESI-MS/MS Tsui et al., 2014 

Sediment 
BP3, BP1, 4HB, 4DHB, 4MBC, EHMC, OD-PABA, OC Spain PLE UPLC-ESI-MS/MS Gago-Ferrero et al., 2011b 

BP3, BP2, BP1, 4HB, DHMB China SLE and 
SPE HPLC-ESI-MS/MS Zhang et al., 2011 

Sludge 

BP3, IMC, 4MBC, OC, BM-DBM, OD-PABA, OMS, EHS, HMS, 
DBT, EHT Belgium  PLE HPLC-APPI-MS/MS Rodil et al., 2009 

BP3, BP1, OC, OD-PABA USA PLE UPLC-ESI-MS/MS Nieto et al., 2009 

BP1, BP2, BP3, BP4, PBSA Germany PLE LC-MS/MS Wick et al., 2010 

BP3, BP2, BP1, 4HB, DHMB China SLE and 
SPE HPLC-ESI-MS/MS Zhang et al., 2011 

BP3, BP1, 4HB, 4DHB, 4MBC, EHMC, OD-PABA, OC Spain PLE UPLC-ESI-MS/MS Gago-Ferrero et al., 2011b 

Biota 

muscle fish 4MBC, BP3, EHMC, OC -  GPC HPLC-ESI-MS/MS Meinerling and Daniels, 2006 

whole fish BP4, 4DHB, BP1, BP2, Et-PABA Switzerland SLE HPLC-ESI-MS/MS Zenker et al., 2008 

fish, mussel BP4, BP3, 4MBC, EHMC Switzerland SLE HPLC-ESI-MS/MS Fent et al., 2010b 

APPI-atmospheric pressure photoionization;ESI-electron spray ionization;GC-gas chromatography;HPLC-high performance liquid chromatography;LC-liquid chromatography;LLE-liquid-liquid 
extraction;MS-mass spectometry; PLE-pressurized liquid extraction;QqQ-triple quadrupole;Qtrap-quadrupole ion trap;SPE-solid phase extraction;SPME-solid phase micro-extraction;UV-ultraviolet 
detector;UHPLC-ultra high performance liquid chromatography. 
2OH-BP-2-hydroxybenzophenone;3OH-BP-3-hydroxybenzophenone;4OH-BP-4-hydroxybenzophenone;EDB-2-ethylhexyl 4-dimethylaminobenzoate;BP1-benzophenone-1;BP2-benzophenone-2;BP3-
benzophenone-3;BP4-benzophenone-4;BP6-benzophenone-6;BP8-benzophenone-8;BP10-benzophenone-10;DBT-diethylhexyl butamido triazone;DHB-2,4-dihydroxybenzophenone;DHMB-2,2'-
dihydroxy-4-methoxybenzophenone;4HB-4-hydroxybenzophenone;4DHB-4,4-dihydroxybenzophenone;EtPABA-ethyl PABA;EHS-ethylhexyl salicylate;EHMC-ethylhexyl methoxycinnamate;EHS-
ethylhexyl salicylate;IMC-isoamyl p-methoxycinnamate;EHT-ethylhexyl triazone;HMS-homomenthyl salicylate;4MBC-4-methylbenzylidene camphor;BM-DBM-butyl methoxydibenzoyl methane;PMSA-
phenylbenzimidazole sulfonic acid;PDT-disodium phenyldibenzimidazole tetrasulfonate;OD-PABA-ethylhexyldimethyl PABA;OC-octocrylene;PBSA-2-phenylbenzimidazole-5-sulphonic acid. 
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1.3.7 Occurrence of UV filters in the environment 

UV filters along with other PCPs are continuously released into the receiving natural 
environments. Large quantities of cosmetics and other personal-care products that use 
UV filters as ingredients are mainly washed-off unaltered from human skin as result of 
bathing and showering activities, as Figure 1 illustrates. Additionally, these chemicals 
may partially penetrate human skin. Once in the kidneys there are metabolized and 
excreted along with urine or feces into the sewage system.  Either way, UV filter 
compounds will end up being discharged directly or indirectly (through the effluents of 
WWTPS) into environmental waters. 

The concern about UV filters relies in their lipophilic and stable properties that will 
allow them to accumulate in solid environmental matrices (sediment, sludge or fatty 
tissues from biota). Once discharged into the receiving environment, UV filters and 
metabolites may suffer alteration resulting in transformation products (Pestotnik et al., 
2014).  

 

Figure 1 –Entry pathways of UV filters into environmental waters. Adapted from Pestotnik et al., 2014. 

At the aquatic level, especially in surface waters (e.g. rivers, lakes or sea water), the 
concentrations of UV filters vary throughout the year. During the summer season, 
when UV radiation is stronger, the use of protective sunscreens is larger, resulting in 
relevantly higher concentrations of these compounds in all types of environmental 
waters. Moreover, recreational waters (e.g. coastal waters, lakes, rivers and swimming 
pools) are definitely more exposed to wash-off processes revealing aggravated levels 
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of contamination. Nevertheless, in the cold months of the year, when the sun in less 
harmful, the occurrence of UV filters is still relevant because of the general use of 
these compounds in personal-care products that end up discharged into surface 
waters.  

WWTPs represent an important source of entry of UV filters into the environment as a 
consequence of their deficient capability to eliminate these compounds. The WWTP 
input on water UV filter concentration values can reach considerable high values, as 
high as 19000 ng/L (Balmer et al., 2005), reflecting the quantities of these compounds 
that are washed-off into the sewage system. Different compounds will vary in 
concentration depending on their Kow, more hydrophilic compounds like 
benzophenone-4 (BP4) will have much higher concentration levels in water (Rodil et 
al., 2008; Kasprzyk-Hordern et al., 2008; Negreira et al., 2009; Wick and Ternes, 2010). 
In the same line, the documented concentration levels on WWTP effluent waters, 
present relatively high values, are revealing the inefficiency of conventional water 
treatments to eliminate these contaminants. The difference from the influent and 
effluent concentrations allows an estimation of the efficiency of the treatment facility. 
Table 7 compiles the recent studies on the presence of several UV filters in 
environmental water samples. 

Another key point when considering UV filters occurrence, is their typical 
lipophilic/hydrophobic character that enables them to accumulate easily into solid 
matrices. As demonstrated in Table 8, sediments show a clear lower accumulation of 
these compounds than sewage sludge and even biota; values of concentration range 
between near 0 to less than 100 ng/g. In opposition, WWTP sludge’s present 
significant concentration values, due to the large amounts of UV filters that enter the 
treatment plants. Depending on the substance, concentration on sludge can be of 
almost 4000 ng/g, as shown for 4MBC (Rodil et al., 2009). Sludge’s high concentration 
values of UV filters may become a risk, if they are applied as fertilizers into agricultural 
soils, spreading these substances into the soil and agricultural crops (Gago-Ferrero et 
al., 2011a).   

As mentioned before, the lipophilic characteristics of UV filters will allow them easily 
to bioaccumulate in tissues of aquatic organisms as result of their continuous 
exposition to these substances. A number of studies confirm the accumulation of UV 
filters in aquatic biota, namely in fishes, but also in macrobenthos, mussels and even 
birds that feed from fish (Table 8). Moreover, another aspect influencing the 
concentration of UV filters in aquatic biota is the period of the year. During summer 
when concentrations are higher in water, the values in fish and mussel samples are 
much higher than the ones measured out of the swimming period (Fent et al., 2010b), 
as occurs in water. 
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Table 7 - Occurrence of UV filters in environmental waters (rivers, lakes, sea, swimming pools and WWTPs). 

Occurrence of UV filters in environmental waters 

Family  
Compound 

River 
water  
(ng L-1) 

Lake 
water  
(ng L-1) 

Sea 
water  
(ng L-1) 

WWTP 
influent  
(ng L-1) 

WWTP 
effluent 
(ng L-1) 

Swimming 
pool  

(ng L-1) 
Reference 

Benzophenone derivatives             

 
BP1 47 

     
Jeon et al., 2006 

  
6-9 

  
306 32 

 
Kasprzyk-Hordern et al., 2008a 

     
47-155 11 

 
Pedrouzo et al., 2009 

  
24 

  
31-148 11-13 

 
Negreira et al., 2009a 

  
37 

  
131-265 41 

 
Negreira et al., 2009b 

  
0.9-29 

  
43-448 12 

 
Wick and Ternes, 2010 

        280       Tarazona et al., 2010 

 
BP2 4 

  
25 1 

 
Kasprzyk-Hordern et al., 2008a 

    1.8-6.7     35-93 14   Wick and Ternes, 2010 

 
BP3  5.125     

Poiger et al., 2004 

 
  10-35  700-7800 10-700  

Balmer et al., 2005 

 
 23      

Kawaguchi et al., 2006 

 
    97-722   

Li et al., 2007 

 
 114  119   27 Cuderman and Heath, 2007 

 
 27   31-168 16   Rodil et al., 2008 

 
 30 17-55   42-54   Rodil and Moder, 2008 

 
 28-37   971 143   Kasprzyk-Hordern et al., 2008a 

 
 14       Kawaguchi et al., 2008b 

 
 85       Okanouchi et al., 2008 

 
    300-2300 1-13   Trenholm et al., 2008 

 
 54-87   184-429 77-84   Negreira et al., 2009 

 
 52   216-462 13-44   Negreira et al., 2009 b 

 
  40  234 16497   Rodil and Moder, 2009 

 
    11-286 20-100   Pedrouzo et al., 2009 

 
 6-28       Pedrouzo et al., 2010 

 
 8-42   17-222 10-58   Negreira et al., 2010 

 
 59       Liu et al., 2010 

 
 47   195-518 96   Wick and Ternes, 2010 

 
   1340-3300     Tarazona et al., 2010 

 
  32      Haunschmidt et al., 2010 

 
 3-69  7-13 32-551 5-20   Magi et al., 2012 

 
   70 100 200   Pintado-Herrera et al., 2013 

          6-163 5-28   Magi et al., 2013 

 
BP4 849  38-138 237-1441 376-1359   Rodil et al., 2008 

 
 10-227   5790 4309   Kasprzyk-Hordern et al., 2008a 

 
 20-416   1237-1596 765-1028   Negreira et al., 2009a 

 
 51-1980   2120-5130 105-572   Wick and Ternes, 2010 

    14-952       41-2032   Garcia-Lor et al., 2012 

Camphor derivatives        

 
4MBC  2-82   

 
  Poiger et al., 2004 

  
 2-28  600-6500 60-2700   Balmer et al., 2005 

     475-2128    Li et al., 2007 

  
     146 Cuderman and Heath, 2007 

  
   122 23-51   Rodil et al., 2008 

  
5-15 25-148   38   Rodil and Moder, 2008 

  
 1140  278 30-62   Rodil and Moder, 2009 

  
10       Liu et al., 2010 

    7-1132     7-153 66-94   Negreira et al., 2010 
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Family  
Compound 

River 
water   
(ng L-1) 

Lake 
water  
(ng L-1) 

Sea 
water  
(ng L-1) 

WWTP 
influent  
(ng L-1) 

WWTP 
effluent  
(ng L-1) 

Swimming 
pool  

(ng L-1) 
Reference 

Ciannamates (continuation)   

 
EHMC  2-26 

 
   

Poiger et al., 2004 

 
  3-7 

 
500-19000 10-100   Balmer et al., 2005 

 
   

 
  238 Cuderman and Heath, 2007 

 
   

 
54-116    Li et al., 2007 

 
 21 20-33 

 
 11-23   Rodil and Moder, 2008 

 
  3009 

 
1732   

Rodil and Moder, 2009 

 
 19-813  

 
51-124   

Negreira et al., 2010 

 
 10  

 
23   

Magi et al., 2012 

          23-68     Magi et al., 2013 

 
IMC   

 
 59  

Rodil et al., 2008 

 
  51 

 
 3  

Rodil and Moder, 2008 

      146   66     Rodil and Moder, 2009 

p-Aminobenzoic acid and derivatives     
  

 
OD-PABA 

     
37 Cuderman and Heath, 2007 

 
 3 2-5   2-7  

Rodil and Moder, 2008 

 
    103 19  Pedrouzo et al., 2009 

 
    25 55  

Pedrouzo et al., 2010 

          4     Magi et al., 2013 

  EtPABA       36-120     Gago-Ferrero et al., 2013b 

  BM-DBM   2431   407 29   Rodil and Moder, 2009 

Salicylates 
      

  

 
HMS      226 Cuderman and Heath, 2007 

 
 5 4-5   8-9  

Rodil and Moder, 2008 

    18-124     11-20     Negreira et al., 2010 

 
EHS  51      Rodil and Moder, 2008 

 
    28 7.5   Negreira et al., 2009b 

 
  748  753   

Rodil and Moder, 2009 

 
 8      

Liu et al., 2010 

    12-62     6-32     Negreira et al., 2010 

Benzotriazoles         

 
BZT    30500 12500   Reemtsma et al., 2010 

  
390       Wolschke et al., 2011 

  
   584 355   Asimakopoulos et al., 2013 

          77-4380 26-1513   Molins-Delgado et al., 2014 

 
MeBZT    3000 550   Reemtsma et al., 2010 

  
   11788 5447   Asimakopoulos et al., 2013 

 
    47142 10541   Molins-Delgado et al., 2014 

BP1-benzophenone-1;BP2-benzophenone-2;BP3-benzophenone-3;BP4-benzophenone-4;EHMC-ethylhexyl methoxycinnamate;IMC-isoamyl p-
methoxycinnamate;4MBC-4-methylbenzylidene camphor;BM-DBM-butyl methoxydibenzoyl methane;EtPABA-ethyl PABA;OD-PABA-ethylhexyldimethyl 
PABA;HMS-homomenthyl salicylate;EHS-ethylhexyl salicylate; 4HB-4-hydroxybenzophenone;4DHB-4,4-dihydroxybenzophenone;BZT- 1-H-
benzotriazole;MeBZT- 5-Me-1-H-benzotriazole. 
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Table 8- Occurrence of UV filters in environmental solid matrices (Sludge, Sediments and Biota). 

Occurrence of UV filters in environmental solid matrices  
Family  Compound Sludge (ng g-1) Sediment (ng g-1) Biota (ng g-1) Reference 

Benzophenone derivatives 
   

  

 
BP1 5.1 

  
Wick and Ternes, 2010 

    4.41-91.6 0.259-0.607   Zhang et al., 2011 

 
BP2 

 
2.65 

 
Zhang et al., 2011 

    11     Zhang et al., 2011 

 
BP3 132 

  
Wick et al., 2010 

 
 10-20 

  
Nieto et al., 2009 

 
 6.6-29 

  
Rodil et al., 2009 

 
 2.05-13.3 0.272-4.66 

 
Zhang et al., 2011 

 
 790 

  
Gago-Ferrero et al., 2011a  

 
 

 
2.7-27 

 
Gago-Ferrero et al., 2011b 

 
 

  
193-525 (fish) Meinerling and Daniels, 2006 

 
 

  
91-151 (fish) Fent et al., 2010b 

  BP4 29     Wick and Ternes, 2010 

  4HB   8   Gago-Ferrero et al., 2011b 

 
4DHB 

 
9-21 

 
Gago-Ferrero et al., 2011b 

Camphor derivatives         

 
4MBC 73-3893 

  
Rodil et al., 2009 

  
730-3800 

  
Gago-Ferrero et al., 2011a 

    
214 Meinerling and Daniels, 2006 

        810 (mussel) Nagtegaal et al., 1997 

Ciannamates 
   

  

 
EHMC 35-127 

  
Rodil et al., 2009 

  
610-3350 

  
Gago-Ferrero et al., 2011a 

 
 

 
5.3-42 

 
Gago-Ferrero et al., 2011a 

 
 

  
50-1800 (fish) Buser et al., 2006 

    
44-166 (fish) Balmer et al., 2005 

    
414 Meinerling and Daniels, 2006 

 

 

  

22-150 
(macrozoobenthos) 

Fent et al., 2010b 

 
 

  
9-337 (fish) Fent et al., 2010b 

 
 

  
16-701 (bird) Fent et al., 2010b 

 
 

  
3-256 (mussel) Bachelot et al.,  2012 

    
310 (mussel) Nagtegaal et al., 1997 

  IMC 5-20     Rodil et al., 2009 

Crylenes 
   

  

 
OC 700-1842 

  
Rodil et al., 2009 

 
 585-2479 

  
Gago-Ferrero et al., 2011a  

    377-3263     Gago-Ferrero et al., 2011a  

p-Aminobenzoic acid and derivatives 
  

  

 
OD-PABA 132-170 

  
Nieto et al., 2009 

 
 1.4-1.9 

  
Rodil et al., 2009 

 
 

 
0.8 

 
Gago-Ferrero et al., 2011b 

  BM-DBM 144-517     Rodil et al., 2009 

    
40-1700 (fish) Buser et al., 2006 

        25 (fish) Balmer et al., 2005 

Salicylates 
   

  

 
HMS 22-331 

  
Rodil et al., 2009 

  EHS 49-280     Rodil et al., 2009 

BP1-benzophenone-1;BP2-benzophenone-2;BP3-benzophenone-3;BP4-benzophenone-4;EHMC-ethylhexyl methoxycinnamate;IMC-isoamyl p-
methoxycinnamate; 4MBC-4-methylbenzylidene camphor; BM-DBM-butyl methoxydibenzoyl methane; OD-PABA-ethylhexyldimethyl PABA; HMS-
homomenthyl salicylate; EHS-ethylhexyl salicylate; 4HB-4-hydroxybenzophenone;4DHB-4,4-dihydroxybenzophenone; 
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2. OBJECTIVES 

The purpose of the present Master project is to determine the presence of organic 
contaminants, namely UV filter compounds, in environmental waters and suspended 
particles of an urban ecosystem, Barcelona’s metropolitan area. The obtained results 
will reflect the relations between human activities and the environmental introduction 
of these specific contaminants.  

In detail, the project targets the application of different analytical methodologies to 
analyze the different environmental samples, where: 

- water samples will be analysed with a fully automated online method for the 
extraction, purification, separation and detection (online-SPE-HPLC-MS/MS) of 
the selected contaminants.  

- the suspended particulate matter samples will be analysed with the resource of a 
pressurised liquid extraction, with a latter determination using high performance 
liquid chromatography-tandem mass spectrometry (PLE-HPLC-MS/MS); 

In essence this project searches for the following main specific objectives: 

- data mining in characteristics, analytical methods, environmental levels and 
toxicity related to UV filters in published literature; 

- determination of the levels of the selected UV filters present in the studied 
samples and removal rates of UV filters in the selected WWTPs;  

- determination of the partition potential of the selected UV filters in the samples 
within the water and solid phases. 

- comparison of the levels observed in the present study with those of other 
geographical areas. 

- assessment of the ecotoxicological potential risk posed by the occurence levels 
of UV filters in the sampling sites. 
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3. CASE STUDY DESCRIPTION - Barcelona 

The main goal of this Master study is to make the comprehensive analysis of 
environmental water samples collected in two Catalan river basins and in WWTPs 
inserted in the metropolitan area of Barcelona. The considered urban ecosystem 
represents a good example of a highly transformed environment, as a consequence of 
centuries of enormous human pressure, industrial contamination, resources depletion 
and natural ecosystems transformation.  

Barcelona is the second biggest city in Spain, the capital city of the autonomous 
community of Catalunya and one of the most industrialized cities in the Mediterranean 
(Palanques and Díaz, 1994). The city of Barcelona located on the Mediterranean coast 
is enclosed by the mouths of the rivers Llobregat and Besòs and by the Serra de 
Collserola to the west. Having 102.2 km2, the metropolis has a permanent population 
of 1.6 million inhabitants and a population density 15867 inhab./km2 (Ayuntamiento 
de Barcelona, 2013). In addition, the surrounding metropolitan area of Barcelona 
(AMB), composed by 17 municipalities under direct influence of the city (Figure 19), 
has a population of 4.8 million inhabitants and a density of 1926 inhab./km2 (IDESCAT, 
2013).  

Catalunya, and particularly the metropolitan area of Barcelona, was no different than 
any other developed region in the world, when having its industrial development and 
economic growth achieved, at some extent, to the cost of rivers and water bodies, 
namely the rivers Llobregat, Ter and Besòs (Aracil i Martí, 1993). The exaggerated use 
of water and unregulated sewage discharges resulted, as in many other cases, with the 
degradation and destruction of natural ecosystems, the sacrifice of fauna and flora, 
and the general contamination of surface and groundwater bodies.  
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Figure 2 - The Llobregat River and its main tributaries, Anoia and Cardaner Rivers. Adapted from Rodríguez, 2001. 

The Llobregat River is born in the northern part of the Province of Barcelona, in 
Castellar de N’Hug from a subterranean spring at more than 150 km from its mouth. It 
a is quick-flowing Mediterranean river, that alternates from dry to torrential flows and 
crosses Catalunya from north to the south, dividing it in half (Serra, 2010). Spreading 
along 5000 km2, the river basin is composed of several other tributary rivers, where 
the most important ones are the Cardaner and Anoia tributaries (Figure 2) (Rodríguez, 
2001). The Llobregat basin is inserted totally or partially between the comarcas of 
Berguedà, Bages and Baix Llobregat, comprehending a population of more than 1 
million people (IDESCAT, 2013). In addition, the river mouth is also the SW frontier of 
the city of Barcelona. Over the 19th and 20th centuries, the Llobregat River valley saw 
its transformation by the settlement of important industries, specially textile 
companies, and hydroelectrically facilities, which over the time compromised the 
fauna and flora with contamination and land occupation (Serra, 2010). Contamination 
is even more relevant once the river is the main drinking water source to the cities of 
Manresa, l’Hospitalet de Llobregat and in part to Barcelona (Latorre i Piedrafita, 1992). 
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Figure 3 - The Besòs River and its main tributaries, Congost and Mogent rivers. 

On the other side, bounding the city of Barcelona to the north, the Besòs River mouth 
is the end of a hydrographical basin that occupies 1038 km2. The main river has only 
17.7 km, but its basin integrates several tributary drainage rivers, like the Congost, 
Mogent, Tenes, Riera de Caldes and Ripoll Rivers, that make important contributions 
to its area and water flow (Figure 3). The Besòs and its tributaries have the typical 
characteristics of Mediterranean rivers with irregular water flows, having periods of 
total absence of water or sudden flows of 2500 m3/sec (Latorre i Piedrafita, 1992). 
Having a deficit of water, the Besòs imports water from the Ter-Llobregat system 
(water transfer system between rivers). The basin is incorporated in the comarcas of 
Osona, Vallès Oriental, Vallès Ocidental, which together sum a population of almost 
1.5 million inhabitants (IDESCAT, 2013). 

The great industrial development of the 19th century and the demographic growth of 
the 60’s and 70’s (20th century) experienced in both rivers basin’s will incur with the 
abusive use of the water, and consequent diminution of rivers flows. Additionally, the 
general lack of water treatment of industrial and domestic wastewaters causes the 
strong contamination and degradation of natural systems and biodiversity. The 90’s 
are the turning point for the degeneration of the natural ecosystems found in these 
Catalan rivers. Financing from the EU and the creation of partnerships between 
municipalities and administrative entities (e.g. Consorci per a la Defensa de la Conca 
del Riu Besòs) will impulse the systems of wastewater management and wastewater 
treatment in the urban surrounding of Barcelona, as well as the construction of many 
WWTPs (Consorci per a la Defensa de la Conca del Riu Besòs, 2014).  
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Figure 4 –Distribution of in-service WWTPs over the Llobregat-Foix and Tordera-Besòs basins. Adapted from ACA, 2012. 

Water quality of the mentioned rivers is highly depending on climatic conditions. River 
flows will vary impressively from summer (dry season) to winter, the decreased flows 
during summer will lead to the aggravation of the water quality and greater 
concentrations of contaminants, due to the inexistent dilution factor that causes the 
increase of effluent wasters in the total river flow (Gonzaléz et al., 2012). The water 
contamination of the mentioned basins is controlled, to some extent, by a vast 
domestic and industrial WWTP network. The inability of completely remove some 
contaminants from the wastewater, results with their introduction into the receiving 
environmental water bodies through the effluent sewage, jeopardizing the drinking 
water sources.   

Nowadays the Llobregat River and its tributaries count with 70 WWTPs spread all over 
the basin. Together Llobregat’s WWTPs treat a volume of 261473 m3day-1 of 
wastewater (9.5 million m3 per year). In parallel the Besòs River basin has 25 WWTPs 
with a total treatment effluent of 203815 m3 day-1 (74.5 million m3 per year) (ACA, 
2012). Figure 4 gives a general idea of the WWTPs spread all over the rivers basins. 
From the overall WWTPs of both basins, six of them will be subject to study and 
analysis in this master project. Table 9 recollects the general characteristics and 
information about the selected WWTPs. 
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Table 9 - Characteristics of the selected WWTPs. 

Characteristics of the WWTPs 

WWTP Basin Secundary treatment Terciary 
treatment Popualtion Served Equivalent 

inhabitants (design) 

Montcada i 
Reixac Besòs Biological - 253364 423500 

Sabadell Besòs  Bioligcal with N and P 
elimination - 227129 296333 

Terrassa Llobregat MBR with N and P 
elimination - 243247 400000 

St. Feliu de 
Llobregat Llobregat  Bioligcal with N and P 

elimination yes 279959 373333 

Rubí Llobregat  Bioligcal with N  - 77994 135000 

Manresa Llobregat  Bioligcal with N and P 
elimination - 85224 196167 

Data from Agència Catalana de l'Aigua (http://aca-web.gencat.cat/aca/appmanager/aca/aca/) and IDESCAT, 2013. 
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4. EXPERIMENTAL DETERMINATION OF UV FILTERS IN ENVIRONMENTAL SAMPLES 

4.1. Selected UV filter compounds 

The extensive description of UV filters recognizes the existence of many compounds 
from different families in the aquatic environment. From all the families and 
compounds mentioned before, some of them have more significance to be analyzed, 
due to their frequent use in cosmetic products, estrogenic activity or toxicity in biota. 
Table 10 compiles the compounds to be analyzed.  

Table 10 - List of UV filter compounds to be studied. 

List of UV filter compounds 

Compound (INCI name) CAS no. 

benzophenone-3 BP3 131-57-7 
benzophenone-1 BP1 131-56-6 
4-hydroxybenzophenone 4HB  1137-42-4 
4,4 -dihydroxybenzophenone 4DHB 611-99-4 
4-methylbenzylidene camphor 4MBC 36861-47-9 
ethylhexyl methoxycinnamate EHMC 5466-77-3 
ethylhexyldimethyl PABA  OD-PABA 21245-02-3 
octocrylene  OC 6197-30-4 
ethyl 4-aminobenzoate EtPABA 94-09-7 
1H-Benzotriazole BZT 95-14-7 
5-methyl-1-H-benzotriazole MeBZT 136-85-6 

INCI (International Nomenclature for Cosmetic Ingredient) elaborated by COLIPA 

 

4.2. Reagents, materials and instrumentation 

Chemical name and CAS numbers of the target compounds selected in this study are 
summarized in Table 10, and their structure and physico-chemical properties in Table 
1. 

BP3, BP1, 4HB, 4DHB, OD-PABA, OC, EHMC, EtPABA and BZT, were of the highest 
purity (>99%) and were obtained from Sigma-Aldrich (Steinheim, Germany); 4MBC 
(99% of purity) was supplied by Dr. Ehrenstorfer (Augsburg, Germany) and MeBZT 
(purity >99%) by TCI (Zwijndrecht, Belgium).  Compounds isotopically labelled 2-
hydroxy-4-methoxy-2’,3’,4’,5’,6’-d5 (BP3-d5) and 3-(4-methylbenzylidene-d4)camphor 
used as internal standards with 99% purity were purchased to CND isotopes (Quebec, 
Canada).  
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HPLC-grade water, methanol (MeOH), acetone, ethanol and acetonitrile (ACN) were 
purchased from J.T.Backer (Deventer, The Netherlands). The formic acid and the 
alumina (aluminum oxide, 99%) were provided by Merck. The N2 gas (99% purity) used 
to evaporate samples was supplied by Air Liquide (Barcelona, Spain), PURADISC syringe 
filters by Whatman (UK), and the glass fiber filters (1 µm) and nylon membranes (0.45 
µm) used in the pretreatment step by Whatman International Ltd (Maidstone, United 
Kingdom). 

Standards and isotopically labeled internal stock standard solutions were prepared in 
methanol at a concentration of 200 mg L-1. Standards solutions were stored at -20 °C in 
the dark. From these solutions, a mixture standard solution of all UV filters was 
prepared in methanol at concentration of 20 mg L-1. Working solutions were prepared 
by appropriate dilution of the mixed stock standard solution in methanol. 

4.3. Sampling and sample pretreatment 

The present study aims to analyze environmental waters and the suspended 
particulate matter of samples collected in rivers and WWTP influent and effluent 
waters in the urban area of Barcelona. 

River water samples were collected in amber glass bottles directly from the studied 
sites. Time-averaged (24 h) composite influent and effluent WWTP samples were also 
collected in amber glass bottles, at the selected treatment plants. In both cases, 
samples were shipped to the laboratory under cool conditions (-4°C). 

Upon reception, an aliquot of 150 ml of each sample was vacuum filtered through a 1 
µm glass fiber filter, followed by 0.45 µm nylon membrane filter to separate the 
suspended particulate matter from the water phase. Both glass fiber and membrane 
filters were dry weighted before and after the filtration, in order to calculate the 
quantity of solid phase present in the selected water sample volume. Moreover, in the 
case of influent WWTP water filtration, more than one filter had to be used in each 
filtration, as consequence of the much higher concentration of suspended particulate 
matter in these samples. 

Water samples were then stored in the dark and frozen at -20 °C. When required, 
samples had to be put to unfreeze prior to usage. An aliquot of 25 ml was then 
selected to carry on the analysis. On the other side, the used filters were fully dried for 
3 days at temperature of 65 °C in an oven, in order to remove the full water content. 
Once dry, the filters were consecutively weighted until a constant weight was reached 
and were ready to be analyzed. 
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4.3.1. Llobregat and Besòs sampling campaign 

Table 11 - Description of the water samples from the 13/02/2014 field campaign.  

Sample description 

Sample 
name 

Type of water 
sample  Location  Sample location Coordinates 

S2 river Santa Coloma de Gramanet Besòs  41.455497 N, 2.194237 E 

S3I influent WWTP 
Montcada i Reixac WWTP Besòs  41.472330 N, 2.190766 E 

S3E effluent WWTP 

S4 river Montcada i Reixac Ripoll  41.488159 N, 2.187565 E 

S5 river Montcada i Reixac Besòs  41.489726 N, 2.192799 E 

S6I influent WWTP 
Sabadell WWTP Riu-Sec  41.517075 N, 2.101912 E 

S6E effluent WWTP 

S7 river Sabadell Riu-Sec  41.51441 N, 2.108685 E 

S8I influent WWTP 
Terrassa WWTP Riera de RubÍ 41.517907 N, 2.034551 E 

S8E effluent WWTP 

S9 river Les Fonts Riera de Rubí 41.52172 N, 2.037274 E 

S10 river Les Fonts Riera de Rubí 41.51161 N, 2.033814 E 

S11I influent WWTP 
 St. Feliu de Llo. WWTP Llobregat 41.381574 N, 2.033401 E 

S11E effluent WWTP 

S12 river  St. Feliu de Llobregat Llobregat  41.381574 N, 2.033401 E 

S13 river  St. Feliu de Llobregat Llobregat  41.384444 N, 2.025893 E 

S14I influent WWTP 
Rubí WWTP Riera de Rubí  ~41.461447 N, ~2.003419 E 

S14E effluent WWTP 

S15 river Rubí Riera de Rubí  41.456371 N, 2.001271 E 

S16 river Rubí Riera de Rubí  41.460988 N, 2.000863 E 

S17I influent WWTP 
Manresa WWTP Cardaner  41.703772 N, 1.843232 E 

S17E effluent WWTP 

S18 river Manresa Cardaner  41.720803 N, 1.827565 E 

S19 river Castellgalí Cardaner  41.681077 N, 1.848878 E 

  

In this case study, samples were collected along the Llobregat River basin (Llobregat 
River and tributaries Cardaner and Riera de Rubí Rivers) and the Besòs River basin 
(Besòs River and tributaries Ripoll and Riu-Sec Rivers). Figures 5 and 6, illustrate all the 
collecting sites and Table 11 compiles all the information with respect to these 
samples. 

Influent and effluent WWTP samples were collected in 6 treatment plants: 4 in the 
Llobregat River basin (1 in the Llobregat River, 1 in the tributary Cardaner River and 2 
in the tributary Riera de Rubí River); and 2 in the Besòs River basin (1 at the Besòs 
River and 1 at the tributary Riu-Sec River). 

River water samples were collected, upstream and downstream of every WWTP, with 
a maximum distance of 0.5 km of the treatment facility. The only exception was 
Manresa WWTP, where river samples where only taken downstream. Annex 2, 
contains the spatial distribution of the samples collected in 13/02/2014 field campaign 
(Figure 20) and examples of the sampling process in the mentioned rivers and WWTPs. 
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Figure 5 - Sample sites along the Llobregat River basin. (Orange represents influent and effluent WWTP samples and blue river 
samples). 

 

Figure 6– Sample sites along the Besòs River basin. (Orange represents influent and effluent WWTP samples and blue river 
samples). 
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4.4. Sample extraction and purification 

When analyzing UV filters, laboratory background contamination arises as significant 
problem when working at environmental levels. Accordingly, several measures were 
enforced in order to avoid this problem. All glass used, was previously washed and 
heated at 380 °C and rinsed with HPLC grade water, ethanol and acetone, and 
immediately used. Likewise, gloves were worn during the entire process of sample 
collection, handling, and preparation; solvents, chemicals, glassware and other 
unopened supplies were used. Aluminum foil was used to protect from UV light any 
kind of sample or stock standard solution that might undergo photodegradation. 
Additionally, at least two operational blanks were processed together with each batch 
of samples. 

Water samples followed a fully automated methodology, forthwith sample handling is 
limited to the filtration step, performed to remove the suspended particulate matter 
(also to be analyzed) and the addition of the internal standard mixture. Samples are 
stored at -20 °C, stopping any biological activity and avoiding the risk of contamination. 

The solid phase of the water samples contained in the filters (of 1 µm and 0.45 µm), 
was extracted and purified by PLE using the automatic system ASE-350 Accelerated 
Solvent Extractor from Dionex Corporation (Thermo Fisher Scientifics, Sunnyvale, CA, 
USA) using 11 ml capacity stainless steel extraction cells. One gram of aluminum oxide 
(previously heated at 130 °C for 24h in a desiccator before use) was placed at the 
outflow side of each cell onto a cellulose filter. In optimized conditions, all filters used 
for the filtration of each sample were mixed in the PLE extraction cells with aluminum 
oxide to fulfill the purification step inside the cell (in-cell purification).  The PLE extract 
were brought to 25 ml with methanol. A 2 mL aliquot of this solution is then passed 
two times through a 0.45-µm syringe filter to a LC-vial and evaporated to dryness 
under a stream of nitrogen in a TurboVap LV evaporator from Zymark (Zymerk, Hopkin, 
MA, USA). Finally, samples are reconstituted with the internal standards solution to 
the volume of 1 ml. 

4.5. Analytical method of determination 

The selected sunscreen compounds are characterized for their wide range of Kow 

values, which will enable them to either, distribute into the water phase or bind to the 
suspended particulate matter in water. Thus, it is relevant to this project to analyze 
both the water phase and the suspended particulate matter of the collected samples. 

The analytical determination of both sample phases, required distinct methods of 
determination well described and optimized, where in both cases the most advanced 
equipments were used to achieve the proposed objectives.  
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4.5.1. Water samples 

Once filtered, water samples only require the addition of internal standards to be 
ready to be analyzed. Automated on-line solid phase extraction-liquid 
chromatography-tandem mass spectrometry (SPE-HPLC-MS/MS) was performed by 
means of a SymbiosisTM Pico (SP104.002, Spark, Holland) liquid chromatograph 
coupled to an hybrid quadrupole-linear iontrap 4000 QTRAP (Applied Biosystems-
Sciex; Foster City, CA, USA) mass spectrometer using an electrospray ionization source 
(ESI) to determine the selected UV filters content based on the analytical method 
previously developed by Gago-Ferrero et al., 2013a. 

The SimbiosisTM Pico system is a sophisticated HPLC system with a totally automated 
high performance injector that handles sample volumes between 10 µm to 5ml. This 
equipment includes an autosampler (AliasTM) that was positive headspace pressure, 
extensive wash routines for minimal carry over and 2 injection modes, off-line and on-
line SPE. 

For this determination an on-line enrichment, on-line SPE preconcentration of all 
samples, standard solutions and blanks was performed by the loading of 5 ml of 
solutions at 1 mL min-1 through a PLRP-s cartridge previously conditioned with 1 mL of 
methanol, 1 mL of ACN, and 1 mL of HPLC water (flow rate of 5 mL min-1). Prior to the 
elution step, the cartridges are cleaned with a 0.5 ml min-1 to complete the transfer of 
the sample and remove interferences such as inorganic salts. When the 
preconcentration of each sample is completed on the left clamp of the SymbiosisTM 
Pico system, the cartridge is moved to the right clamp where the trapped analytes are 
eluted to the liquid chromatography column with the mobile phase. 

Chromatographic separation was achieved on a LiChorCART ® Purospher® STAR® RP-18 
ec (125mm x 2.0 m, 5 µm) from Merk, preceded by a guard column LiChorCART® 4-4 
Purospher® STAR® RP-18 ec (5 µm). In the optimized method, elution of the trapped 
analytes to the LC system was performed through a chromatographic gradient. The 
analytes with positive ionization (PI) mode had a mobile phase consisting of HPLC 
grade water and ACN, both with 0.1% of formic acid. The gradient elution adopted the 
following steps: 

- started with water anal. 5% of ACN, increasing to 75% in 7 min, and then to 100% 
ACN in the following 3 min. Pure organic conditions were held constant for 5 min 
and finally initial conditions were achieved in the next 2 min. Each injection had a 
total run time of 23 min. The mobile phase flow rate was set to 0.3 mL min-1. 
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Tandem-mass spectrometry detection was conducted in positive ESI-ionization under 
selected reaction monitoring (SRM) mode. The characteristic fragment of the 
precursor molecular ion [M+H]+ was monitored for improved sensitivity and selectivity. 
The most abundant transition was used for quantification, while the second most 
abundant was used for confirmation. Fragmentation voltage and collision energy were 
optimized for each transition. ESI conditions were optimized with the following 
characteristics: 

- capillarity voltage, 5000 V; 
- source temperature, 700 °C; 
- curtain gas, 30 psi; 
- ion source gas 1, 50 psi; 
- ion source gas 2, 60 psi; 
- entrance potential, 10 V. 

Quantification was conducted through internal standard calibration using matrix-
watched standard solutions.  
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4.5.2. Suspended particulate matter samples 

Further the treatment step, a high performance liquid chromatography-tandem mass 
spectrometry (HPLC-MS/MS) determination was conducted on the extracts from the 
suspended particulate matter samples. The analytical procedure applied to the 
determination of the selected UV filter compounds was based in a method previously 
developed in the IDAEA-CSIC laboratory (Gago-Ferrero et al., 2011b).  

Chromatographic separations were conducted using the same equipment as in the 
case of the water samples. However, the off-line option was selected. The LC column 
used was the same as previously described. Separation was performed with a binary 
mobile phase at a flow rate of 0.4 mL min-1, using two solvents, solvent A consisted of 
a HPLC grade water and solvent B ACN, both with 0.3% formic acid. The gradient 
elution was configured as follows: 

- started with 5% eluent B, increasing to 80% in 2 min and raising to 100%  ACN in 
the next 9 min, kept constant for 2 min, then returned to initial conditions in 2 
min, and finally, 3 more minutes were taken to allow the equilibration of the 
column. Injection volume was set up to 10 µL. 

For the tandem mass spectrometry detection, acquisition was accomplished in ESI 
positive using SRM mode recording two transitions for each compound for enhanced 
sensitivity and selectivity, as in the case of water samples analyses. For each selected 
compound, two characteristic fragments of the protonated molecule [M+H] + were 
monitored. The most abundant transition was used for quantification, while the 
second most abundant for confirmation. In this case, ESI conditions were: 

- capillarity voltage, 5000 V; 
- source temperature, 700 °C; 
- curtain gas, 30 psi; 
- ion source gas 1, 50 psi; 
- ion source gas 2, 60 psi; 
- entrance potential, 10 V. 

Quantification was conducted through internal standard calibration based on peak 
areas. The isotopically labeled compound BP-d10 was used as it properly correct the 
potential interferences produced by the remaining matrix components.  
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4.6. SRM conditions / Methods performance 

The considered method was operated in a selected reaction monitoring (SRM) with the 
purpose of reaching the maximum sensibility and selectivity. Table 12 compiles the 
retention time, the SRM transitions, the cone voltage and collision energy for each one 
the selected compounds. 

Table 12 - SRM experimental conditions used in the determination of UV filters. 

SRM conditions 
Compound Retention time (min) MRM transition a Cone (V) Collison energy (eV) 

BZT 4.29 120 → 92 56 25 

 
120 → 65 31 

MeBZT 4.95 134 → 95 46 39 

 
134 → 79 35 

4DHB 5.65 215 → 121 45 27 

 
215 → 93 45 

EtPABA 5.93 166 → 138  41 20 

 
166 → 120 25 

4HB 7.04 199 → 121 40 25 

 
199 → 105 27 

BP1 7.63 215 → 137 40 27 

 
215 → 105 29 

BP3 9.27 229 → 151 40 25 

 
229 → 105 27 

4MBC 10.92 255 → 212 61 29 

 
212 → 105 41 

OC 11.56 362 → 250 71 15 

 
362 → 232 27 

EHMC  11.81 291 → 161 51 25 

 
291 → 179 13 

OD-PABA 12.00 278 → 166 86 27 

 
278 → 154 43 

a All compounds were determined in positive  electropray mode.  

 

Once the methods were optimized, the further step was to validate them. The 
validation process consists of the determination of several parameters such as linearity 
range, sensitivity, accuracy, repeatability, reproducibility and matrix effects. 
Instrumental parameters such as linearity, correlation coefficients, instrumental limits 
of detection and quantification, relative standard deviation for each studied 
compound, as well as, the recovery rates, method limit of detection and quantification 
are previously compiled below for each type of sample. 

Water samples method performance: 

Instrumental analytical parameters for all the selected compounds were calculated 
through a flow injection analysis (FIA) of standards, having results a wide linearity 
range for all the compounds studied, with correlation coefficients > 0.999. The 
summary of these parameters is compiled in Table 13. 
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Table 13 - Instrumental quality parameters of the HPLC-ESI-MS/MS in water samples. 

Instrumental quality parameters of the HPLC-ESI-MS/MS in water samples 

Compound Linearity range 
(ng L-1) r2 ILOD (pg) ILOQ (pg) 

Precision (%RSD), n=7 

Intra-day Inter-day 
BP3 0.5-500 0.9998 4 13 3 5 

BP1 0.5-500 0.9998 10 33 3 6 

4HB 0.5-500 0.9999 6 20 4 5 

4DHB 0.5-500 0.9997 14 47 3 5 

DHMB 0.5-500 0.9995 8 27 4 6 

4MBC 1-500 0.9995 6 20 3 6 

EtPABA 0.1-200 0.9991 0.2 0.7 5 7 

BZT 1-10000 0.9995 1.3 4.2 5 6 

MeBZT 1-10000 0.9995 0.7 2.3 3 5 
ILOD - instrumental limit of detection; ILOQ - instrumental limit of quantification; RSD - relative standard deviation;  

The instrumental limit of detection (ILOD), defined as the lowest analyte concentration 
with a signal to noise ratio (S/N) of 3, ranged from 0.2 to 14 pg and the instrumental 
limit of quantification (ILOQ), defined as the concentration with S/N ratio of 10 (EPA, 
2010), from 0.7 to 47 pg. The intra-day instrumental precision ranged between 3 and 
5% of the relative standard deviation (RSD) and the inter-day instrumental precision 
registered vales from 5 to 7% of RSD. 

At the same time, the sensitivity parameter was enhanced by the on-line system used 
in water sample analysis. The method limit of detection (MLOD) and method limit of 
quantification (MLOQ) were calculated in the three different water matrices: river 
water, influent and effluent wastewater. Table 14 resumes the recovery rates, MLOD 
and MLOQ for the studied compounds. It shows that quiet small MLOD and MLOQ 
values were achieved for all the matrices, allowing so, an efficient and accurate 
quantification of the considered compounds in the water samples. In river waters 
values ranged between 0.1 to 3.5 ng L-1 for MLOD and from 0.5 to 13.3 ng L-1 for 
MLOQ. In influent waters the MLOD range was 0.3-10 ng L-1 and the MLOQ range 1.1-
33.3 ng L-1. For effluent waters the values varied from 0.3-4 ng L-1 for MLOD and 0.8-
13.3 ng L-1 for MLOQ. The increased values on WWTP water matrices are a direct 
consequence of the suppression effect caused by the co-extracted matrix components. 
Likewise, relative recoveries, determined from the absolute recovery for each analyzed 
compound as percentage of the absolute recovery of the associated surrogate, had a 
satisfactory reproducibility with values ranging from 70 to 110%.  
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Table 14 - Performance of the HPLC-ESI-MS/MS developed method for the analysis of UV filters in water samples. 

Performance of the HPLC-ESI-MS/MS method for water samples 

Compounds Rec.(%) ± RSD MLOD (ng L-1) MLOQ (ng L-1) 

River water 
   BP3 97 ± 4 0.7 2.3 

BP1 100 ±  1.0 3.3 
4HB 81 ± 6 1.1 3.7 
4DHB 82 ± 5 1.8 6.0 
4MBC 100 ± 8 3.5 11.7 
EtPABA 112 ± 1 1.5 5.0 
BZT 97 ± 3 0.3 0.9 
MeBZT 80 ± 6 0.1 0.5 

Effluent water 
   BP3 101 ± 8 1.5 5.0 

BP1 86 ± 8 2.5 8.3 
4HB 77 ± 7 1.5 5.0 
4DHB 70 ± 7 3.5 11.7 
4MBC 103 ± 5 4.0 13.3 
EtPABA 105 ± 2 2.5 8.3 
BZT 109 ± 7 1.1 3.7 
MeBZT 85 ± 13 0.3 0.8 

Influent water 
   BP3 106 ± 5 5.0 16.7 

BP1 101 ± 12 8.0 26.7 
4HB 71 ± 5 8.0 26.7 
4DHB 70 ± 6 9.0 30.0 
4MBC 99 ± 2 10.0 33.3 
EtPABA 110 ± 3 5.0 16.7 
BZT 100 ± 6 0.3 1.1 

MeBZT 91 ± 9 1.1 3.7 
Rec. - recovery; RSD - relative standard deviation; MLOD - method limit of detection; MLOQ - method limit of quantification. 
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Suspended particulate matter samples method performance: 

Instrumental and method analytical parameters for all the considered UV filter 
compounds are listed in Table 15. 

Table 15 - Instrumental quality parameters and performance of the HPLC-MS/MS developed method for the analysis of UV 
filters in suspended particulate matter. 

Instrumental quality parameters and performance of the HPLC-MS/MS in suspended 
particulate matter 

Instrumental  Method 

Compound Linearity 
range (ng/L) r2 ILOD 

(pg) 
ILOQ 
(pg) 

Precision (%RSD), n=7  Rec.(%) ± 
RSD 

MLOD 
(ng g-1) 

MLOQ 
(ng g-1) Intra-day Inter-day  

4MBC 1-500 0.9995 6.0 20.0 3 6   102 ± 6 1.6 6.5 

OC 1-300 0.998 1.1 3.7 5 7  70 ± 7 1.9 6.5 

EHMC 1-500 0.993 1.5 4.9 5 7  90 ± 6 1.9 6.5 

OD-PABA 1-100 0.995 4.1 13.5 4 10  85 ± 4 1.6 5.3 

BP3 0.5-500 0.9998 4.0 13.0 3 5  70 ± 10 1.9 6.4 

BP1 0.5-500 0.9998 10.0 33.0 3 6  30 ± 16 1.9 6.5 

4HB 0.5-500 0.9999 6.0 20.0 4 5  95 ± 8 1.9 6.4 

4DHB 0.5-500 0.9997 14.0 47.0 3 5  96 ±  9 1.9 6.5 

EtPABA 0.1-200 0.9991 0.2 0.7 5 7  - 1.9 6.5 

BZT 1-10000 0.9995 1.3 4.2 5 6  - 1.4 4.8 

MeBZT 1-10000 0.9995 0.7 2.3 3 5   - 1.4 4.6 
ILOD - instrumental limit of detection; ILOQ - instrumental limit of quantification; Rec. - recovery; RSD - relative standard deviation;  
MLOD - method limit of detection; MLOQ - method limit of quantification. 

The instrumental limit of detection (ILOD) ranged 0.2 to 10 pg, with the exception of 
4DHB that had a value of 14 pg. ILOQ, the instrumental limit of quantification, was in 
the range of 0.7-33.0 pg; also with the exception of 4DHB that reached a value of 47 
pg. Intra-day precision varied between 3-5% RSD and inter-day precision, 5-10% RSD. 

Regarding the method performance under optimized conditions, recovery rates 
obtained were in the range 70-102%, with the exception of BP1 that had a very low 
recovery rate of 30%, value confirmed by other publications (Nieto et al., 2009). The 
values of MLOD were in the range 1.4-1.9 ng g-1, being this range significantly small for 
an efficient detection by the equipment. On the other hand, MLOQ values were 
equally small ranging from 4.6 to 6.5 ng g-1. 
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5. RESULTS AND DISCUSSION 

The methods reported in chapter 4.5 were conducted on the described river (RW) and 
influent (IWW) and effluent (EWW) WWTP samples (Table 11) in order to analyze their 
content in the selected UV filters (Table 10). The following chapter will present and 
discuss the results obtained for the UV filters occurrence levels, WWTP removal rates, 
the partition of the studied compounds between matrix phases and the potential 
environmental risk they pose to aquatic organisms. 

Occurrence of the selected UV filters and WWTP removal rates: 

The summary of the selected UV filters concentrations observed is displayed in Table 
16 for water samples and in Table 17 for suspended particulate matter samples.  

Table 16 - Concentration of the studied UV filters in water samples (ng L-1). 

Concentration in water samples (ng L-1). 

Sample Name 
Compound 

BP1 BP3 4HB 4DHB 4MBC EtPABA BZT MeBZT 
River                 

S2 Besòs 48.2 52.2 12.1 < LOQ 13.1 27.2 2498.0 4209.0 

S4 Ripoll 14.5 15.9 < LOQ < LOQ 13.9 7.7 4270.8 4315.9 

S5 Besòs 31.2 20.9 10.1 < LOQ < LOQ 38.6 2855.6 5004.0 

S7 Riu-Sec 51.8 43.7 < LOQ < LOQ 18.2 51.7 4852.8 3844.5 

S9 Riera de Rubí 15.6 15.9 10.5 < LOQ 25.8 6.3 244.6 797.9 

S10 Riera de Rubí < LOQ < LOQ < LOQ < LOQ 18.8 < LOQ 23.7 199.3 

S12 Llobregat 5.3 < LOQ < LOQ < LOQ < LOQ n.d. 267.5 721.3 

S13 Llobregat < LOQ < LOQ < LOQ < LOQ 34.3 < LOQ 198.7 538.8 

S15 Riera de Rubí 24.8 30.1 < LOQ 9.2 13.9 111.9 8529.8 7181.4 

S16 Riera de Rubí 28.3 38.5 < LOQ < LOQ < LOQ 44.2 1192.5 1934.8 

S18 Cardaner < LOQ 4.4 < LOQ < LOQ < LOQ 5.5 25.0 66.9 

S19 Cardaner < LOQ 5.0 < LOQ < LOQ n.d. n.d. 262.0 284.0 

WWTP                   

S3 Montcada i 
Reixac 

inf. 409.7 515.7 n.d. n.d. n.d. 184.2 2493.4 4593.2 

eff. 211.2 217.8 < LOQ < LOQ 22.0 35.8 1469.2 4411.7 

S6 Sabadell 
inf. 687.9 326.9 10.7 < LOQ n.d. 149.1 9481.6 6366.2 

eff. 23.6 29.7 < LOQ < LOQ < LOQ 32.1 2891.5 2376.9 

S8 Terrassa 
inf. 332.0 387.1 < LOQ n.d. 30.1 224.5 2953.7 4342.4 

eff. 28.0 46.1 < LOQ < LOQ 58.1 66.0 1172.1 2173.6 

S11 St. Feliu de 
Llobregat 

inf. 261.1 201.0 n.d. n.d. n.d. 12.3 1495.2 3715.1 

eff. 10.2 33.6 < LOQ < LOQ < LOQ 23.4 1084.1 4832.8 

S14 Rubí 
inf. 94.6 75.5 n.d. 7.7 n.d. 53.3 8281.9 5143.7 

eff. 5.2 9.4 < LOQ 10.9 34.6 129.1 16933.1 8913.3 

S17 Manresa 
inf. 379.7 297.1 24.8 n.d. 29.3 114.8 3272.6 3728.5 

eff. 4.3 27.1 < LOQ < LOQ n.d. 22.4 5100.4 2385.9 

<LOQ – below the limit of quantification; n.d. - nont detectable: 
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First, the water phase of samples will be considered. Concentrations of the studied 
compounds in river water samples (RW)(Table 16) were as follows: BP1 (1 - 51.8 ng L-

1), BP3 (0.7 – 52.2 ng L-1), 4HB (1.1 – 12.1 ng L-1), 4DHB (1.8 – 9.2 ng L-1), 4MBC (3.5 – 
34.3 ng L-1), EtPABA (1.5 – 111.9 ng L-1), BZT (23.7 – 8529.8 ng L-1) and MeBZT (66.9 – 
7181.4 ng L-1). In the case of WWTP water samples the concentrations were, for 
influent wastewater (IWW): BP1 (94.6 – 687.9 ng L-1), BP3 (75.5 – 515.7 ng L-1), 4HB (8 
– 24.8 ng L-1), 4DHB (9 – 10.9 ng L-1), 4MBC (29.3 – 30.1 ng L-1), EtPABA (12.3 – 224.5 ng 
L-1), BZT (1495.2 – 8281.9 ng L-1) and MeBZT (3715.1 – 6366.2 ng L-1); and in effluent 
waste water (EWW): BP1 (4.3 – 211.2 ng L-1), BP3 (9.4 – 217.8 ng L-1), 4HB (1.5 – 5.0 ng 
L-1), 4DHB (3.5 – 10.9 ng L-1), 4MBC (4.0 – 58.1 ng L-1L), EtPABA (23.4 – 129.1 ng L-1), 
BZT (1172.1 – 16933.1 ng L-1) and MeBZT (2173.6 – 8913.3 ng L-1).   

The lowest concentration values were found for the UV filter transformation products, 
4HB and 4DHB, which in most of the studied samples are present in concentrations 
below the MLOQ, as a direct consequence of the non-degradation of BP3 and BP1 at 
the moment of the analysis. In opposition, levels of benzotriazoles show the highest 
values observed, with maximum concentrations reaching 8529.8 ng L-1 for BZT and 
7181.4 ng L-1 for MeBZT in RW; and 16933.1 ng L-1for BZT and 8913.3 ng L-1 for MeBZT, 
in EWW. Benzotriazoles are UV stabilizer compounds, well known for their versatility. 
These substances are used in many industrial processes for their anticorrosive, 
antifreeze, coolant, vapor phase inhibitor, drug precursor and biocide properties 
(Asimakopoulos et al., 2013; Molins-Delgado et al., 2014). Therefore the increased 
production of these substances, which are used not only as cosmetic products, 
outcomes the aggravated introduction of these compounds into the environment, 
markedly into WWTPs.  

As an example, Figures 7, 8 and 9 show the reconstructed chromatograms of the 
positive samples of river, influent and effluent waters,  respectively, containing in all 
cases, 7 out of 8 UV filters investigated. The chromatograms allow a clear illustration of 
the differences on UV filter occurrence between samples of different natures. The 
selected river sample (S10) shows a lesser content in UV filter substances when 
compared to the WWTP samples. Alongside, when comparing Figure 8 and 9, it is 
notable the effect of the wastewater treatment that removes and decreases the 
concentrations of these contaminants in WWTP waters. 
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Figure 7 - Reconstructed chromatogram of a river water sample (S10) in Riera de Rubí tributary. 

 
Figure 8 - Reconstructed chromatogram of a influent WWTP water sample (S6I) at the Sabadell WWTP. 

 
Figure 9 - Reconstructed chromatogram of a effluent WWTP water sample (S6E) at the Sabadell WWTP. 
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Figure 10 - Total concentration (in river samples) for each studied UV filter in the Besòs and Llobregat River basins. 

Regarding the levels of UV filters occurrence over the 2 hydrographical basins (Figure 
10), river water results point out the greater contamination of the Besòs basin, with 
the special focus on benzophenones derivatives (BP1 and BP3) and benzotriazoles (BZT 
and MeBZT), as consequence of the notable industrialization in the area and the 
reduced river flows. Equally, it is important to mention the remarkable concentrations 
of UV filters found in the Llobregat’s tributaty Riera de Rubí, and as well as the Rubí 
WWTP. Here the maximum concentrations of all samples were found for 4DHB, 
EtPABA, BZT and MeBZT in RW and for BZT and MeBZT in EWW. This is certainly an 
expression of the huge number of industries based in the area of the mentioned 
tributary. 

Evaluating the levels of UV filters for suspended particulate matter (Table 17), river 
samples presented occurrence values below the MLOQ for all the selected compounds, 
with the exception of EtPABA, which was not detect in any of the particulate river 
samples. In IWW, concentrations were the following: BP3 (1.9 -892.3 ng g-1), EHMC 
(1.9 – 296233.3 ng/g), 4MBC (1.6 – 9.0 ng g-1), OC (1531.0 – 1031868.1 ng g-1), BZT (1.4 
– 21832.1 ng g-1) and MeBZT (1.4 – 16026.2 ng g-1). BP1, 4HB, 4DHB, OD-PABA and 
EtPABA were below the MLOQ. And finally in EWW, concentrations were under the 
MLOQ for all the studied substances, with the exceptions of OC with a value of 3877.0 
ng g-1 in the Rubí WWTP (S14E) and EtPABA which was not detected in any sample. 
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Table 17 - Concentration of the studied UV filters in suspended particulate matter (ng g-1). 

Concentration in suspended particulate matter (ng g-1). 

Sample Name 
Compound 

BP3 BP1 4HB 4DHB EHMC 4MBC ODPABA OC EtPABA BZT MeBZT 
River                           

S2 Besòs  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S4 Ripoll  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S5 Besòs  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S7 Riu-Sec  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S9 Riera de Rubí  < LOQ n.d.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S10 Riera de Rubí  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S12 Llobregat  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S13 Llobregat  < LOQ n.d.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S15 Riera de Rubí  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S16 Riera de Rubí  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S18 Cardaner  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S19 Cardaner  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

WWTP                         

S3 Montcada 
i Reixac 

inf. 892.3  < LOQ  < LOQ  < LOQ 2525.1  < LOQ  < LOQ 3183.0  < LOQ  < LOQ 416.8 

eff.  < LOQ n.d.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S6 Sabadell 
inf.  < LOQ  < LOQ  < LOQ  < LOQ 1344.9  < LOQ  < LOQ 2640.4  < LOQ 1684.0  < LOQ 

eff.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S8 Terrassa 
inf.  < LOQ  < LOQ  < LOQ  < LOQ 2273.3  < LOQ  < LOQ 1531.0  < LOQ  < LOQ  < LOQ 

eff.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S11 
St. Feliu 

de 
Llobregat 

inf.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ 5034.5  < LOQ  < LOQ  < LOQ 

eff.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

S14 Rubí 
inf.  < LOQ  < LOQ  < LOQ  < LOQ 296233.2 9.0  < LOQ 1031868.2  < LOQ 21832.1 16026.2 

eff.  < LOQ n.d.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ 3977.0 n.d.  < LOQ  < LOQ 

S17 Manresa 
inf.  < LOQ  < LOQ  < LOQ  < LOQ 31214.8  < LOQ  < LOQ 92400.0 n.d.  < LOQ  < LOQ 

eff.  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.d.  < LOQ  < LOQ 

<LOQ – below the limit of quantification; n.d. - not detectable: 

The occurrence of low concentrations (under the MLOQ) in the RW solid phase 
samples for the target compounds is directly related to the quantity of suspended 
particulate matter analyzed in this study. As presented in Table 18, the weight of solid 
phase filtered in the samples ranges 2.6 – 340.3 mg, quantities that are insufficient to 
correctly perform the selected method of analysis for suspended particulate matter 
samples. Nevertheless, IWW solid phase samples, presented quantifiable levels for the 
select substances with higher log Kow (lipophilic compounds that will easily distribute 
into the solid phase). The range of concentrations and the log Kow for the detect UV 
filters were as follows: BP3 (1.9 – 892.3 ng g-1; 3.15); EHMC (1.9 – 296233.2 ng g-1; 
5.80); 4MBC (1.9 – 9.0 ng g-1; 4.95); OC (1.9 – 1031868.2 ng g-1; 7.35); BZT (1.4 – 
21832.1 ng g-1; 1.23) and MeBZT (1.4 – 16026.1 ng g-1; 1.8). The remaining compounds 
and all the samples of EWW had values below the method quantification limit. 
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Table 18 - Quantity of suspended particulate matter filtered per sample. 

Quantity of suspended particulate matter  

Sample 
name 

Weight Sample 
name 

Weight 

g mg g mg 
S2 0.0026 2.6 S11I 0.0273 27.3 

S3I 0.0806 80.6 S11E 0.0090 9.0 

S3E 0.0077 7.7 S12 0.0131 13.1 

S4 0.0083 8.3 S13 0.0035 3.5 

S5 0.0134 13.4 S14I 0.0179 17.9 

S6I 0.0347 34.7 S14E 0.0068 6.8 

S6E 0.0065 6.5 S15 0.1964 196.4 

S7 0.0064 6.4 S16 0.0051 5.1 

S8I 0.0692 69.2 S17I 0.3403 340.3 

S8E 0.0087 8.7 S17E 0.0018 1.8 

S9 0.0062 6.2 S18 0.0084 8.4 

S10 0.0208 20.8 S19 0.0202 20.2 

 

 

Figure 11 –Total concentration of UV filters in solid phase influent wastewater samples for each studied WWTP. 

As mentioned previously, it is important to note the greater contamination of samples 
from the Rubí WWTP, were total values of concentration of UV filters are 
disproportionally higher to all the other treatment facilities (Figure 11). The 
exceptional occurrence of benzotriazoles (BZT and MeBZT) is a consequence of the 
nature of the influent that proceeds from a higly industrialized area. Additionally, 
Manresa WWTP shows an important solid phase contamination by the compounds 
EHMC and OC. 
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Table 19 - Table 19- Removal rates of UV filters in the selected WWTP (%). 

Removal rates (%) 

Sample 
Name  WWTP 

Compound 

BP1 BP3 4HB 4DHB 4MBC EtPABA BZT MeBZT 

S3 Montcada i 
Reixac 48 58 n.a. n.a. n.a. 81 41 4 

S6 Sabadell 97 91 ~100 n.a. n.a. 78 70 63 

S8 Terrassa 92 88 n.a. n.a. -93 71 60 50 

S11 St. Feliu de 
Llobregat 96 83 n.a. n.a. n.a. -91 27 -30 

S14 Rubí 95 88 n.a. -42 n.a. -142 -104 -73 

S17 Manresa 99 91 ~100 n.a. ~100 80 -56 36 

 mean value 88 83 100 - 100 78 50 38 

n.a. - not applicable. 
Negative values result from the influent or effluent value lower than MLOQ. 
 

Further on, Table 19 resumes the removal rates of UV filter compounds in the 
considered WWTPs. The removal rate (RE%) is the conversion of the UV filter 
compound to a substance other than the parent compound by the wastewater 
treatment process. It can be calculated by the following equations:  

𝑅𝑅𝑅𝑅% = 100 × �1 −
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿�

 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑉𝑉 × 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑉𝑉 × 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 

where, Linf and Leff are the influent and effluent daily loads (g d-1), V is the average 
water flow rate per day (L d-1) and Cinf and Ceff are the compound concentration (ng g-

1) observed in the studied samples, for influent and effluent wastewater, respectively 
(Molins-Delgado et al., 2014). 
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Values calculated were highly variable among the WWTPs. RE% ranges were the 
following: BP1 (48 – 99%), BP3 (58 – 91%); EtPABA (71 – 81%); BZT (27 – 41%) and 
MeBZT (4 – 63%). 4HB was 100% removed in Sabadell and Manresa WWTPs, as well as 
4MBC in Manresa WWTP. Four facilities had negative values of percentage for at least 
one studied compound. These negative values are explained by the formation of 
biotransformation products during the treatment process, raising though, the 
concentration of certain compounds in EWW. Molins-Delgado et al. (2014), specify 
that other benzotriazole derivatives (e.g. xylyltriazole or chloro-benzotriazole), not 
investigated by the analyses could be present in IWW, and may suffer 
biotransformation into BZT or MeBZT via demethylation and dechlorination reactions, 
and so raising the concentration levels of these compounds in the effluent. 

Analyzing the mean RE% for each studied compound (negative values were ignored), it 
was clear that BP1, BP3, 4HB, 4DHB and EtPABA are easily removed from the 
wastewater, having all of them high removal rates (4HB and 4DHB were 100% 
removed). On the other side, wastewater treatment processes seem to be inefficient 
to remove BZT and MeBZT from the wastewaters, where mean RE% were 50 and 38%, 
for BZT and MeBZT, respectively. 

Appreciating the removal performance of the target WWTPs (Figure 12), it is 
noticeable that Sabadell, Terrassa and Manresa WWTPs achieved higher removal rates 
for a larger number of compounds. As matter of fact, these three facilities, together 
with St. Feliu de Llobregat WWTP, have secondary biological treatments with 
elimination of N and P (Table 9), a detail that seem to improve their capability to 
remove UV filters compounds from the water. On contrary, Montcada i Reixac and 
Rubí WWTPs, have lower performances, that also can be related to their inferior 
secondary biological treatment, which either lacks the elimination of N and P 
(Montcada i Reixac WWTP) or only is prepared to eliminate nitrogen (Rubí WWTP). 

Moreover, the existence of negative RE%, as a result of the biotransformation of UV 
filters compounds during the treatment process, is potentially clouding the removal 
performance of the facilities, for specific compounds.  
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Figure 12 –Total removal rates (RE%) for the target UV filters in the six studied wastewater treatment facilities. 
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Partition between sample phases 

The partition of contaminants between the two sample phases, water and suspended 
particulate matter, is important to be considered in an attempt to understand the 
distribution of the selected UV filter substances between liquid and solid matrices. 

In this particular project, this partition between matrix phases remained unclear, once 
a great proportion of suspended particulate samples lacked of any value, due to the 
inability of the used equipment’s to quantify the occurrence levels of the studied UV 
filters in the samples.  

Generally speaking, the absence of any detectable concentration levels for UV filters in 
the solid phase matrix might be related to the clearness of the waters in terms of 
suspended particulate matter. UV filter hydrophobic/lipophilic characteristics (log Kow 
> 1), allow these substances to more likely distribute into the solid phase, however the 
weight in suspended particulate matter in the samples, is in such a smaller proportion, 
that impedes the compounds to distribute equally among phases.  

Influent wastewaters, with greater sample weights in suspended particulate matter, 
appeared to demonstrate a possible partition of the distribution of UV filters between 
matrix phases. However, the comparability of occurrence data between water and 
solid phase samples was insufficient to perform this analysis. In the overall collected 
samples, punctual exceptions occurred in Montcada i Reixac and Sabadell WWTPs. In 
the first facility MeBZT has IWW concentration of 4593.2 ng L-1 in the water sample 
and 416.8 ng g-1 in the suspended particulate matter sample. In Sabadell WWTP, the 
same occurs for BZT, where the concentration of the compound in IWW is 9481.6 ng L-

1 in the water phase and 1684.0 ng g-1 in the solid phase. 
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Comparison with occurrence data around the world 

It was relevant for this study to contrast the obtained levels of occurrence for selected 
UV filters, with reported values in literature from other authors around the world. The 
attempt of approximation of the occurrence concentrations of this project pretends to 
extrapolate values to a global contamination scenario of similar water bodies and 
sources. Further on, the presented levels will be compared with other publications.  

Values for river water samples were similar as the ones reported for: BP1 in South 
Korean rivers, with a mean concentration of 47 ng L-1 (Jeon et al., 2006); BP3 in Tama 
River, Tokyo, Japan, having a mean value of 23 ng L-1 (Kawaguchi et al., 2006); 4MBC in 
surface waters with a range of 7-1132 ng L-1 (Negreira et al., 2010); BZT in the Scheldt 
River in Belgium, with a mean of 390 ng L-1 (Wolschke et al., 2011) 

Influent waste water samples varied in the same concentrations as described to: BP1 in 
WWTPs in the Rhine and Koblenz River basins in Germany, with a range of 43-448 ng L-

1 (Wick and Ternes, 2010); BP3 in WWTPs in Genona, Italy, ranging 32 – 551 ng L-1 
(Magi et al., 2012); EtPABA in WWTPs of the metropolitan area of Barcelona, with a 
range of 36-120 ng L-1 (Gago-Ferrero et al., 2013a); BZT and MeBZT, in WWTPs from 
Berlin, Germany, with mean concentrations of 30500 ng L-1 and 3000 ng L-1, 
respectively (Reemtsma et al., 2010) and additionally for MeBZT in WWTPs in Athens, 
Greece, with a mean value of 11788 ng L-1 (Asimakopoulos et al., 2013). 

Effluent wastewaters had concentrations comparable to the ones mentioned for: BP1 
by Negreira et al. (2009b) with a mean of 41 ng L-1; BP3 in WWTPs from 2 coastal cities 
of Catalunya, Spain, with a range value of 20-100 ng L-1 (Pedrouzo et al., 2009); BZT in 
German WWTPs, with mean a concentration of 12500 ng L-1 (Reemtsma et al., 2010); 
MeBZT in Greek WWTPs, with mean values of 5447 ng L-1 (Asimakopoulos et al., 2013). 

Regarding suspended particulate matter samples from WWTP, the values obtained are 
proximate to values published for: BP3 in WWTP sludge from Spanish WWTPs, with a 
mean of 790 ng g-1, and also EHMC and OC with a range 610 – 3350 ng g-1 and 377 – 
3263 ng g-1, respectively (Gago-Ferrero et al., 2011a). Also, Rodil et al., (2009) reports 
sludge concentrations of OC, ranging 700-1842 ng g-1. 
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Ecotoxicological risk assessment 

As debated in the introduction of this project, the environmental presence of the 
studied UV filter compounds may imply potential ecotoxicological risks for aquatic 
organisms. In order to preliminary evaluate this potential risk, hazardous quotients 
(HQ) were calculated, for acute and chronic toxicity, using the following formula: 

𝐻𝐻𝐻𝐻 =  
𝑀𝑀𝑅𝑅𝐶𝐶
𝑃𝑃𝑃𝑃𝑅𝑅𝐶𝐶

;  𝑃𝑃𝑃𝑃𝑅𝑅𝐶𝐶 =
𝐿𝐿𝐶𝐶50
1000

 

where MEC is the measured environmental concentration (ng L-1), PNEC is the 
predicted non effect concentration (ng L-1) and LC50 is the lethal concentration (50%) to 
certain species and to a specific compounds. The hazardous quotient (HQ) is the ratio 
of the potential exposure to the substance and the level at which no adverse effects 
are expected. Values of HQ higher than 1, cause possible adverse health effects in 
considered species, as a result of exposure to the contaminant (EPA, 2005). 

The toxicological risk was assessed for different aquatic species of different trophic 
levels. Acute toxicity was studied for Daphnia magna, Daphnia galeata (invertebrates) 
and Vibrio fischeri (bacteria). Chronic toxicity was studied for Pimephales promelas and 
Oncorhynchus mykiss (fishes). The previous species are known for higher sensitive and 
quicker responses to environmental contaminants, which makes of them good 
bioindicators of environmental quality. 

Hazardous quotients for acute toxicity were estimated for Daphnia magna, Daphnia 
galeata and Vibrio fischeri in RW, IWW and EWW for BP3, 4MBC, BZT and MeBZT. 
Obtained values were compiled in Table 20 and 22, respectively (Annex 3).  

Evaluating the results presented in Figure 13, 14, and 15, it was clear that the levels of 
concentration of some of the target compounds pose no ecotoxicological risk for D. 
magna, in all samples, where values ranged always below 0.5 (the half potential risk). 
On the contrary, Daphnia galeata and Vibrio fischeri appear to have higher sensitivity 
to MeBZT, and in a lesser scale to BZT. These compounds have smaller margins of 
safety for potential risk, as result of HQ values in some cases higher than HQ = 0.5.  

In river water (Figure 13), values for Riera de Rubí (downstream) pose greater concern 
where maximum HQ’s for MeBZT were reached for D. galeata and V. fischeri, 0.84 and 
0.83, respectively. Considering influent wastewater samples (Figure 14), calculated 
values were in all cases under 1, and maximum quotients were reached in Sabadell 
WWTP, with values of BZT for D. galeata of 0.6, and of MeBZT for D. galeata and V. 
fischeri of 0.74 and 0.73, respectively. Regardless, HQ values of influent waters are of 
reduced significance, once these waters have no direct contact with environmental 
waters. Finally, effluent wastewaters (Figure 15), revealed in general smaller HQ for 
acute toxicity, and below 1, in all samples, as consequence of the wastewater 
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treatment, which reduces the concentrations of UV filters. The remarkable exception 
occurs in Rubí WWTP, where some values of hazardous quotients are higher than 1 
and adverse health effects are expected to the studied bioindicators. Calculated HQ’s 
were the following: BZT for D. galeata, 1.07; MeBZT for D. galeata and V. fischeri, 1.04 
and 1.02, respectively. 

Hazardous quotients for chronic toxicity were calculated for the fish species 
Pimephales promelas and Oncorhynchus mykiss, also in RW, IWW and EWW for BP1, 
BP3, EtPABA and 4MBC. Results are present in Table 21 and 23 (Annex 3).  

The calculated results, demonstrate that HQ for the selected species are in all samples, 
much smaller than 1 (Figure 16, 17 and 18). In general, it can be assumed that the 
occurrence levels found in the studied samples do not pose any significant chronic 
toxicity hazard for the present bioindicators. Though, one point is important to 
underline, two different authors indicate distinct LOEC values for BP3 in Oncorhynchus 
mykiss (Table 4). The smaller LOEC, 749 µg L-1, results with higher HQ values for 
chronic toxicity for O. mykiss, which in Montcada i Reixac IWW reach 0.69, narrowing 
the safety margins of safety for potential risk.  
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Figure 13 – Hazardous of acute toxicity for BP3, 4MBC, BZT and MeBZT for Daphnia magna, Daphnia galeata and Vibrio fischer 

in river water samples. 

 
Figure 14 – Hazardous of acute toxicity BP3, 4MBC, BZT and MeBZT for Daphnia magna, Daphnia galeata and Vibrio fischer in 

influent wastewater samples. 

 
Figure 15 - Hazardous of acute toxicity BP3, 4MBC, BZT and MeBZT for Daphnia magna, Daphnia galeata and Vibrio fischer in 

effluent wastewater samples. 
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Figure 16 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales promelas and Oncorhynchus mykiss in 

river water samples. 

 
Figure 17 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales promelas and Oncorhynchus mykiss in 

influent wastewater samples. 

 
Figure 18 – Hazardous of chronic toxicity for BP1, BP3, 4MBC and EtPABA for Pimephales promelas and Oncorhynchus mykiss in 

effluent wastewater samples. 
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6. CONCLUSION 

The comprehensive study of cosmetic UV filter compounds undertaken by this Master 
project allowed the extraction of several important conclusions. In regard of the 
literature research about the mentioned UV filter substances, as well as the study case 
of Barcelona, conclusions were as follows: 

- UV filters are a wide class of substances used in personal-care products, with 
considerable production and environmental introduction levels. Their lipophilic 
characteristics together with the increased introduction into the environment, 
required their regulation through legislation in several countries around the 
world; 

- Studies prove that these compounds will easily accumulate in biota fatty tissues, 
due to their lipophilic/hydrophobic characteristics.  Bioaccumulation in aquatic 
organisms will lead to the spread of these substances throughout the natural 
food chains; 

- Literature shows that sunscreen compounds are largely distributed into water 
bodies, with increased values in recreational and WWTPs waters. The ecotoxicity 
for UV filters is inferior to other organic contaminants; nevertheless their present 
levels in aquatic ecosystems may pose a potential health risk for biota. Some 
authors describe UV filters as possible endocrine disruptors, with adverse effects 
on fecundity and reproduction of fishes. 

- The case study, the city of Barcelona and its surrounding are a good study case 
for water contamination by UV filters as a result of the greater industrialization 
and human pressure experienced in the region.  

Considering the experimental part of this project, the analysis of river and WWTP 
water samples from the urban surrounding areas of Barcelona, and the posterior 
results evaluation, permitted to conclude the following ideas: 

- The analytical experimental method of determination of UV filters in water and 
suspended particulate matter samples, HPLC-MS/MS, was valid and adequate to 
perform the proposed analysis; 

- It is confirmed that the target UV filter compounds are present in all the studied 
rivers and tributaries, as all as, in all of the influent and effluent waters from the 
considered WWTPs; 

- Occurrence levels in water samples showed that transformation products, 4HB 
and 4DHB, were present in the lowest concentrations and benzotriazoles, BZT 
and MeZT, in significant concentrations, as a result of the high grade of 
industrialization of the studied region. Moreover, results point out to the greater 
contamination of the Besòs River basin, and the important contamination of the 
Llobregat’s tributary Riera de Rubí, in both cases as a consequence of the 
mentioned industrialization; 
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- Occurrence concentrations for suspended particulate matter were under the 
methods quantification limits for river water samples and had only significant 
values in influent wastewater samples from Rubí WWTP for the EHMC, OC, BZT 
and MeBZT as consequence of the heavier contamination of the waters 
proceeding from local industries; 

- Removal rates for UV filters varied among WWTPs and compounds, but in 
general, facilities with more complex biological secondary treatments delivered 
preferable removals. The degradation of compounds during the treatment 
process caused the increased values of BZT and MeBZT in effluent waters, 
clouding the removal rates for some of the studied facilities; 

-  The partition of UV filters among matrix phases remained unclear due to the low 
quantities of suspended particulate matter present in the water samples which 
impeded the a proper analysis. Nevertheless, the selected UV filters are expected 
to distribute easily into the solid phase of samples due to their lipophilic 
characteristics; 

- The assessed levels of occurrence of sunscreen compounds show small potential 
risks of ecotoxicological negative consequences for sensitive bioindicators, in all 
the studied waters. The notable exception is for BZT and MeBZT in effluent 
wastewater, where hazardous quotients for acute toxicity in D. galeata and V. 
fischeri were slightly higher than one for these substances, indicating a real 
potential risk to aquatic biota. 
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