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• Comprehensive monitoring of CECs by 
target and non-target analysis (LC- 
HRMS)

• Pharmaceuticals were the most detected 
compounds in surface waters.

• NTA enabled tentative identification of 
79 CECs, 12 of them confirmed.

• Even in rural areas most of the pollut
ants detected are from urban origin.

• The lack of WWTPs in small rural vil
lages showed higher impact on water 
pollution.
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A B S T R A C T

The pollution of natural waters by contaminants of emerging concern (CECs) is one of the pressing problems due 
to their global distribution and potential negative effects on the environment and human health. In rural areas 
with lower population density and limited industrial development, less contamination is expected. However, the 
lack of wastewater treatment plants (WWTPs) or their poor removal efficiency can lead to significant input of 
pollutants. In this context, 11 streams of rural areas in the Guadalquivir River basin, southeast of Spain, were 
studied over two years to obtain an overview of the origin and distribution of contaminants. A target method 
using solid-phase extraction and liquid chromatography coupled to high resolution mass spectrometry (LC- 
HRMS) was developed for the analysis of 316 compounds in surface waters. A total of 78 target analytes were 
detected, comprising pesticides, pharmaceuticals, personal care products (PCPs), transformation products (TPs), 
and industrial chemicals. The flame retardant tributyl phosphate (16–3572 ng L− 1) was detected in all samples, 
followed by caffeine (30–8090 ng L− 1) and the analgesic tramadol (3–1493 ng L− 1). The target approach was 
combined with a non-target analysis (NTA) strategy to obtain an overall perspective of the chemical profile of 
unexpected or unknown compounds in the samples. Up to 79 contaminants were tentatively identified, and 12 of 
them were finally confirmed with standards. Most of the contaminants determined by NTA were pharmaceuticals 
and their TPs. The results indicated that most of CECs have an urban origin despite traditional agriculture is the 
main economic activity in this region. Moreover, the absence of WWTPs in small towns is significant, as 
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contamination levels at these sites were comparable to or higher than those in larger populations with sewage 
treatments.

1. Introduction

Nowadays, thousands of organic chemicals are produced and used 
worldwide. Interest in monitoring many of these compounds, also called 
contaminants of emerging concern (CECs) or emerging contaminants 
(ECs), has considerably increased due to their potential risks to aquatic 
ecosystems and human health (Bletsou et al., 2015; Hollender et al., 
2019). CECs, which include pesticides, pharmaceuticals, personal care 
products (PCPs), and industrial chemicals, among others, are released 
into surface waters through agricultural runoff and municipal or in
dustrial wastewater discharges (Mofijur et al., 2023). Once in the 
environment, CECs can be degraded through varied processes into 
transformation products (TPs), which may occasionally be more mobile, 
toxic, and persistent than parent compounds (Escher and Fenner, 2011; 
Zahn et al., 2024). In addition, there is still a significant knowledge gap 
regarding TPs compared to their parent compounds in terms of struc
ture, physicochemical properties, mobility, and behavior in the envi
ronment. Current legislation primarily focuses on parent chemicals, 
while TPs are rarely addressed. Also, it should be considered that aquatic 
ecosystems are not isolated compartments and they have an impact on 
the global environment, including biota and the food chain to humans 
(Escher et al., 2020). It is therefore necessary to acquire knowledge 
about the origin, fate, and environmental consequences of the CECs to 
establish more effective management policies. So far, the deterioration 
of natural resources caused by the continuous discharge of CECs into 
water bodies and the changing conditions of aquatic ecosystems due to 
climate change has prompted the European Union (EU) to establish 
regulations devoted specifically to the monitoring of CECs in surface 
waters (EC, 2013, 2022). However, these regulations constrain the 
number of CECs officially monitored to a few substances included in the 
denominated Watch List; thus, scientific research in this field is required 
to provide additional knowledge.

Liquid chromatography coupled to high-resolution mass spectrom
etry (LC-HRMS) is one of the most efficient tools for monitoring organic 
micropollutants, making it one of the crucial instrumental techniques for 
assessing surface water quality (Menger et al., 2020). Nevertheless, 
conventional and routine analyses are often focused on target strategies, 
whose scope is restricted to preselected analytes, causing potential 
pollutants to go unnoticed. The combination of LC-HRMS and non-target 
analysis (NTA) provides a comprehensive overview of the number of 
organic micropollutants present in a sample through the identification 
of unexpected or unknown compounds in the environment, even retro
spectively (Tian et al., 2019; Kiefer et al., 2021; Bonnefille et al., 2023). 
Notwithstanding the evident advantages of NTA, processing the huge 
amount of HRMS data acquired, the need for feature prioritization steps 
to enable efficient data reduction of relevant chemical information, and 
the often-time-consuming manual structural elucidation and compound 
identification are substantial challenges to the application of NTA stra
tegies. To overcome this, and in addition to vendor software, different 
open-source data processing algorithms, such as MS-DIAL (Tsugawa 
et al., 2015), MZmine (Katajamaa et al., 2006), and XCMS (Smith et al., 
2006) have been developed in recent decades. Similarly, prioritization 
strategies, and tentative identification using open-source spectral li
braries (MoNA, 2024) have been improved to identify unknown con
taminants in environmental samples (Vosough et al., 2024). Besides, 
recent scientific advancements have proposed semi-quantification ap
proaches for NTA results based on prediction models. These analytical 
strategies aim to obtain enhanced chemical information, improve the 
transition from qualitative to quantitative approaches, and overcome 
the limitations caused by the lack of analytical standards (Vosough et al., 
2024).

In the present study, a comprehensive strategy combining cutting- 
edge analytical tools has been applied to investigate the occurrence of 
CECs in a set of 11 small streams in rural areas of the Guadalquivir River 
basin. Although small streams often constitute most of the river network 
and basin surface, they are commonly underrepresented in surveillance 
campaigns. These small rivers could be exposed to greater contamina
tion due to a direct connection with the agricultural environment and 
their lower potential for dilution (Casado et al., 2019; Toth et al., 2024). 
In addition, some small populations lack wastewater treatment plants 
(WWTPs) or they exhibit poor removal efficiency. The high expenses 
linked to construction and maintenance hinder small towns from 
adopting treatment technologies, and contamination levels of small 
streams could be comparable to those of large rivers (Fernández-García 
et al., 2024). Guadalquivir River headwaters are located in the province 
of Jaén. Therefore, most of its tributaries in this region are small streams 
subjected to diffuse contamination from agriculture, mainly olive 
groves, and from urban discharges where small rural populations pre
dominate. Even though this is one of the most important basins in Spain, 
no monitoring studies specifically focused on CECs have been reported 
in the last ten years (Masiá et al., 2013; López-Serna et al., 2013; Robles- 
Molina et al., 2014). In this context, two combined methodologies based 
on HPLC-HRMS/MS analysis, a wide-scope target method with >300 
compounds, and an NTA strategy, were employed for the determination 
of the contaminants. The integration of both approaches facilitated the 
identification of potential contamination sources from urban or agri
cultural origin, offering a comprehensive perspective on the chemical 
status of the surface waters of rural areas.

2. Material and methods

2.1. Chemicals and reagents

Reference standards of 316 target compounds (Table S1) including 
pesticides, pharmaceuticals, PCPs, drugs of abuse and some of their 
more relevant TPs, and 12 isotopically labeled analytical standards 
(acetamiprid-d3, atenolol-d7, bentazone-d6, caffeine-13C3, chlorfenvin
phos-d10, citalopram-d6, diclofenac-d4, difenoconazole-d6, diuron-d6, 
imazalil-d5, isoproturon-d6, and myclobutanil-d4) were acquired from 
Merck Group (Darmstadt, Germany) and Dr. Ehrenstorfer (Augsburg, 
Germany). Methanol (MeOH), water, and formic acid (FA) (LC-MS 
grade) were supplied by Merck Group (Darmstadt, Germany). Solid 
phase extraction (SPE) Oasis HLB cartridges (200 mg, 6 mL) were from 
Waters (Milford, MA, USA).

2.2. Sampling and pretreatment

The Guadalquivir River is the primary river in southern Spain. It 
covers an area around 57,000 km2 with a total length of 657 km. The 
basin crosses over 12 provinces with a population of 4.4 million in
habitants. Approximately 49 % of the river basin is used for agriculture, 
while about 1.5 % is for urban use (Confederación Hidrográfica del 
Guadalquivir, 2024). A total of 36 surface water samples were collected 
in the upper Guadalquivir River basin located in the province of Jaén 
(south of Spain) over two years (Fernández-García et al., 2024). Eleven 
sampling points (P) were monitored in four sampling campaigns in 
October 2021/2022 (autumn) and April 2022/2023 (spring). Sample 
collection coincided with the application of phytosanitary products used 
in olive groves, the primary cultivar of the province. Composite samples 
were collected in amber glass bottles (1 L) and they were stored at 
− 20 ◦C until analysis. Most of the points are small streams and tribu
taries (P1 - P10) of the main Guadalquivir River (P11), as described in 
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our previous work (Fernández-García et al., 2024). Sampling sites were 
characterized by high agricultural pressure (mainly olive groves) and 
low urban influence (headwaters and downstream small villages with 
<6000 inhabitants, with and without WWTPs). Additional information 
on sampling points is available in Table S2.

To isolate the CECs from the matrix, the protocol employed was 
based on our previous studies (Robles-Molina et al., 2014; Fernández- 
García et al., 2024). Briefly, 200 mL of water sample, previously filtered 
using cellulose filters (0.45 μm pore size), were loaded in a SPE cartridge 
(Oasis HLB, 200 mg, 6 mL) preconditioned with 4 mL of MeOH and 8 mL 
of H2O (LC-MS grade). After sample loading, the cartridge was dried 
under vacuum (30 min approx.). Retained analytes were eluted with 2 
aliquots of 4 mL of MeOH. Then, the extract was evaporated in a water 
bath at 37 ◦C, under nitrogen stream 15 psi until dryness (30 min 
approx.). The final residue was re-dissolved with 2 mL of MeOH. Finally, 
an aliquot of 200 μL was diluted with 800 μL of H2O and spiked with a 
mix of 12 isotopically labeled internal standards to reach a final con
centration of 25 ng L− 1. The final sample preconcentration factor was 
20.

2.3. LC-HRMS/MS analysis

Instrumental analysis was carried out using the same conditions as 
previously reported by our group (Fernández-García et al., 2024). 
Chromatographic separation was conducted in a Thermo Vanquish Flex 
LC system (Thermo Fisher Scientific, Waltham, MA, USA) using a Zorbax 
Rapid Resolution High Definition (RRHD) Eclipse Plus C18 column (2.1 
mm × 50 mm, 1.8 μm) from Agilent (Agilent Technologies Santa Clara, 
MA, USA). The mobile phase consisted of H2O (A) and MeOH (B) both 
with 0.1 % FA. The elution gradient started at 10 % of B; linear ramping 
to 50 % B from 0.5 to 4 min; linear increased to 95 % B until 17 min; this 
condition was kept until 25 min; lowered again to 10 % B at 25.1 min, 
and kept constant until 30 min. The flow rate was 0.3 mL min− 1, the 
injection volume was set at 10 μL, and the column oven temperature at 
30 ◦C. Ionization was carried out with a heated electrospray ionization 
source (HESI) operating in both positive and negative modes (individual 
analysis) with a spray voltage of 3.5/− 2.5 kV and a capillary tempera
ture of 300 ◦C. Detection was performed in a Q-Exactive Orbitrap 
(Thermo Fisher Scientific). Spectral acquisition was performed by MS1 
full-scan (FS) (m/z 65 to 950) at a resolving power of 70,000 FWHM 
followed by five data-dependent acquisition (DDA) MS2 spectra with a 
resolution of 17,500 FWHM for each scan. Details of HESI conditions 
and measuring parameters are given in Tables S3 and S4.

2.4. Target method validation

The target method validation was carried out using surface water 
samples. Dynamic linear range, method quantification limits (MQLs), 
trueness (recovery studies), matrix effect, and precision (expressed in 
terms of intra-day and inter-day precision as relative standard deviation, 
RSD) were evaluated. The full information about method validation is 
provided in the Supplementary material (Text S1 and Table S5). Pro
cedural blanks (reagent H2O extracted following the sample SPE pro
tocol), and instrumental blanks (H2O:MeOH (80:20, v/v)) were analyzed 
to check for contamination or carry-over potential effects. Matrix- 
matched calibration curves prepared in sample extracts were used for 
the quantitative analysis.

2.5. Processing of target compounds

Xcalibur 3.0 and Trace Finder 3.3 (Thermo Fisher Scientific) soft
ware were used for qualitative and quantitative data analysis of the 316 
target analytes. The compounds were quantified using matrix-matched 
calibration curves. The confirmation was based on the following 
criteria: Rt (±0.1 min), a mass accuracy error of the protonated [M +
H]+ or deprotonated molecule [M-H]− (< 5 ppm), an isotopic pattern fit 

of M + 1 and M + 2 (< 5 ppm), and the presence of one or more product 
ions (< 5 ppm error). The analytes that fulfilled all these criteria were 
classified at level 1 of confidence (Schymanski et al., 2014). For target 
compounds without MS2 spectra due to low peak intensity, but that met 
the requirements for precursor ion and isotopic pattern mass errors, Rt 
match, and presence of an MS2 spectrum in another sample analyzed in 
the same batch, they were also considered at level 1.

2.6. Non-target analysis

2.6.1. Preprocessing parameters
HRMS raw data files were firstly converted to .abf format using 

Reifycs Analysis Base File Converter Reifycs Abf Converter (n.d.). MS- 
DIAL software (v. 5.1.23) (Tsugawa et al., 2015) was used for data 
preprocessing with an automated workflow. The optimization of each 
preprocessing parameter was done individually based on the recall of 
the target analytes and internal standards. The settings applied for peak 
picking, spectrum deconvolution, peak alignment, and identification 
were as follows: mass tolerance for MS1 was set at 0.002 Da and for MS2 
at 0.05 Da; minimum peak height 50,000; mass slide width 0.05 Da; 
minimum peak width 8 scans; smoothing level 4, and sigma window 
value of 0.5. A retention time (Rt) tolerance of 0.2 min and an MS1 
tolerance of 0.002 Da were selected in the alignment. Procedural blanks 
were used for blank subtraction. The settings for compound annotation 
using the MassBank of North America (MoNA, 2024) spectral library 
database included MS1 and MS2 tolerances of 0.002 and 0.05 Da, 
respectively, with an 80 % of cut off. All detailed parameters applied in 
MS-DIAL are presented in Table S6.

2.6.2. Compound identification and semi-quantification
For compound annotation, different approaches were implemented. 

The first strategy involved the use of the open-source MoNA spectral 
library. Hits with poor peak shape, peak width, and/or low-quality MS2 
spectra were discarded after manual revision. Then, compounds with an 
unequivocal MS2 spectrum match with the library (> 80 % spectral 
similarity) were assigned to level 2a of confidence, and those with 
insufficient information for an exact structure proposal were classified at 
level 3 of confidence, according to Schymanski et al. (2014).

For the remaining unannotated features, a prioritization strategy was 
implemented to reduce the complexity of the dataset. For this purpose, 
features with a peak intensity above 1 × 106, present in several samples 
(at least in the 30 % of the samples), and/or exhibit a recognizable time- 
trend (a specific feature present at the same sampling point across all 
sampling campaigns) were considered. For formula assignment, the el
ements C, H, O, N, P, S, Cl, Br, and F, mass defect, the presence of 
indicative Br/Cl/S isotopologues, the nitrogen rule, and rings and dou
ble bond equivalents (DBE) rule were considered using Xcalibur 3.0 
software. Tentative structures were searched in PubChem online data
base (PubChem, 2024), and a manual MS2 elucidation was performed 
with the aid of the in-silico webtool Metfrag (Ruttkies et al., 2016; 
Bolton et al., 2024) to compare the predicted fragments with the ac
quired ones.

In order to confirm and semi-quantify some of the identified com
pounds, reference standards were purchased and a semi-quantitative 
approach using matrix-matched calibration curves was employed. The 
concentrations of analytes included in identification levels 2 and 3 were 
estimated using the calibration curve of the closest eluting compound of 
the target method assuming similar ionization efficiencies (Malm et al., 
2021).

3. Results and discussion

3.1. Target analysis

A total of 78 compounds (25 % of the target scope) were detected at 
least once in the river samples. As shown in Fig. 1, pharmaceuticals were 
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the predominant group with 40 compounds from different therapeutic 
classes (including 4 TPs) across most of the sampling points. This group 
was followed by pesticides (25 and 1 TP), drugs of abuse (5), PCPs (5), 
and industrial chemicals (2, flame retardants (FR) and plasticizers) 
(Table S7). The profile of CECs detected in this work is consistent with 
data reported by López-Serna et al. (2013) and Robles-Molina et al. 
(2014) in the same river basin. Although collected from different sam
pling points, pharmaceuticals such as antipyrine, atenolol, codeine, 
metoprolol, naproxen, paracetamol, and sotalol were detected at similar 
concentration levels. In the same line, pesticides atrazine, DEET, diuron, 
simazine, and terbuthylazine, and the PCPs caffeine and nicotine were 
also detected by Robles-Molina et al. (2014) in rivers of the province of 
Jaén. It should be highlighted that the number of CECs has increased in 
comparison to the study by Robles-Molina et al. (2014). In the latter, 
compounds such as carbamazepine, carbendazim, chlorotoluron, 
diclofenac, flufenamic acid, gemfibrozil, isoproturon, ketoprofen, met
formin, or triethyl phosphate were not detected, although they were 
included in the scope of analysis. Furthermore, the limits of quantifi
cation of this previous work were similar or lower than in the present 
study due to a greater preconcentration step during SPE protocol. In 
contrast, all of these analytes were detected in the current study, some 
with frequencies of detection above 30 %. This fact suggests that the 
occurrence of CECs could have diversified in the last ten years.

Tributyl phosphate was the analyte most frequently detected (100 % 
of samples) with a maximum concentration of 3572 ng L− 1. This FR is 
widely used in many applications, such as anti-foaming agents, elec
tronic equipment, furniture, and plasticizers, among others. It is 
commonly detected in aquatic environments (Zhu et al., 2022). Expo
sure to this compound could cause negative effects on aquatic organisms 
due to its bioaccumulation in tissues, affecting photosynthesis mecha
nisms (Song et al., 2016) and posing a potential risk for respiratory 
diseases like asthma (Coelho et al., 2024). Other compounds with a high 
frequency of detection were caffeine (97 % of samples, maximum con
centration of 8090 ng L− 1), and its metabolite theophylline (66 % of 
samples, maximum concentration of 2316 ng L− 1), which agrees with 
other studies (Robles-Molina et al., 2014).

In addition, 6 Priority Substances namely atrazine, diuron, iso
proturon, simazine, and terbutryn with median concentrations ranging 
from 7.3 to 52.8 ng L− 1 were detected (Table S7). All of them had 
concentration levels below their respective Environmental Quality 
Standards (EQS) established in the European regulation (EC, 2013). 
Furthermore, 9 compounds included in the Watch List (EC, 2022) were 
determined: azoxystrobin, metformin, o-desmethylvenlafaxine, penco
nazole, sulfamethoxazole, tebuconazole, tetraconazole, trimethoprim, 
and venlafaxine with median concentrations between 8.3 and 310 ng 
L− 1 (Table S7). The presence of these compounds included in European 
legislation is broadly reported in other Spanish river basins (Fonseca 

et al., 2019; Čelić et al., 2021; Royano et al., 2023).
In general, pharmaceuticals were the predominant group of com

pounds found at most of the sampling points (Fig. 1), likely due to their 
widespread human consumption. Several of the pharmaceuticals 
detected, including carbamazepine, citalopram, telmisartan, tramadol, 
or venlafaxine, can bioaccumulate in aquatic invertebrates even at 
relatively low concentrations (Grabicová et al., 2024). In the present 
study, 20 % of the pharmaceuticals determined were antibiotics. The 
main ecotoxicological effects associated with antibiotics include growth 
inhibition of primary producers and the development of antibiotic 
resistance (Khan et al., 2020). It is remarkable that although the phar
maceutical metformin was poorly recovered (12.7 %) in SPE due to its 
strong influence by pH conditions in HLB cartridges (Oertel et al., 2018), 
it was detected in 61 % of the samples with estimated concentrations 
ranging between 10.3 and 2031 ng L− 1. Gabapentin showed similar 
results in terms of low recovery rates (14.3 %) and estimated concen
trations in the 2.1–95.2 ng L− 1 range. Recovery values have not been 
used in the calculation of the concentrations in real samples; conse
quently, the real concentrations of these polar analytes might be higher. 
These findings emphasize the need to develop specific methods for the 
enrichment of very polar compounds to obtain accurate concentrations 
in aquatic environments.

As expected, and in line with our previous study (Fernández-García 
et al., 2024), pesticides were one of the main classes of compounds 
observed. Agriculture is the principal economic activity in the region, 
primarily focused on olive oil production. In general, a diverse range of 
pesticides was determined, although they were not found at high con
centrations. Only acetamiprid, azoxystrobin, carbendazim, fenuron, 
fluometuron, tetraconazole, and thiabendazole showed median con
centrations above 100 ng L− 1 (Table S7). However, despite their low 
concentration levels, mixtures of contaminants could pose a potential 
ecotoxicological risk for different aquatic ecosystems, as observed with 
the calculation of the Risk Quotient index (RQ) for pesticides in our 
previous work conducted in the same river basin (Fernández-García 
et al., 2024). Regarding PCPs and stimulants, a small number of positive 
detections were associated with the highest concentration levels (Fig. 1), 
primarily influenced by the presence of caffeine and theophylline at high 
concentrations.

The overall CECs detected are consistent with findings from other 
studies conducted both within and outside of Europe in recent years. The 
human markers caffeine and nicotine, and some pharmaceuticals, such 
as atenolol, carbamazepine, diclofenac, or ibuprofen were among the 
most abundant compounds detected in the north of Italy by Riva et al. 
(2019) at comparable concentration values. Very similar results were 
reported by Malnes et al. (2022) in surface water of Sweden, where 
pharmaceuticals were the predominant group followed by industrial 
chemicals, PCPs, and pesticides. Numerous pharmaceuticals and PCPs as 

Fig. 1. Number of analytes determined through target analysis (left) and average concentrations in each sampling point during 4 sampling events per compound 
class (right).
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well as various TPs were detected in surface and groundwaters of the 
Danube River Basin by Ng et al. (2023). Pharmaceuticals were also the 
most detected compounds in Canadian lakes, closely followed by the 
pesticide atrazine and the metabolite cotinine (Lahens et al., 2024). 
Likewise, industrial chemicals, among them, plasticizers, flame re
tardants, and vehicle-related compounds were reported in the Yellow 
River of China, although the presence of these compounds reached 43 % 
of the total compounds probably due to a more urbanized area (Cao 
et al., 2023).

3.2. Non-target analysis

An NTA strategy based on automatic data preprocessing using MS- 
DIAL open-source software combined with a manual revision of the re
sults was developed to identify compounds out of the target method. 
Following automatic preprocessing steps, a total of 11,452 and 8905 ion 
features with assigned MS2 spectra were obtained for positive and 
negative ionization modes, respectively. The number of features was 
further reduced to 5338 and 6460 after blank subtraction in each case. 
The automatic search using the public spectral library (MoNA, 2024) 
yielded the annotation of 296 preliminary structures in positive ioni
zation mode and 26 structures in negative mode. This list was subse
quently refined through manual revision to remove hits with poor peak 
shape, MS2 spectra with low quality, and compounds detected in the 
target screening. The final list of candidates using MoNA library 
included 66 tentative identifications.

For the tentative identification of the remaining unannotated fea
tures, a prioritization step based on intensity threshold and occurrence 
trend across sampling points/events was carried out to reduce data 
complexity. This feature list consisted of a total of 114 features, where 
entries with poor chromatographic shape and noisy chromatograms 
were ruled out. By the examination of their MS1 information and the 
application of different chemical rules (see Section 2.6.2), up to 16 
features could be semi-automatically annotated with a molecular for
mula. After that, molecular formulas were searched in PubChem website 
and a manual MS2 spectral elucidation with the aid of Metfrag software 
was carried out. Up to 13 analytes were tentatively identified using this 
approach. The tentative identification of the surfactant N,N-bis(2- 
hydroxyethyl)octanamide exemplifies the overall process. As depicted 
in Fig. S1, a feature with m/z 232.1908 and Rt 6.35 min was detected in 
Cambil River (P4), Jandulilla River (P5), and Campillo River (P7) in 
three samplings. The molecular formula C12H25NO3 was assigned to this 
ion considering the mass error of [M + H]+ and [M + Na]+ adduct ions, 
M + 1 and M + 2 isotopologues (< 5 ppm), and DBE rule = 1. The 
experimental MS2 spectral fragmentation provided by PubChem data
base using APCI ion source and the in-silico fragmentation obtained 
using PubChemLite in Metfrag led to its tentative identification in con
fidence level 3 due to the presence of several fragments with mass errors 
below 5 ppm.

As shown in Table 1, the final list of candidates included 79 tentative 
identifications employing both annotation approaches. Among these, 12 
compounds were finally confirmed with the reference standards (level 
1), 47 were assigned at level 2a of confidence, 11 were classified at level 
3, and 9 were included in level 4. Only 3 compounds, diethanolamine, 
phenacetin, and propham, resulted in false positive identifications due 
to mismatches with the retention time of the corresponding standard. 
Notably, these compounds were tentatively identified using the spectral 
database, meeting all the criteria for their classification at identification 
level 2a. Furthermore, their MS2 spectra revealed several product ions 
with mass errors below 5 ppm and relative abundances matching the 
reference spectra in the library in each case. However, they resulted in 
false positive identifications despite manual data revision, a fact that 
underscores the significant complexity involved in the identification 
process.

Overall, the compounds were classified into: natural products (15), 
pharmaceuticals (13), TPs (14), industrial chemicals (11), PCPs (14), 

other organic contaminants (3), and unknown (9). Figs. 2 and S2 illus
trate the potential of combining both, targeted and non-targeted ap
proaches, demonstrating how much information can remain hidden if 
only target methods are employed. Specifically, industrial chemicals, 
PCPs, and TPs were mainly detected by NTA (Fig. 2), and in the cases of 
P7 and P11, around 40 % of compounds were discerned using NTA 
(Fig. S2).

To evaluate the impact of the analytes determined by NTA, a semi- 
quantification strategy was carried out to estimate the concentration 
of the compounds included in identification levels 1, 2, and 3. Fig. 3
depicts the number of compounds and the estimated concentrations in 
each sampling point. Although a direct comparison between the con
centrations of target analytes and non-target compounds cannot be 
made because the latter were estimated and potentially subjected to 
errors, (Malm et al., 2021) the concentration levels at some sampling 
sites would be equal to or even greater than those calculated for target 
CECs. This fact was specifically relevant for pharmaceuticals and their 
TPs, illustrating the analytical potential of combining both strategies.

Some of the pharmaceuticals identified by NTA have previously been 
reported in other Spanish river basins at similar concentration levels, 
such as losartan, metoprolol, naproxen, and propyphenazone (Valcárcel 
et al., 2011; Fonseca et al., 2020). However, the NTA results led to the 
identification of pharmaceuticals rarely included in monitoring cam
paigns or mentioned in the literature. This is the case for sitagliptin, an 
antidiabetic drug with a median estimated concentration 90 ng L− 1. It is 
commonly used when monotherapy with an oral antidiabetic drug, such 
as metformin, is insufficient for treating type-2 diabetes (Martin et al., 
2012). Another example is the immunosuppressant mycophenolic acid 
(median concentration 436 ng L− 1), which is used to prevent organ 
transplant rejections (Hu et al., 2023). This cytostatic compound has 
been related to high risks for aquatic biota in surface and wastewater 
(Gouveia et al., 2019). In addition, most of the TPs identified using NTA 
are pharmaceutical by-products. Although TPs are often less active and 
toxic than their parent compounds, in some cases the active substructure 
can remain intact after transformation, making the TP potentially more 
toxic in similar concentrations, such as sulfamethoxazole and its TP N4- 
acetyl-sulfamethoxazole (Lentz et al., 2024). Furthermore, some TPs 
showed higher estimated median concentrations than their parent 
compounds: atrazine desisopropyl, 10,11-dihydro-10-hydroxycarbama
zepine, carbamazepine-10,11-epoxide, lidocaine N-oxide, O-desme
thylvenlafaxine, and theobromine. However, precursor compounds 
were generally detected with greater frequency.

PCPs of different types were detected in river samples. UV filters such 
as phenylbenzimidazole sulfonic acid or benzophenone-4 are widely 
used to protect the skin from ultraviolet radiation and are commonly 
detected in surface, groundwater, and wastewater (Palmiotto et al., 
2018). Other compounds used in foaming agents, fragrances, or syn
thetic musks, such us 4-methyl-5-thiazoleethanol, coumarin, linalool, 
lauryl diethanolamide, and tonalide were also detected, with median 
estimated concentrations ranging from 22 to 252 ng L− 1. Tonalide, 
detected in 30 % of samples, is a synthetic musk that can pose a risk to 
aquatic environments due to its potential toxicity and persistence. It has 
been detected in other Spanish rivers (Llamas-Dios et al., 2021).

Industrial chemicals such as vehicle-related contaminants 1,3-diphe
nylguanidine, hexa-methoxymethyl-melamine, and 2-benzothiazolesul
fonic acid were detected with median concentrations ranging from 
168 to 1170 ng L− 1. These compounds used as vulcanization accelera
tors, rubber components, or crosslinking agents were reported in marine 
environments (Tian et al., 2019) and surface waters (Finckh et al., 
2024). They are associated with toxicological effects in aquatic organ
isms (Chibwe et al., 2022). Diphenyl isophthalate, N-butylbenzene
sulfonamide, and N-ethyl-o-toluenesulfonamide were detected as 
plasticizers. Despite their frequency of detection was below 14 % in 
samples, N-ethyl-o-toluenesulfonamide showed one of the highest me
dian concentrations (2872 ng L− 1). This industrial chemical is widely 
used in plastics, dyes, cosmetics, and pesticide formulations (Kandie 
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Table 1 
List of compounds (tentatively) identified by NTA. Retention time (Rt, min), confidence level (CL, according to Schymanski et al., 2014), detection frequency (DF, %), 
median concentration (ng L− 1), concentration range (ng L− 1), and standard used for the semi-quantification of analytes included in confidence levels 2 and 3.

Compound Formula Rt 
(min)

m/z Adduct CL DF 
(%) 
(n =
36)

Median 
conc. (ng 
L− 1)

Range (ng 
L− 1)

Class Quantitative 
standard (Rt)

1-(3-Carboxypropyl)-3,7- 
dimethylxanthine

C11H14N4O4 3.8 267.1088 [M+H]+ 2a 6 22 10–33 Pharmaceutical TP Antipyrine (3.8)

1,3-Diphenylguanidine C13H13N3 3.5 212.1182 [M+H]+ 2a 19 168 18–640 Vulcaniser/catalyst Atrazine 
desisopropyl 
(3.5)

Unknowna C20H26O3 12.3 315.1952 [M+H]+ 4 8 – – – –
10,11-Dihydro-10- 

Hydroxycarbamazepine
C15H14N2O2 4.9 255.1128 [M+H]+ 1 8 298 207–356 Pharmaceutical TP –

1-Aminoadamantane C10H17N 3.5 152.1434 [M+H]+ 2a 8 70 30–109 Antiviral Fuberidazole 
(3.6)

2,4-Dihydroxybenzophenone C13H10O3 7.2 215.0703 [M+H]+ 1 3 258 258 UV filter
Unknowna C8H10O3S 3.4 185.0278 [M− H]− 4 17 – – – –
2-[4-(Diethylamino)-2- 

hydroxybenzoyl]benzoic 
acid

C18H19NO4 8.7 314.1387 [M+H]+ 3 3 89 89 UV filter TP Triadimefon 
(8.7)

2′-Methylacetanilide C9H11NO 4.7 150.0913 [M+H]+ 3 11 53 35–280 Reagent Venlafaxine (4.7)
2-Benzothiazolesulfonic acid C7H5NO3S2 3.2 215.9784 [M+H]+ 2a 8 1170 925–1357 Vulcaniser Thiametoxam 

(3.2)
Unknowna C8H18O4S 6.6 209.0852 [M− H]− 4 25 – – – –
2-Methyl-4′-(methylthio)-2- 

morpholinopropiophenone
C15H21NO2S 4.8 280.1366 [M+H]+ 2a 3 35 35 Drug of abuse Propanolol (4.9)

3-(2-Hydroxyphenyl) 
propanoic acid

C9H10O3 4.5 165.0557 [M− H]− 2a 6 100 93–106 Natural product Atrazine desethyl 
(4.4)

4-Acetamidoantipyrine C13H15N3O2 3.1 246.1237 [M+H]+ 2a 64 548 57–6715 Pharmaceutical TP Trimethoprim 
(3.1)

4-Aminoantipyrine C11H13N3O 2.1 204.1131 [M+H]+ 1 17 414 136–1179 Pharmaceutical TP
4-Formylaminoantipyrine C12H13N3O2 3.1 232.1081 [M+H]+ 2a 56 268 58–2486 Pharmaceutical TP Trimethoprim 

(3.1)
Unknowna C9H12O3S 4.5 199.0436 [M− H]− 4 8 – – – –
4-Methyl-5-thiazoleethanol C6H9NOS 1.1 144.0478 [M+H]+ 2a 22 252 51–606 Flavouring agent Sotalol (1.3)
4-Pyridoxic acid C8H9NO4 0.9 184.0604 [M+H]+ 2a 6 254 231–278 Natural product Thiocyclam (0.9)
6-Phenyl-1,3,5-triazine-2,4- 

diamine
C9H9N5 3.0 188.0931 [M+H]+ 2a 8 833 584–892 Cross-linking agent Lincomycin (2.9)

7-Diethylamino-4- 
methylcoumarin

C14H17NO2 8.3 232.1332 [M+H]+ 2a 3 1819 1819 Brightener/ 
fluorescent dye

Propyzamid (8.3)

Acetylsalicylic acida C9H8O4 6.9 181.0492 [M+H]+ 2a 25 – – Pharmaceutical –
Adrenosterone C19H24O3 6.0 301.1798 [M+H]+ 2a 3 223 223 Hormone Carbamazepine 

(6.0)
Androsta-1,4-Dien-3,17-dione C19H24O2 6.9 285.1838 [M+H]+ 2a 6 564 247–880 Steroid Diuron (6.9)
Atenolol acid C14H21NO4 3.0 268.1543 [M+H]+ 2a 6 95 38–153 Pharmaceutical TP Trimethoprim 

(3.1)
Azoxystrobin (free acid) C21H15N3O5 6.9 390.1084 [M+H]+ 2a 3 92 92 Pesticide TP Diuron (6.9)
Benzenesulfonamide C6H7NO2S 6.2 158.0270 [M+H]+ 2a 3 74 74 Pharmaceutical TP Fluometuron 

(6.2)
Benzoic acid C7H6O2 3.3 123.0442 [M+H]+ 3 8 41 30–68 Pesticide TP Thiabendazole 

(3.3)
Benzophenone-4 C14H12O6S 4.9 307.0282 [M− H]− 1 6 1099 581–1617 UV filter –
Benzoylecgonine C16H19NO4 3.7 290.1387 [M+H]+ 1 33 419 176–986 Drug of abuse TP –
Bisoprolol C18H31NO4 4.6 326.2326 [M+H]+ 1 8 114 111–115 Beta-blocker –
Corticosterone C21H30O4 7.9 347.2217 [M+H]+ 2a 6 37 32–42 Natural product Terbuthylazine 

(7.9)
Coumarin C9H6O2 4.5 147.0441 [M+H]+ 2a 11 50 28–436 Cleaning product Atrazine desethyl 

(4.4)
Cyclo(Leu-Pro) C11H18N2O2 4.0 211.1442 [M+H]+ 2a 8 207 145–265 Food additive Lamotrigine (4.0)
Unknowna C12H14O4 6.9 223.0969 [M+H]+ 4 17 – – – –
Unknowna C8H18O3 4.8 163.1330 [M+H]+ 4 17 – – – –
Unknowna C16H22O4 11.8 279.1594 [M+H]+ 4 8 – – – –
Diphenyl isophthalate C20H14O4 5.7 319.0965 [M+H]+ 3 3 30 30 Plasticizer Imazalil (5.7)
Enalapril C20H28N2O5 5.1 377.2078 [M+H]+ 1 11 156 118–302 Antihypertensive –
Enterolactone C18H18O4 5.8 299.1281 [M+H]+ 2a 6 162 152–171 Natural product Flumequine (5.8)
Europine C16H27NO6 2.2 330.1911 [M+H]+ 2a 3 1225 1225 Natural product Theobromine 

(2.1)
Heliotrine C16H27NO5 3.1 314.1962 [M+H]+ 2a 3 89 89 Natural product Trimethoprim 

(3.1)
Heliotrine N-oxide C16H27NO6 3.4 330.1911 [M+H]+ 3 3 240 240 Natural product Thiabendazole 

(3.3)
Hexa-methoxymethyl- 

melamine
C15H30N6O6 6.1 391.2300 [M+H]+ 2a 6 381 222–540 Cross-linking agent/ 

vulcaniser
Carbamazepine 
(6.0)

Hordenine C10H15NO 0.7 166.1226 [M+H]+ 2a 6 347 211–483 Natural product Cyromazine (0.8)

(continued on next page)
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et al., 2020), and it is considered a neurotoxic compound that can affect 
the kidneys and liver (Marrocco et al., 2015).

3.3. Spatial distribution of CECs

Surface water is a highly dynamic environment, meaning each 
sampling event provides only a snapshot of the pollution of the sampled 
area. A total of 157 analytes were determined in samples, a fact that 
reflects the high structural diversity and usage of the contaminants 
found. Fig. 4 depicts the distribution of different classes of compounds 
identified by both target and NTA, as well as the total concentration 
considering the median values of the four sampling campaigns.

Pharmaceuticals were the predominant group determined at almost 
all catchment points, representing around 50 % of the contamination in 
P3, P4, P5, P7, P9, and P11, mainly affected by urban discharges. PCPs 
were detected in all sampling points representing approximately be
tween 15 and 30 % of total concentration. Caffeine, nicotine, and their 

by-products were among the most ubiquitous compounds. Despite the 
predominant agricultural practice of olive groves in the basin, pesticides 
represented an average of 20 % of the total concentrations. This in
dicates that although agriculture is the main economic activity of the 
region, it is not the primary source of most of the determined pollution. 
TP had an important role in samples, particularly in those catchments 
close to urban areas, where they represented between 8 and 23 % of 
compounds. Industrial chemicals were detected in all sampling points, 
mainly flame retardants and plasticizers globally used.

As expected, headwaters and sampling points close to natural areas 
(P1, P2, P6, P10) exhibited a lower number of detected compounds. The 
absence of agricultural activity and human disturbance is reflected in 
low concentration levels and a less varied range of compounds. A few 
kilometers downstream from headwaters; in the Arbuniel River (P3, 
downstream P1) and the Cambil River (P4, downstream P2), the number 
of compounds determined was significantly higher than upstream in the 
case of P4 and more diverse at both sampling points (Fig. 4). While the 

Table 1 (continued )

Compound Formula Rt 
(min)

m/z Adduct CL DF 
(%) 
(n =
36)

Median 
conc. (ng 
L− 1)

Range (ng 
L− 1)

Class Quantitative 
standard (Rt)

Indoleacetic acid C10H9NO2 4.6 176.0706 [M+H]+ 2a 8 369 228–559 Plant growth 
regulator

Codeine (2.2)

Kynurenic acid C10H7NO3 3.1 190.0499 [M+H]+ 2a 17 156 30–1062 Natural product Trimethoprim 
(3.1)

Lasiocarpine N-oxide C21H33NO8 4.8 428.2279 [M+H]+ 2a 3 39 39 Natural product Venlafaxine (4.7)
Lauryl diethanolamide C16H33NO3 11.7 288.2533 [M+H]+ 2a 14 4925 427–35,835 Foaming agent Difenoconazole 

(11.6)
Lidocaine N-oxide C14H22N2O2 3.7 251.1754 [M+H]+ 2a 6 71 53–89 Pharmaceutical TP Antipyrine (3.8)
Linalool C10H18O 5.6 155.1430 [M+H]+ 2a 6 81 60–102 Fragrance Hexazinone (5.5)
Loliolide C11H16O3 4.4 197.1170 [M+H]+ 2a 33 168 12–579 Natural product Fluconazole (4.3)
Losartan C22H23ClN6O 7.2 423.1700 [M+H]+ 2a 33 56 15–221 Antihypertensive Spiroxamine 

(7.1)
Lumichrome C12H10N4O2 5.2 243.0877 [M+H]+ 2a 28 1645 262–5639 Natural product Carbadox (5.2)
Methyl trans-styryl ketone C10H10O 6.4 147.0804 [M+H]+ 2a 8 2661 1599–3646 Flavouring agent metobromuron 

(6.3)
Metoprolol C15H25NO3 3.9 268.1907 [M+H]+ 1 3 202 202 Beta-blocker –
Mycophenolic acid C17H20O6 7.5 321.1333 [M+H]+ 2a 11 436 129–1045 Immunosuppresant Irbesartan (7.5)
N-(2,4-Dimethylphenyl) 

formamide
C9H11NO 5.0 150.0913 [M+H]+ 3 3 898 898 Pesticide TP citalopram (5.0)

N4-Acetylsulfamethoxazole C12H13N3O4S 4.4 296.0700 [M+H]+ 2a 3 72.9 73 Pharmaceutical TP Fluconazole (4.3)
N6-(delta2-Isopentyl)-adenine C10H13N5 4.1 204.1244 [M+H]+ 2a 6 74 69–80 Natural product Lamotrigine (4.0)
N,N-Bis(2-hydroxyethyl) 

decanamidea
C14H29NO3 9.2 260.2226 [M+H]+ 3 8 – – PCP/surfactant –

N,N-Bis(2-hydroxyethyl) 
octanamidea

C12H25NO3 6.4 232.1905 [M+H]+ 3 8 – – Surfactant –

Unknowna C13H21N 2.2 192.1744 [M+H]+ 4 8 – – – –
N,N-Dimethyldodecylamine 

N-oxidea
C14H31NO 9.4 230.2479 [M+H]+ 3 8 – – PCP/surfactant –

Naproxen C14H14O3 7.8 231.1016 [M+H]+ 1 8 1043 866–2276 Anti-inflammatory
N-Butylbenzenesulfonamide C10H15NO2S 6.2 214.0896 [M+H]+ 2a 14 53 37–343 Plasticizer Fluometuron 

(6.2)
N-Ethyl-4-menthane-3- 

carboxamide
C13H25NO 8.9 212.2009 [M+H]+ 2a 14 756 71–891 Flavouring agent Chloroxuron 

(8.9)
N-Ethyl-o-toluenesulfonamide C9H13NO2S 5.2 200.0740 [M+H]+ 2a 6 2872 1876–3867 Plasticizer Carbadox (5.2)
Unknowna C14H29NO2 4.4 244.2266 [M+H]+ 4 8 – – – –
N-Nitrosomorpholine C4H8N2O2 1.0 117.0659 [M+H]+ 1 6 3348 381–6316 Nitrosamine –
Pentoxifylline C13H18N4O3 4.5 279.1446 [M+H]+ 1 11 252 134–359 Hemorrhologic 

agent
–

Phenylbenzimidazole sulfonic 
acid

C13H10N2O3S 3.0 275.0485 [M+H]+ 2a 22 90 44–339 UV filter Trimethoprim 
(3.1)

Piperine C17H19NO3 9.0 286.1438 [M+H]+ 2a 3 994 994 Natural product Chloroxuron 
(8.9)

Propyphenazone C14H18N2O 5.9 231.1492 [M+H]+ 1 8 175 173–236 Analgesic –
Sitagliptin C16H15F6N5O 4.0 408.1254 [M+H]+ 2a 11 90 59–98.8 Antidiabetic Lamotrigine (4.0)
Tiapride C15H24N2O4S 2.3 329.1530 [M+H]+ 2a 6 143 113–173 Antidepressant Codeine (2.2)
Tonalide C18H26O 14.5 259.2056 [M+H]+ 3 31 22 18–71 Synthetic musk Fenazaquin 

(14.5)
Triphenylphosphine oxide C18H15OP 7.6 279.0933 [M+H]+ 2a 8 2134 2009–2660 Catalyst Irbesartan (7.5)
Ursocholic acid C24H40O5 12.0 426.3214 [M+NH4]+ 3 3 136 136 Natural product Prosulfocarb 

(12.0)

a Compounds tentatively identified by manual annotation.
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total concentrations found in P1 and P3 were quite similar, an accu
mulation effect was observed when comparing P2 and P4. The increased 
concentration in P4 could be primarily attributed to discharges from 
nearby small villages, as indicated by the concentration levels found for 
pharmaceuticals and PCPs (Table S2) (Fig. 4), as well as higher agri
cultural pressure evidenced by the important contribution of pesticides.

Sampling points close to small villages lacking WWTPs or having 
inadequately upgraded treatment facilities showed higher contaminant 
emissions. This fact was observed when comparing the Jandulilla River 
(P5, downstream from a population of 6000 inhabitants with a WWTP) 
to Campillo River (P7, downstream from a village of 1700 inhabitants 
without a WWTP) (Fig. 4). Even though the contaminant emission 
profiles in both areas were equivalent according to the distribution and 
categories of positive detections, significant differences in total CEC 
concentration loads were observed (Fig. S3). It is important to mention 
the case of acetaminophen (paracetamol), with an average concentra
tion of 280 ng L− 1 in P5 and 29,505 ng L− 1 in P7 (Fig. S3). It has been 
proven that the removal efficiency of this compound in municipal 
WWTPs is around 95 % (Wu et al., 2023). P7 exhibited the highest 
median concentration level (1635 ng L− 1) followed by the largest river 
(Guadalquivir River, P11) and the second maximum number of CECs 
(88) (Fig. S2). This fact underscores the importance of the imple
mentation of sewage treatment systems, even in small populations, and 

the substantial influence that urban discharges have on water courses 
(Mandaric et al., 2018).

Downstream P7, a different contamination pattern was observed. In 
Guadalbullón River (P8, downstream P7), the number of positive de
tections and median concentrations decreased considerably from 1635 
(P7) to 172 ng L− 1 (P8), likely due to dilution effects. Nonetheless, 
pollution levels slightly increased again downstream in P9 (Jaén River, 
320 ng L− 1), possibly as a result of a higher agricultural pressure and a 
larger urban population nearby.

The most polluted point in terms of the highest number of positives 
(92) was P11. This fact agrees with our previous findings focusing only 
on pesticides and TPs (Fernández-García et al., 2024). Although this is 
the largest river sampled and a dilution effect could be expected, the 
catchment site was located at the confluence of three tributaries, which 
means it collects the main part of the runoff of the province. The pres
ence of pesticides used in agricultural practices for crops different than 
olive groves and the influence of industrial chemicals due to the dis
charges of an industrial area upstream may explain the substantial 
contribution to the total concentration observed at this point.

4. Conclusions

The chemical status of rural streams with low industrial development 

Fig. 2. Number of compounds identified by non-target analysis and total compounds detected.

Fig. 3. Number of positive determinations through NTA (left) and estimated average concentrations of compounds in each sampling point (right).
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in the Guadalquivir River basin was successfully characterized using a 
combination of target and NTA through LC-HRMS/MS analysis. A total 
of 157 compounds were identified comprising both strategies. At least 
five different compounds were detected in all samples studied, which 
shows the ubiquity of CECs, even in headwaters. The target method 
revealed that pharmaceuticals (40) were the main class of compounds 
detected, followed by pesticides (25), while PCPs contributed with the 
highest concentrations. This demonstrates that contamination has 
mostly an urban origin, despite agriculture is the main sector in this 
area. Up to 6 Priority Substances and 9 compounds included in the 
Watch List were detected, all of them with concentrations below the 
maximum allowable levels. The application of the NTA approach 
revealed the presence of 79 additional analytes of different classes. Up to 
12 of these compounds were confirmed with their analytical standards, 
and 47 were tentatively identified at a high confidence identification 
level (2a). At some sampling sites, the concentration levels of the CECs 
determined through NTA were similar to those found for target com
pounds. These results highlight the importance of including non-target 
strategies to (tentatively) identify compounds that would otherwise 
have remained undetected, and the greater amount of chemical infor
mation that can be gathered using NTA strategies. Despite this, many 
potential organic micropollutants can remain unnoticed due to the large 
amount of data generated in LC-HRMS and NTA, which makes data 
processing one of the main bottlenecks in environmental analysis. 
Future developments in more efficient and reliable data processing tools 
are crucial to fully exploit the potential of NTA for comprehensive 
environmental monitoring.

By examining the total concentration loads along downstream 
courses, it was observed that the accumulation of CECs was primarily 
due to urban impact, as indicated by the higher presence of pharma
ceuticals, their TPs and PCPs. However, some streams near small urban 
populations showed contamination levels similar to those of the largest 
river in terms of both number of CECs determined and total concen
trations. This could be attributed to the lack of WWTPs or their poor 
performance in small towns. Therefore, the lack of a WWTP could have a 
greater impact on pollution than the number of inhabitants. These re
sults can contribute to improving knowledge about potential sources of 
contamination on aquatic environments, as well as highlight concerns 
about the impact on surface water quality due to the absence of WWTPs 
in villages with small populations.
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Valcárcel, Y., Alonso, S.G., Rodríguez-Gil, J.L., Maroto, R.R., Gil, A., Catalá, M., 2011. 
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