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A  B  S  T  R  A  C  T  
 

Chemicals added in personal care products are of emerging concern because their fate and their effect on the 
environment is not completely known. Benzotriazole UV stabilizers (BUVSs) are compounds used in different 
cosmetic products, which may reach the marine environment through marine discharge from treated waters or 
directly from bathing areas. Once released into the aquatic ecosystem, BUVSs can be bioaccumulated by aquatic 
organisms. To identify the human exposure risk, it is important to have suitable analytical methods to determine 
the presence of BUVSs in these organisms. Because of the complexity of such a biological matrix, selective 
extraction and detection techniques are required to isolate and quantify these kinds of pollutants at trace levels. 
In the present work, we optimized a method based on microwave-assisted extraction combined with ultra-high 
performance liquid chromatography and mass spectrometry detection to determine six benzotriazole compounds in 
fish samples. The absolute extraction yields provided by the proposed method were higher than 40% for most 

compounds, with intra-day and inter-day relative standard deviations ranging from 0.27 to 6.06 and 1.12–21.3%, 
respectively. The limits of quantification were in the range of 1.13–9.66 ng g-1 (dry weight). The method was 
applied to the study of three species of fish (Boops boops, Sphyraena viridensis, Sphoeroides marmoratus) that were 
collected close to three marine outfalls of treated waters on the Gran Canaria Island (Spain) for two years. Four of 
the six studied compounds, UV-326, UV-328, UV-329 and UV-360, were found with concentrations ranging from 

1.34 ng g-1 to 45.6 ng g-1 (dry weight). 
 

 

 

1. Introduction 

 
The evolution of industry has brought important benefits to society. 

However, the increased quality of life is connected to the introduction of 
chemical substances in the environment. The European Union states 
that, from a list of more than 2700 potential marine contaminants, the 
majority of contaminants are emerging pollutants whose fate and po-
tential effects are poorly understood. Although a majority of these 
compounds is currently not included in control procedures, the Euro- 

pean Union could incorporate them in a “Watch List”, a vigilance pro- 
gramme for pollutants that contains candidates to be considered in future 
regulation (Loos et al., 2018). Among these compounds, the group of 
personal care products (PCPs) is one of the most diverse. Cos-metics and 
products related with the sun have gained special interest 

because of their increasing use due to the growing concern of the pop-
ulation regarding skin protection (Benede� et al., 2014). 

Benzotriazole ultraviolet stabilizers (BUVSs) are ingredients 
commonly added to sunscreens, makeup, lipsticks or hair dyes. Once 
used, they can reach the environment directly during swimming or other 
aquatic activities or indirectly by the discharge of sewage, because these 
compounds pass through wastewater treatment plants without being 
efficiently removed (Mao et al., 2020; Molins-Delgado et al., 2015). As a 
consequence, different BUVSs have been found in several samples 
including wastewater, seawater, sediments and sludges (Mon-
tesdeoca-Esponda et al., 2013a,b). On the other hand, plastic debris 
including microplastics are also a potential source of BUVSs due to their 
use as an antiaging additive (Rani et al., 2015, 2017). 

The occurrence of BUVSs in marine organisms has also been 
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demonstrated, with measured concentrations ranging from thousandths 
to tens of ng/g in fish (Kim et al., 2011a, 2011b; Peng et al., 2015), 
molluscs (Nakata et al., 2012), crustaceans (Peng et al., 2015), and even 
mammals (Nakata et al., 2010). BUVSs have also been found in the blood 
plasma of fish, turtles, birds and dolphins (Lu et al., 2016, 2019). 

The entry of this kind of pollutant could be especially dangerous in 
coastal tourist areas (Tovar-Sa�nchez et al., 2019) such as the Canary 
Islands, with tourists visiting throughout the year looking for sun and 
rest at the beach/pool. Therefore, the presence of very crowded touristic 
beaches and marine outfalls could act as substantial inputs of BUVSs for 
organisms living close to the coast, so it is essential to know the occur-
rence of BUVSs in different marine species, especially in fish because 
they represent food for humans and bigger animals. Due to the lipophilic 
character of BUVSs (with log Kow coefficients of up to 12), they are more 
likely to be stored rather rapidly than if they are metabolized or excreted 
(Gago-Ferrero et al., 2012) and they can be bioaccumulated and 
biomagnified. 

Regarding the worldwide occurrence of BUVSs in fish, few data are 
available. However, different approaches have been developed to 
determine BUVSs in freshwater fishes. They have been measured in 
rivers located in Germany (up to 65 ng g-1) (Wick et al., 2016), India (up 
to 79 ng g-1) (Vimalkumar et al., 2018), China (up to 3.3 ng g-1) (Peng 
et al., 2015) or Canada (up to 3.9 ng g-1) (Lu et al., 2016). 

The lack of information about the presence of these compounds is 
especially warning for marine species (Table 1). BUVSs have been found 
in marine fish species collected in the Manila Bay (Philippines) (Kim et 
al., 2011a, 2011b), with the highest detection frequencies for UV-P, 
UV-320 and UV-328 and greater concentrations detected for demersal 
species instead pelagic species. In addition, adult samples show higher 
BUVS levels compared to juvenile samples. UV-P was also measured in 
demersal fish in the Pearl River delta (China) with a significant detection 
frequency (Peng et al., 2015). UV-320, UV-326, UV-327 and UV-328 
were found in tidal flat and shallow water species from the Ariake Sea 
(Japan) (Nakata et al., 2009). In Europe, UV-328 has been measured in 
fish from Norway (Langford et al., 2015). 

Due to the complexity of the matrix, the analysis of biota samples 
requires selective extraction techniques and sensitive determination. 
Moreover, different pretreatment procedures are required to obtain the 
desirable portion, such as skin and bone removal, peeling, dissection or 
deshelling (Cadena-Aizaga et al., 2020). Depending on the specie and 
the size of the fish, different parts of the fish are typically analysed: 
separate muscle (Kim et al., 2011a, 2011b) and liver (Nakata el al. 
2009), belly (Peng et al., 2015) soft tissue (homogenates of muscle, 
stomach, intestines and liver) (Langford et al., 2015) or the whole or-
ganism (Nakata el al. 2009). 

Several extraction techniques such as Soxhlet (Nakata et al., 2010), 
ultrasound assisted extraction (USE) (Peng et al., 2015; Lu et al., 2018)), 
high-speed solvent extraction (HSSE) (Kim et al., 2011a, 2011b), pres-
surized liquid extraction (PLE) (Langford et al., 2015; Wick et al., 2016) 
or QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) meth-
odology (Picot Groz et al., 2014) have been applied in the analysis of 
BUVSs in aquatic organisms achieving good recoveries. 

In this work, a method based on microwave-assisted extraction 
(MAE) coupled to ultra-high performance liquid chromatography with 
tandem mass spectrometry detection (UHPLC-MS/MS) has been opti-
mized to determine six BUVSs (UV-P, UV-326, UV-327, UV-238, UV-
329, UV-360) in different kinds of fish. This extraction technique has 
been already applied in the determination of BUVSs in sediments and 
sludges (Montesdeoca-Esponda et al., 2013) and also in seaweeds 

(Pacheco-Jua�rez et al., 2019). However, to the best of our knowledge, 
MAE has not been previously employed in the analysis of BUVSs in fish 
samples. 

MAE represents an important alternative for the rapid extraction of 
samples as it reduces the extraction time and allows for the preparation 
of multiple samples in one single step. In addition to efficiency, MAE 
allows the use of lower volumes of organic solvents than other 

methodologies (Esteve-Turrillas et al., 2004). 
Once the method was optimized, it was applied to the study of three 

species of fish collected close to three marine outfalls of treated waters in 
the Gran Canaria Island (Spain) for two years. In a previous work, BUVSs have 
already been measured in sewage, coastal seawater and sediment 
samples taken from these marine outfall areas, with detected concen- 

trations in the range of 13.12–1933 ng L-1, 67.01–2419 ng L-1 and 

4.42–2162 ng kg-1 dry weight, respectively (Montesdeoca-Esponda 
et al., 2019). One of the target compounds has also been found in algae 
samples from the Gran Canaria Island (Pacheco-Jua�rez et al., 2019). 

Three different fish species (Boops boops, Sphyraena viridensis, 
Sphoeroides marmoratus), which have different eating habits and roles in 
the ecosystem, were studied. Boops boops is an omnivorous species that 
feeds by scraping algae, and it is eaten by carnivore big fish, as, for 
example, the also studied Sphyraena viridensis, while Sphoeroides mar-
moratus feeds on molluscs and small invertebrates. Since Boops boops and 
Sphyraena viridensis are consumed very much in the Canary Islands, they 
could act as a vector of pollution for humans. Therefore, from both 
ecological environment and human health points of view, it is important 
to determine and evaluate the presence of BUVSs in fish. 

 
2. Experimental 

 
2.1. Sample collection and preparation 

 
The fish samples (Boops boops, Sphyraena viridensis and Sphoeroides 

marmoratus) were manually caught in coastal areas close to three different 
marine outfalls in the Gran Canaria Island (Spain) by a pro-fessional 
fisherman. The selected marine outfalls correspond to three important 
wastewater treatment plants on the Gran Canaria Island, located in Las 
Palmas de Gran Canaria (LPGC), Arinaga (ARI) and San Agustín (SAN) 
(Fig. 1) and they were monitored every season for two years. Specifically, 
the samples were collected on July 2016, October 2016, January 2017, 
April 2017, July 2017, October 2017, January 
2018 and April 2018. 

The organisms were dissected, and muscle and viscera were prepared 
to analyse them separately. A pool of samples was prepared for each 

specie, location and date, and they were subject to freeze drying at -55 
aC (using a LyoQuest model, Telstar, Barcelona, Spain), mixed and sifted 

to a particle size smaller than 300 μm. 
To optimize and validate the extraction methodology, samples of 

Boops boops taken offshore were spiked with 250 ng g-1 of a mixture of 
the target analytes. 

 
2.2. Reagents and materials 

 
Target compounds, whose main characteristics are listed in Table 2, 

were obtained from Sigma-Aldrich (Madrid, Spain). Stock solutions at 

250 μg mL-1 were prepared in acetone and stored in glass-stoppered 

bottles at 2–5 �C in dark conditions, while daily standards were pre-
pared in methanol. 

Solvents and additives were employed as extractants, and mobile 
phases were purchased from Panreac Quimica (Barcelona, Spain). 

Phree Phospholipid Removal SPE cartridges from Phenomenex 

Espan~a (Madrid, Spain) and 0.2 μm syringe polyethylene terephthalate 
(PET) filters from Macherey-Nagel (Germany) were employed to clean 
the extracts. 

 
2.3. Analytical determination 

 
The determination of the pollutants was carried out by an ACQUITY 

UHPLC (Waters Chromatography, Barcelona, Spain) equipped with a 
Binary Solvent Manager (BSM), a 2777 autosampler, a column manager 
and a triple quadrupole mass spectrometry detector (TQD) with an 
electrospray interface (ESI). All components were controlled with 
MassLynx Mass Spectrometry software. An ACQUITY UHPLC Waters 



S. Montesdeoca-Esponda et al.  

3 

 

 

 
Table 1 
BUVSs determined in marine fish samples by different techniques. 

Studied fish Target 

compounds 

Extraction procedure Determination 

technique 

Recoveries 

(%) 

LODs Found 

concentration 

(ng⋅g-1) 

Reference 

20 fish species from the families UV-P 

UV-9 

HSSE, hexane:acetone (1:1, 

v/v) at 10 mL/min, 30 min 

UHPLC-MS/MS 71–112 0.2–9 
(pg⋅g-1) (lw) 

0.03–0.41 (ww) 
- 

Kim et al., 

(2011a) 

- Carangidae, UV-234 and 30 �C    0.02–0.66 (ww)  

- Mugilidae, UV-320 Deactivated silica gel    0.001–0.41 (ww)  

- Clupeidae, UV-326     0.02–0.49 (ww)  

- Gerreidae, UV-327     0.004–0.54 (ww)  

- Teraponidae, UV-328     0.03–0.56 (ww)  

- Engraulidae, UV-329     0.005–0.52 (ww)  

- Scombridae,        

- Polynemidae,        

- Sillaginidae,        

- Mullidae,        

- Scatophagidae,        

- Labridae,        

- Serranidae 

- Valamugil buchanani 
 

UV-P 
 

HSSE, hexane:acetone (1:1, 
 

UHPLC-MS/MS 
 

71 
 

8 (pg⋅g-1) 
 

0.06–0.21 (ww) 
 

Kim et al., 

- Epinephelus corallicola 

- Mugil cephalus 
 

UV-9 

v/v) at 10 mL/min, 30 min 

and 30 �C 

  
103 

(lw) 

0.2 (pg⋅g-1) 
 

- 

(2011b) 

  
UV-234 

Deactivated silica gel   
111 

(lw) 

2 (pg⋅g-1) 
 

0.02–0.34 (ww) 

 

  
UV-320 

   
96 

(lw) 

0.3 (pg⋅g-1) 
 

0.001–0.02 (ww) 

 

  
UV-326 

   
102 

(lw) 

8 (pg⋅g-1) 
 

0.14–0.48 (ww) 

 

  
UV-327 

   
104 

(lw) 

8 (pg⋅g-1) 
 

0.006–0.13 (ww) 

 

  
UV-328 

   
112 

(lw) 

9 (pg⋅g-1) 
 

0.001–0.03 (ww) 

 

  
UV-329 

   
108 

(lw) 

2 (pg⋅g-1) 
 

0.04–0.06 (ww) 

 

 
- Gadus morhua 

 
UV-234 

 
PLE, dichloromethane: 

 
LC-HRMS and 

 
46 

(lw) 

10 (ng⋅g-1) 
 

- 
 

Langford 
  

UV-327 
hexane (1:1, v/v), 3 � 5 min 
cycles at 100 �C 

GC-HRMS  
72 

(LOQ) (ww) 

50 (ng⋅g-1) 
 

- 

et al., 

(2015) 
  

UV-328 

GPC and Envirogel column   
68 

(LOQ) (ww) 

10 (ng⋅g-1) 
 
<10–19.5 

 

  
UV-329 

   
72 

(LOQ) (ww) 

25 (ng⋅g-1) 
 

- 

 

 
- Herbivorous and omnivorous 

 
UV-320 

 
Soxhlet, 

 
GC/MS 

 
114 

(LOQ) (ww) 

0.05 (ng⋅g-1) 
 
<0.05–7 ((ww) 

 
Nakata 

mudskippers 

- Teleost fish (flathead, solefish, 
 

UV-326 

DCM:hexane (8:1, v/v), 5 h 

GPC and silica gel column 

  
122 

(ww) 

0.1 (ng⋅g-1) 
 
<0.1–5.6 (ww) 

et al., 

(2009) 

right eye flounder, sandperch, 

sweetlips, mullet, sea bass, 
 

UV-327 

   
114 

(ww) 

0.12 (ng⋅g-1) 
 
<0.12–13 (ww) 

 

hairtail) 

- Cartilaginous fish (eagle ray and 
 

UV-328 

   
110 

(ww) 

0.15 (ng⋅g-1) 
 
<0.15–55 (ww) 

 

hammerhead shark)     (ww)   

- Small wild species (whole) UV-P UAE, 3 x 20 mL MeOH, 15 UHPLC–MS/MS 79-98 (filet, 3 0.003–1 0.03–3.33 (wild Peng et al., 

- Farmer Red snapper (filet and  min  levels) (ng⋅g-1) species) (dw) (2015) 

belly)  GPC column  71 (belly) (LOQs) (dw) 0.40 (filet) (dw)  

      0.67 (belly) (dw)  

 UV-329   55-102 (filet,  0.11 (Goby) (dw)  

    3 levels)    

    91 (belly)    

 UV-326   74-96 (filet, 3  7.95 (filet) (dw)  

    levels)  11.4 (belly) (dw)  

    42 (belly)    

 UV-324   79-91 (filet, 3  0.20 (filet) (dw)  

    levels)  0.26 (belly) (dw)  

    65 (belly)    

 UV-327   70-85 (filet, 3  1.0 (filet) (dw)  

    levels)  1.8 (belly) (dw)  

    56 (belly)    

 UV-328   78-90 (filet, 3  0.8 (belly) (dw)  

    levels)    

    58 (belly)    

 UV-531   89-120 (filet,  7.90 (fillet) (dw)  

    3 levels)  12.14 (belly)  

    74 (belly)  (dw)  

HSSE: high-speed solvent extraction. 
PLE: pressurized liquid extraction. 
GPC: Gel permeation chromatography. 
UAE: ultrasound assisted extraction. 
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lw: lipid weight. 
ww: wet weight. 
dw: dry weight. 

 

 

 
 

Fig. 1. Location of sampled marine outfalls in Gran Canaria Island (Spain). 

 

BEH C18 column (50 � 2.1 mm and 1.7 μm particle size) was used at 35 
�C under a flow rate of 0.6 mL/min of methanol with 0.1% of formic acid 
in isocratic mode. The optimum ESI parameters were as follows: capil-
lary voltage at 4 kV, cone voltage at 30 V, extractor voltage at 2 V, RF 

lens voltage at 1 V, source and desolvation temperature at 150 �C and 
450 �C, respectively, desolvation gas flow (nitrogen) at 500 L h-1 and 
cone gas flow (argon) at 50 L h-1. The specific detection parameters 
applied for each compound are shown in supplementary material 
(Table SM1). 

 
2.4. MAE extraction and clean up 

 
The microwave oven used for the extraction was a 6 EVAP rotor, and 

6 MF100 vessels were purchased from Anton-Paar (Graz, Austria). 
The procedure was carried out using 100 mg of fish sample with the 

addition of 2.5 mL of acetonitrile as extractant. After 10 min of applying 
200 W of power, the vessels were cooled for 10 min before opening. 

Then, the extracts were filtered through a 0.20 μm filter to avoid solids 
and they were passed through a phospholipid removal cartridge in order 
to remove interferences. Finally, the extract was dried with nitrogen and 
reconstituted with 1 mL of acetonitrile to obtain a more concentrated 
solution before being injected into the UHPLC-MS/MS system. 

 
3. Results and discussion 

 
3.1. MAE optimization 

 
To obtain the maximum extraction efficiencies, all the parameters 

involved in the MAE procedure were carefully optimized. A 23 experi-
mental design was employed to study the effect of each variable under 
the influence of the others. Two distant levels were initially tested for three 
variables: 5 and 10 min of extraction time, 300 W and 800 W of power and 
4 mL and 8 mL of methanol as extractant solvent. 

This first approach showed that better recoveries were obtained 
using 10 min of extraction time, while the hardest conditions of power 

(800 W) provided poor results. For that, a subsequent experimental 
design had to be drawn to test mild conditions. Regarding the extractant 
volume, the normalised extraction efficiencies were similar for both 
tested values, so the lowest value is preferred to obtain a higher 
preconcentration. 

Taking into account this previous picture, the following 23 experi-
mental design was set to enhance the response: time, 12 min and 14 min; 
power, 100 W and 200 W; solvent volume, 2.5 mL and 5 mL. Regarding 
time, tested times did not provide better recoveries than 10 min, so the 
lower value was selected to not enlarge the procedure unnecessarily. In 
contrast, the weakest conditions for the power did not seem to be enough 
to facilitate the extraction of the analytes from the matrix, so 300 W was 
fixed. Among the tested volumes, 2.5 mL of solvent provided the better 
relation for the signal-concentration in the normalised recoveries. 

Finally, the efficiencies of different solvents as extractants were 
compared. Methanol, acetonitrile and a mix of both (50:50, v/v) were 
tested. As seen in Fig. 2, the best recoveries were obtained using 
acetonitrile as extraction solvent from fish tissue samples. 

In summary, the best conditions for the target BUVSs in fish samples 
were 10 min of time at 300 W using 2.5 mL of acetonitrile as extractant. 

 
3.2. Analytical parameters 

 
Extraction efficiencies, linearity, precision and detection/quantifi-

cation limits (Table 3) were calculated to validate the optimized method 
for the determination of target BUVSs in fish muscle and viscera. 

To overcome the matrix effect, calibration curves in fish muscle and 

viscera in the range 1–500 ng g-1 (except for UV-326 and UV-327 

starting at 5 ng g-1) were built using the matrix match calibration 
approach. Linear correlation coefficients higher than 0.992 were ob-
tained for all the target compounds in both matrices. 

Absolute recoveries were tested at two concentration levels (20 ng 

g-1 and 200 ng g-1) in three replicate fish samples. The results were in 

the range of 13.1–75.4% and 22.9–72.8% for muscle and viscera, 
respectively. As can been observed in Table 3, similar results were ob- 
tained for the lowest concentrations and for the viscera samples. The 
poorest absolute recoveries were provided by the most polar compound, 
UV-P. 

To evaluate both intra-day and inter-day precision, six replicates 

spiked at two different concentrations (20 ng⋅g-1 and 200 ng⋅g-1) were 
performed. The obtained values, expressed as the relative standard de- 
viation (RSD), ranged from 0.21% to 6.06% for intra-day and from 
1.12% to 21.3% for inter-day. All these results showed that the accuracy 
and precision of this method was adequate. In general, better repro-
ducibility was obtained for muscle samples than for viscera, probably 
because the higher fat content of this matrix produces a greater inter-
action between the target compounds and sample matrix, which makes 
the extraction with organic solvent difficult. 

Limits of detection (LODs) and quantification (LOQs) were obtained 
from the signal to noise relation (S/N) for the analyte peaks, assuming 
minimum detectable S/N levels of 3 and 10, respectively. The LODs and 

LOQs ranged from 0.34 to 2.87 and 1.13–9.66 ng g-1 for muscle, and 

0.60–2.43 and 2.00–8.09 ng g-1 for viscera, respectively. 
 
3.3. Analysis of marine fish species 

 
The optimized method was applied to study the presence of the target 

BUVSs in the muscle and viscera of three species of coastal fish samples 
taken close to three marine outfalls in the Gran Canaria island (Spain) 
during the 2-years of monitoring. A total of 144 samples were analysed, 
each one by triplicate, and the obtained positive results are 
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Target compounds and main characteristics (Log Kow obtained from ECOSAR Program, US EPA). 

Abbreviation CAS 

number 

Common name IUPAC name Log 

Kow 

Chemical structure 

 
 

 

 
 

 

 

Fig. 2. Comparison of solvent efficiencies in the MAE for BUVSs (200 ng g-1, 
dry weight in muscle). 

 
shown in Fig. 3 and in the supplementary material (Table SM2). 

Regarding the muscle samples, only three compounds were detected. 
UV-328 was the most frequently found compound, appearing in the 
three sampled species, while UV-326 was measured in two species and 
UV-360 was only found in Boops boops (Fig. 3a). The concentrations in 

this matrix ranged from 4.16 ng g-1 to 34.9 ng g-1, and the maximum 
levels correspond to UV-326 and UV-328 in Boops boops (e.g., 29.8 ng 

g-1 of UV-328 in October 2017 in Las Palmas de Gran Canaria or 34.9 ng 

g-1 of UV-326 in April 2017 in Arinaga). All the data belong to the year 
2017; no compounds were detected in 2016 and 2018. 

A higher number of positive samples were obtained in the analysis of 
target BUVSs in viscera samples (Fig. 3b). Almost all the measured 

concentrations were below 10 ng g-1, but some prominent results were 

recorded, such as 45.6 ng g-1 found for UV-328 in Boops boops from San 
Agustín in January 2017. No pattern of temporal variability was 
observed, although the best concentrations were obtained in January 
2017. In this matrix, the most frequently measured compound was UV-

329 with concentrations varying between 1.34 ng g-1 and 10.7 ng g-1 in 
the three studied locations. In the case of the viscera, the most polluted 
specie is not Boops boops, so future studies to observe accumulation in 
different tissues depending on the characteristics of the species would be 
helpful. 

These results demonstrate the widespread dissemination of BUVSs in 
the marine ecosystem. Although the volume of obtained data is not 
enough to apply a statistical analysis, we can observe that the highest 
frequencies of detection for both muscle and viscera samples corre-
sponds to fish taken in the San Agustín marine outfall. This fact is in 
agreement with the results obtained when seawater and sediments from 
the same marine outfalls were studied previously (Montesdeoca-Es-
ponda et al., 2019). This trend might be related to tourist activities, since 
this is one of the most popular locations on the Gran Canaria Island for 
tourism. The amount of floating population was higher between October 
and April; the high tourist season in the Canary archipelago, and its 
effect could be noticeable both for the increase in sewage in wastewater 
treatment plants and for the direct entry of BUVSs in very crowded 

    

 

   

 

   

 

 

 

  

 

   

 

 

  

 



S. Montesdeoca-Esponda et al. 

6 

 

 

 
Table 3 
Analytical parameters for the developed MAE-UHPLC-MS/MS method. 

   
LOD (ng g-1) 

 
LOQ (ng g-1) 

  Absolute recoveries (%)  

  Muscle Viscera Muscle Viscera  Muscle  Viscera   

       
20 ng g-1 200 ng g-1 20 ng g-1 200 ng g-1 

 

UV-P  1.46 1.31 4.86 4.36  14.5 13.1 24.0 22.9  

UV-326  2.87 2.43 9.56 8.09  46.9 37.9 48.1 48.3  

UV-327  2.75 2.37 9.16 7.89  40.9 33.6 53.3 57.4  

UV-328  0.88 1.18 2.93 3.93  39.0 38.8 56.7 50.2  

UV-329  0.34 0.60 1.13 2.00  45.5 39.1 56.0 57.0  

UV-360  1.27 1.46 4.23 4.86  75.4 60.3 72.8 68.4  

  Precision (RSD, %)          

  Intra-day     Inter-day     

  Muscle  Viscera   Muscle  Viscera   

  
20 ng g-1 200 ng g-1 20 ng g-1 200 ng g-1 

 
20 ng g-1 200 ng g-1 20 ng g-1 200 ng g-1 

 

UV-P  2.76 0.28 3.94 5.26  2.30 2.21 11.3 7.37  

UV-326  6.06 3.08 4.20 3.30  21.3 5.96 9.66 20.9  

UV-327  0.57 0.76 2.88 2.51  1.12 4.59 8.15 12.6  

UV-328  0.44 0.56 2.40 4.41  1.62 1.59 14.6 17.8  

UV-329  0.27 0.62 1.13 0.32  5.81 4.25 4.41 13.5  

 UV-360  2.44 0.21 1.77 0.86  5.96 5.80 14.7 21.1  

 

Fig. 3. Concentration of BUVSs in coastal fish samples: a) muscle; b) viscera (ng g-1, dry weight). 
 

beaches. A smaller number of positive samples was found in Las Palmas 
de Gran Canaria samples for both muscle and viscera samples. 

The theoretical human health risk for the measured concentrations 
cannot be evaluated because, for the best of our knowledge, the refer-
ence dose for chronic oral exposure values is not available for target 

BUVSs. 

 
4. Conclusions and future trends 

 
A reliable determination of trace level compounds in biota matrices 
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requires a selective, sensitive and robust analytical method. The opti-
mized MAE-UHPLC-MS/MS procedure provides satisfactory analytical 
parameters for such a complex matrix, allowing one to analyse both fish 
muscle and viscera. The application of the optimized method to coastal 
fish taken near marine outfalls showed the occurrence of BUVSs com-
pounds in several species. 

The most frequently found compounds were UV-328 in muscle and 
UV-329 in viscera samples, although clear spatial and temporal vari-
ability was not observed among the results. While the majority of pos-
itive results in muscle were obtained for Boops boops, in viscera, the 
accumulation in this specie was not outstanding. 

Since BUVSs have already been measured in coastal seawater and 
sediment samples taken from the studied marine outfall areas (UV-326, 

UV-328 and UV-329 with concentrations in the range 67.01–2419 ng 
L-1 and 4.42–2162 ng kg-1 dry weight, respectively), their occurrence 
in fish feeding at these places is proven to arise from the discharge of 
sewage. 

Although the levels found for target analytes are relatively low, 
taking into account that Boops boops and Sphyraena viridensis are 
consumed very much in the Canary Islands, their occurrence in such 
species must be carefully studied to determine the possible transference 
to humans. The reference dose for chronic oral exposure to these com-
pounds is necessary in order to calculate the human health risk associ-
ated with the concentrations found. 

To understand the behaviour of target analytes in the trophic chain 
and obtain a whole picture of their distribution in the Canary archi-
pelago, it is necessary to enlarge the sampling and include other eatable 
marine organisms in future studies. 
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