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Pesticides and PPCPs in Aquatic Ecosystems of the Andean Central Region: Occurrence and

Ecological Risk Assessment in the Uco Valley.

Abstract

Uco valley (Mendoza, Argentina) suffers the concomitant effect of climate change, anthropic
pressure and water scarcity. Moreover chemical pollution to aquatic ecosystems could be
another pressuring factor, but it was not studied enough to the present. In this sense, the aim
of this study was to assess the occurrence of pesticides, pharmaceuticals and personal care
products (PPCPs) in aquatic ecosystems of the Uco Valley and to perform an ecological risk
assessment (ERA). The presence of several insecticides (mainly neonicotinoids), herbicides
(atrazine, diuron, metolachlor, terbutryn) and fungicides (strobilurins, triazolic and
benzimidazolic compounds) in water samples in two seasons, related to crops like vineyards,
garlic or fruit trees was associated to medium and high-risk probabilities for aquatic biota.
Moreover, PPCPs of the group of non-steroidal anti-inflammatory drugs, parabens and
bisphenol A were detected in all the samples and their calculated risk quotients also indicated a
high risk. This is the first record of pesticides and PPCPs with an ERA in this growing agricultural
oasis. Despite the importance of these findings in Uco Valley for decision makers in the region,
this multilevel approach could bring a wide variety of tools for similar regions in with similar
productive and environmental conditions, in order to afford actions to reach Sustainable

Development Goals.
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Synopsis

Aquatic ecosystems in arid mountain regions are threatened worldwide. This study reports
relevant data about chemical pollution in Central Andes, which could be a useful tool to

enhance SDGs’ accomplishment.
1. Introduction

Anthropogenic pressures have reached a scale where abrupt global environmental change can
no longer be excluded. In this sense, Rockstrom et al defined nine planetary boundaries within
which humanity can operate safely'. The authors estimated that some of these boundaries were
already transgressed (i.e., biodiversity loss, climate change), and others like chemical pollution

were not sufficiently evaluated. To reach coordinated actions to reach sustainable development,



the international community has committed to achieve 17 Sustainable Development Goals
(SDGs) for 20302 These goals incorporated several interrelated objectives and proposed to
coordinate actions by interested actors®. For instance, SDG 6 ‘Clean Water and Sanitation’ and
SDG 15 ‘Life On Land’ encompasses targets related to water resources/aquatic freshwater
ecosystems that could be achieved at once when particular actions are considered. In this sense,
target 6.3 implies improving water quality by reducing pollution, and eliminating or minimizing
the release of hazardous chemicals, while target 6.6 seeks on protecting and restoring water-
related ecosystems. Obtaining an improvement of water quality, and with the integration of
climate change measures into national policies (target 13.1), could help to achieve target 15.1,

related to freshwater biodiversity conservation.

SDG 15 prioritizes preserving and enhancing the ecosystem services related to mountains and
drylands?. The Province of Mendoza is located in west Argentina, strongly marked by the
presence of the highest peaks of the Andes Mountains. Argentina is the one of the major wine
producing countries in the world, and Mendoza province accounts for more than 70% of the
grape production in the country?. This is one of the most arid regions of the country with yearly
rainfalls of 213 mm. Despites its high vulnerability caused by water scarcity, this province boast
one of the country’s largest artificially irrigated areas’. Its aridness is balanced by snowy origin
rivers with high caudal which run from west to east, forming the denominated “oasis” of
cultivated lands where the human settlements are located, and intense agro-industrial activity
is developed®. Two of these oases have the Tunuyén River as the main water resource. It is
divided into two sub-basins: the upper sub-basin with an extension of 54,000 ha known as “Oasis
Centro” (Tupungato, Tunuyan, San Carlos and Rivadavia Departments) and the lower sub-basin
with 80,000 ha, which jointly with the Mendoza River form the “Oasis Norte” ’. In the upper sub-
basin, the Tunuyan River and its tributaries irrigate vineyards in the Uco Valley, with the Tunuyan
city and “El Carrizal” dam downstream?®. Besides the vineyards, horticulture production as well
as fruit, garlic and onion plantations are developed. In the last 30 years, the region experienced
a sustained growth related to new techniques of wine production, a process with possible
effects on its natural resources®. Indeed, gradual degradation of water quality in the Tunuyan
River has been reported in the last few years. An interdisciplinary analysis of the future of the
water in this region concluded that water quality would decrease due to industrial, agricultural
and human waste®. Nevertheless, studies in aquatic ecosystems were only based on hydric
caudal and general physicochemical parameters or the toxicity of river water without looking

for particular pollutants’ contribution>®.



Pesticides’ presence in aquatic ecosystems is well documented worldwide and even in other
regions of Argentina, mainly related to Pampas’ plain®?°. Moreover, since 2022 the Ministry of
Science and Technology of Argentina promoted an inventory of agrochemical levels in abiotic
and biotic matrices of the provinces of Buenos Aires, Cérdoba, Entre Rios and Santa Fe, all
included in Pampas’ region®!. On the other hand pharmaceuticals and personal care products
(PPCPs) are included in the denominated contaminants of emerging concern. Although the
number of studies about PPCPs presence in rivers has been increasing in recent years, a recent
study identified knowledge gaps about PPCPS presence studies in most regions of the world*2.
In this sense PPCPs research in aquatic ecosystems is well represented in Argentina, with an

increasing trend of studies from their beginnings a decade ago®>.

Since water resources management needs to include technical-scientific criteria for decision-
making, reliable information regarding chemical pollution from different sources related to Land
Use/ Land Cover (LULC) could be a useful tool**. Moreover, understanding the relation of
chemical pollution to possible effects on biodiversity, in the context of climate change and

vulnerable ecosystems with water scarcity is essential in regions like the Uco Valley.

In this context, the objective of this study was to assess the occurrence of pesticides and PPCPs
in aquatic ecosystems of the Uco Valley (Mendoza, Argentina) and to assess ecological risk.
Measuring these pollutant concentrations could not only help evaluate quality but also assess
potential risks to biodiversity, addressing various SDGs targets. Moreover, multivariate analysis
could allow an understanding of which environmental conditions (including LULC) led to these
pollutants’ occurrence. The knowledge provided could be a valuable tool to implement actions
to accomplish SDGs related to the studied basin, and the approach developed in this study could

be extrapolated to other basins worldwide.
2. Materials and Methods
2.1. Sampling description

Two sampling campaigns were carried out (November/December 2021 and February 2022), to
study chemical pollution in different seasons (spring and summer), with possible differences in
agricultural activities but with a priori similar hydrological regimes®>. For instance,
November/December could correspond to the harvest season for garlic and other horticultural
crops, while on February starts the harvest of grapes. These differences could be related to
different patterns of pesticides use. Five sites were selected in the Tunuyan River’s upper basin,
encompassing the river main stream and four tributary streams (Figure 1), and taking into

account both rural and urban influences. Physicochemical variables (maximum depth width,



surface velocity, substrate type, water pH, temperature, conductivity, salinity, total dissolved
solids (TDS), Secchi disk) as well as presence of macrophytes were recorded in situ for all
sampling sites at both sampling periods. Surface water samples (n=3 per site/ season, 800 mL)
were collected in dark glass bottles and transported to the lab refrigerated and stored at -20 °C

until their analysis.
2.2. Pesticides and PPCPs analytes extraction

Once at the lab, samples were filtered (nitrocellulose, 0.45 um pore size), sulfadimethoxine-d6
(CAS #73068-02-7) and ketoprofen-d3 (CAS #159490-55-8) were incorporated as surrogates and
they were stored at -20 °C until extraction in the next few days (typically refrigerated for no
more than 24 h until filtering and frozen for no more than 96 h until extraction). The extraction
of analytes of interest was carried out by solid phase extraction (SPE) following the method
previously described by Picé et al with few modifications®®. STRATA- X 33u Polymeric Reversed
Phase SPE cartridges (500 mg/ 10 mL) and a vacuum manifold Supelco Visiprep 57030- U (Sigma-
Aldrich, St. Louis, Missouri, USA) were used. The cartridges were conditioned with 10 mL of
MeOH and 10 mL of Milli-Q water under vacuum at 400 mba h™! Pa™! and analytes were eluted
with analytical grade methanol. Sample aliquots of 250 mL were passed through a cartridge at
flow rate of 10 mL min~t. Then, the cartridges were rinsed with 10 mL of Milli-Q water and drain
for 15 min, both steps were performed under vacuum. The analytes were eluted on a 15 mL
plastic tube with 10 mL of methanol and then 5 mL of methanol-dichloromethane (DCM)
solution (1:1, v/v) at gravity flow. Vacuum was just used at the beginning of the elution to break
the superficial tension, and at the end, to collect the remaining drops of extract from the
cartridges. Extracts were evaporated to dryness, under a gentle stream of nitrogen at 30 °C,
under vacuum system using an Eppendorf Concentrator plus. Subsequently, extracts were

stored at -20°C until analysis.
2.3. Pesticides and PPCPs analysis

After extraction, samples were reconstituted and filtered immediately before their analysis
through Liquid Chromatography coupled with Mass Spectrometry. Liquid Chromatography was
performed on a Vanquish system (Thermo Fisher Scientific, USA). The method for pesticides
analysis was set up with the following conditions: analytical column Luna® C13 150 x 2 mm (3 um
particle size, Phenomenex, Torrance, USA), column temperature of 30 °C, injection volume 5 L,
mobile phase water (A) and methanol (B), both with 5 mM of ammonium formate, and flow rate
of 0.3 mL/min. A linear gradient was performed as follows: 0 min (50 % B), 10 min (83 % B), 12
min (83 % B), 12.5 min (98 % B), 15 min (98 % B), 16 min (50 % B), equilibration time 10 min.



Mass spectrometry (MS) analysis was performed on an Exploris 120 mass spectrometer (Thermo
Fisher Scientific, USA) coupled with a heated electrospray ionization probe (HESI). Particular MS

conditions for pesticide analysis are described in Table S2 (Supplementary material).

Liquid chromatography conditions for PPCPs were different depending on whether the
pharmaceuticals ionized in positive or in negative mode. A column Kinetex Biphenyl 100 A (50.0
x 2.1 mm, 1.7 um, Phenomenex) was employed, an injection volume 5 pl, with a mobile phase
of water + 0.1 % formic acid (A) and methanol + 0.1 % formic acid (B) for positive mode, and H,0O
+ 2.5 mM ammonium fluoride (A) and methanol + 2.5 mM ammonium fluoride (B) for negative
mode. Gradient for both methods was performed as follows: 0 min (30 % B), 12 min (95 %), 22
min (30 %), and equilibration time 10 min. The mass spectrometer for PPCPs analysis was set in
both positive and negative ion source modes and settings consisting of the following: sheath gas
=45 arbitrary unit (AU), auxiliary gas = 10 AU, sweep gas = 0 AU, vaporization temperature = 275
°C, ion transfer tube temperature =320 °C, ion spray voltage = 3.5 kV, S-Lens = 70 eV. Analysis
was performed in data-dependent analysis (DDA) mode. Full scan analysis was performed with
a mass resolution of 60,000 FWHM within the 100—1000 m/z mass range, followed by four cycles
of DDA with a mass resolution of 16,000 FWHM. The DDA experiment was set against an
inclusion list (reported as a mass list in the information about the method). The mass window
for precursor ions selection was fixed at 1 Da. Dynamic exclusion time was 6 sec, according to
the mean peak width observed. The mass spectrometer was calibrated once a week with a
solution containing MRFA (L-methionyl-arginyl-phenylalanyl-alanine acetate) 1 pg/mL, caffeine
2 ug/mL and Ultramark® 1621 0.001% over the mass range 50-2000 m/z. Additional conditions

of the mass spectrometer for PPCPs analysis are informed in Table S3.

Raw data, both for pesticides and PPCPs, were acquired using the Tracefinder software (v.4.0,
Thermo Fisher Scientific, USA). The list of target compounds for pesticides (72 compounds
including insecticides, herbicides and fungicides) and PPCPs (37 compounds) are listed in Table
S4 and Table S5. The selection of target PPCPS was focused on those pharmaceuticals which are
included in the most consumed groups in Argentina®’, including antibiotics, non-steroidal anti-
inflammatory drugs, diuretics, B-blockers, diabetes treatments and proton-pump inhibitors
among others, as well as chemicals included in personal care products (triclosan, triclarban,
parabens), the preservative bisphenol A and even the stimulant caffeine. The limits of Detection
(LoD) and Quantification (LoQ), recovery at two different concentrations and matrix effects are
listed in Table S6. The LoD and LoQ values ranged from 0.03 to 1 ng/L and from 0.1 to 3 ng/L,
respectively, with the exception of cyhalofop-butyl, which exhibited higher values. The

recoveries varied between 30% and 101%. However, at the lowest concentration, 37% of the



compounds exhibited a recovery between >50% and <70%, while 51% of the compounds
displayed a recovery 270%. At the higher concentration, 73% of the analytes achieved a recovery
>70%, indicating appropriate recovery of the contaminants. The relative standard deviations
(RSDs) were consistently less than 21%. Matrix effects were less than 33%, except for
acetaminophen, amoxicillin, metformin, omeprazole, simvastatin, acrinathrin, diuron, and
simazine, which demonstrated a more intense suppression effect. As an example of the results
Figures S1-3 (Supplementary Material) shows characteristic TIC, as well as extracted

contaminants and their spectra).
2.4. Ecological risk assessment

Risks for aquatic ecosystems were assessed following a tiered approach considering Risk
Quotients (RQs) as a first-tier assessment, and Species Sensitivity Distributions (SSDs) as a
second-tier (Figure 2)8. RQs were calculated as the quotient between the measured
environmental concentrations (MECs) and the predicted no-effect concentration (PNEC) for
each pesticide and PPCP detected and quantified in water samples'®. PNEC was calculated based
on the quotient of a critical concentration (CC) and an assessment factor (AF). Selected CC was
based on Iturburu et al. criteria, considering the lowest toxicity value available among algae,
aquatic invertebrates and fish, prioritizing chronic values?. Toxicity data for RQs calculation was
obtained from IUPAC Pesticides Properties Database (PPDB) and US EPA Ecotox database (Table
S7)*%5. Calculation of SRQ;pest and SRQ;ppcp for each i site and both groups of compounds was
performed. SRQ>1 corresponds with possible harmful effects expected (high risk), YRQ between
0.1 and 1 to medium expected risk (medium risk), SRQ between 0.01 and 0.1 corresponds to
low environmental risk (low risk), while SRQ< 0.01 shows negligible environmental risk
(negligible risk) 2. Contribution of each pesticide to SRQ was established according to Vasi¢kova

etal.®®

The compounds that showed moderate or high risks (RQ higher than 0.1) individually in the first-
tier assessment were evaluated using acute SSD?*. SSDs were calculated using Rstudio software,
based on the log-normal distribution, and using toxicity data obtained from the US EPA ECOTOX
database (Tables S8 and S9) %. The ecological risk was defined as low or negligible when MEC

was lower than the Hazard Concentration 5% (HC5) and high when MEC was higher than (HCs).
2.5. Multiple factor analysis

A Multiple Factor Analysis (MFA) was performed to investigate the associations between
pesticides and PPCPs concentrations in water samples and the environmental variables in Uco

Valley. Data were grouped into four categories: a- Site and Seasons; b- Water (flow, water



temperature, pH, conductivity, salinity and Secchi disk; TDS variable was discarded in the
analysis due to its strong correlation with salinity), c- pesticides concentrations which included
four subgroups described as total concentration of herbicides (3Herb), insecticides (JInsec),
pesticides metabolites (3Metab), and fungicides (JFung); d- PPCPs which included two
subgroups- including the total concentration of pharmaceuticals compounds (3Pharma) and
preservative compounds (3Preserv). MFA was carried out using the “factoextra” and

“factoMineR” R packages of R Studio Software (2023.06.1+524).
2.6. Land use/ land cover determination

Classification of LULC in the surrounding areas of each sampling site was determined by the
interpretation of satellite images from Google Earth Pro dated February 2022. First, a 2500 m
straight-line section was defined upstream from the sampling site. This distance upstream was
set because of bibliographic evidence of PPCPs 2500 m downstream of a confirmed source?®.
Within this distance, a 500 m buffer was established around the centre line of the corresponding
river or stream?”-%, The approach employed was based on the hypothesis of surrounding zones
of a sampling point and upstream lands could be factors associated to chemicals of different
origins in aquatic ecosystems. These factors could enhance aquatic pollution, due to point
sources of pollution (as could be WWTP effluents with high loads of PPCPs?°) or croplands closely
related to streams that could be affected by runoff episodes (possible source of pesticides) or
could mitigate it, for example, due to vegetated riparian zones®. In this study, 6 LULC classes
were determined: 1. Natural vegetation (including shrubland, grassland and bare soil in urban
areas); 2. Cropland (including crops, fruit and vegetables and planted forest); 3. Riparian
vegetation; 4. Wastewater Treatment Plant (WWTP); 5. Water-body; 6. Urban (including built-
up surfaces). Finally, the percentage of each class within each buffer zone was obtained. Result

maps were developed using open-source GIS mapping software QGIS 3.22.

3. Results
3.1. Water physicochemical characteristics

Water column characteristics as well as physicochemical parameters from San Carlos, Negro,
and Claro streams, Tunuydan River and Zampal site are shown in Table S1, both from spring and
summer campaigns. It is noteworthy that the lower pH and temperature of the water, as well as
the higher water body flow in summer than in spring, is probably the effect of a rain event the

day before of the sampling. Additionally, except for the Negro stream, all the sampling sites



showed higher salinity, total dissolved solids (TDS) and conductivity in summer than in spring

(Table S1).
3.2. Pesticides occurrence and risk assessment

Samples from the evaluated sites of Uco Valley contained from 7 to 11 different molecules per
site/season (16 pesticides detected at least once; Table 1, Figure 3), from a total of 72 monitored
analytes, including insecticides, herbicides, fungicides and metabolites (Table S5 of
Supplementary Material). The highest number of compounds (11) were quantified both in the

San Carlos stream and Zampal site during the summer.

Fungicides carbendazim and tebuconazole, herbicides atrazine and terbutryn and the
metabolites atrazine-deisopropyl and 2,4-dimethylaniline (DMA) were found in all the analyzed
samples. Moreover, the fungicides carbendazim and tebuconazole, the neonicotinoid
imidacloprid and the herbicide metoalachlor have shown higher concentrations. Considering the
sum of pesticide concentrations, Zampal site presented the highest concentration in spring (363
ng/L), while the San Carlos stream showed the highest values during the summer season (732
ng/L). However, there was not a clear trend between both seasons considering all sites. It is
noteworthy that apart from imidacloprid, acetamiprid and thamethoxam, there are also other
neonicotenoids present, but each one in a single site. Other pesticides detected only in a single
site/season were the organophosphate insecticide diazinon, the herbicide diuron and the
fungicides difenoconazole and tricyclazole. The highest individual concentration was found in
the Claro stream in summer, with 458 ng/L of carbendazim. Considering the sites with the
highest total pesticides’” concentration (Zampal in spring, and San Carlos and Claro streams in
summer), fungicides are the group of molecules with greater contribution to the total

concentration of pesticides (Figure 3).

First-tier ecological risk assessment based on SRQ in water samples of Uco Valley studied sites
showed an expected medium (3RQ = 0.1) or high risk (3RQ 2 1) in both seasons (Table 2).
Particularly, San Carlos and Claro streams in both seasons, as well as Tunuyan River and Zampal
in summer presented possible harmful effects on aquatic biota. The main risk contributors were

the fungicides carbendazim and tebuconazole and the herbicide terbutryn.

The SSD curves were elaborated for those compounds which showed an individual RQ higher
than 0.1 (Figure S4). That was the case of carbendazim, tebuconazole and terbutryn. Although
difenoconazole also showed a RQ above 0.1, it was not possible to calculate a reliable curve due

to the lack of toxicological data for this fungicide (Table S8).3! Curve were obtained for the other



three compounds. None of these pesticides individually showed concentrations higher than the

respective HC5 (Table S10).
3.3. PPCPs occurrence and risk assessment

A total of 13 compounds of PPCPs were detected in water samples from Uco Valley, from a total
of 37 molecules analysed, both in positive and negative spectrometry modes. Detected analytes
included preservative compounds, non-steroidal anti-inflammatory drugs, a lipid-lowering, a
beta-blocker and a stimulant (Table 3, Figure 4). Three sites, the San Carlos and Claro streams,
and Tunuydn River presented a total of 12 compounds during the spring sampling period. Several
of the detected compounds were found in all samples analysed, namely parabens, bisphenol A,
ibuprofen, salicylic acid and acetaminophen. Ibuprofen and naproxen showed the highest
concentrations (among other compounds in the same sample) when detected, reaching 1127
and 2014 ng/L, respectively. The sum of PPCPs concentrations reached 2613 ng/L in the Claro
stream in spring. Parabens with a linear chain substitution on the ester group (methyl-, ethyl-,
propyl- and butyl-) were ubiquitous in all the sites and sampling events, except for butylparaben
in spring and ethylparaben in summer in the Negro stream. While the sum of pharmaceutical
compounds did not show a clear seasonal/ site pattern, preservative compounds (parabens and
bisphenol A) showed the highest concentrations in the Tunuyan River, both in spring and

summer seasons (Figure 4).

The sum of PPCPs detected in the Uco Valley represented a high risk (SRQ > 1) during both
seasons at all sampling points (Table 4). Bisphenol A, ibuprofen, methylparaben and caffeine
were the compounds that contributed the most to the YRQ. Particularly, contributions of
naproxen and enalapril were not possible to be considered, due to the lack of toxicity data on
selected model species in the databases used and in the international literature. Considering the
results of each season separately, the Tunuydn River showed the highest YRQ, both in spring
and summer (Table 4). Bisphenol A, ibuprofen, methyl- and propylparaben and caffeine met the
criteria of an individual RQ 2 0.1, and they were evaluated for second-tier ERA, employing SSD
curves (Figure S5). Among these compounds, only bisphenol A and ibuprofen could be
evaluated, and they would not individually pose a risk, according to this assessment (Table S10).
Toxicity data of methyl- and propylparaben and caffeine were insufficient for the construction

of SSD curves (Table S9).

It is noteworthy that both, the highest concentrations of pesticides and PPCPs in spring, were
found in the Claro stream, Tunuyan River and Zampal. On the other hand, the San Carlos stream

showed the highest pesticides and PPCPs concentrations in summer. However, there was no



coincidence regarding the highest SRQ for pesticides and PPCPs in the same site/ season. This
finding could be probably related to different profiles in the composition of the mixtures and

their toxicity characteristics.
3.4. Multiple factor analysis

To investigate the association between pollutants occurrence and the studied sites, seasons as
well as water physicochemical characteristics, an MFA was performed. The first four dimensions
of MFA analysis explained 84.44 % of the variability. Figure 5 shows the biplot of the first (Dim1)
and second (Dim2) dimensions of MFA performed, where 60.39 % of the total inertia was
explained by the two axes. Both, water and pesticides, were identified as active groups of
variables with a higher contribution over the first and second dimensions (Figure S6).
Considering the contribution of variables over the dimensions, conductivity, salinity, YlInsec,
SHerb presented higher contribution over the Dim1 while >Fung, >Metab, SecchiD and flow
contributed in higher proportion over the Dim2 (Figure S7). In the context of this analysis,
salinity, conductivity, pH and water temperature showed an inverse relation with SInsec and
SHerb in Dim1. On the other hand, >Fung and > Metab showed an inverse relation with the flow
in Dim2. San Carlos and Claro streams, as well as the Zampal site showed higher seasonal
variations than Negro stream and Tunuyan River. In particular, during the summer season,
Zampal was closer to the San Carlos stream in the plot, indicating similarities, while in spring it
was represented in the same plot sector as the Claro stream. Categories “macrophytes
presence” and “WWTP presence upstream” were not included in the MFA analysis. However, it
is noteworthy that submersed macrophytes were present only in sampling sites without

upstream WWTP presence (Negro and Claro streams).
3.5. Land use/ land cover

Sampling sites encompassed the Tunuyan River and four affluent streams in the upper basin.
Analysis of LULC surrounding the upstream area of each site allowed us to identify different
profiles. While San Carlos stream is surrounded by croplands with a riparian vegetation strip
close to the water body, Negro stream is surrounded by a balance of croplands and natural
vegetation with low cover of riparian vegetation, and Claro stream is immersed in an urban area
(Figure 6, Table S11). Regarding the Tunuyan River, there is a balance of natural vegetation lands
and an extended riparian area, with the presence of a WWTP as a remarkable influence in the
area (serving around 35000 h, with a secondary treatment)®2. Finally, the Zampal site
(corresponding to the Anchayuyo stream) is included in cropland, with an identified riparian

vegetation area (Figure 6, Table S11). San Carlos stream and Zampal were the sites with the



highest proportion of cultivated areas in the buffer. This fact agrees with the highest detected
concentrations of pesticides in spring (Zampal) and summer (San Carlos stream). On the other
hand, the Negro stream and Tunuyan River showed the lowest pesticides concentration in spring
and summer respectively, having these sites a balance between cropland and natural vegetation
areas. The Claro stream showed a high proportion of urban lands. However, this zone shows
several tributaries that contribute to water from upstream croplands. It agrees with the
relatively high concentration of pesticides in this site in both seasons. Regarding PPCPs presence
in water, % surrounding urban areas does not seem to be the most important factor which acts
as driver: the only site with a considerable urban area surrounding it (Claro Stream) did not
showed the highest PPCPs concentration and even showed a strong effect of season (lower

concentration of PPCPs in summer).

4, Discussion

This study presents, for the knowledge of the authors, the first report of pesticides and PPCPs in
aquatic ecosystems in the Uco Valley. In other regions of Argentina, with different crop
production systems, pesticides reports are more usual. That is the case in the Pampas region,
where pesticides related to extensive agriculture of oilseeds and cereals are often detected in
aquatic ecosystems?. Regarding PPCPs, studies reporting these compounds in the country are
mostly related to large urban centres or large water bodies associated with several intermediate

cities.333*

4.1. Pesticides

Several pesticide molecules were detected in the Uco Valley in both seasons and in all the
sampling sites. In general terms, fungicides found in aquatic ecosystems could be related to
vineyards, neonicotinoids insecticides to fruit production and herbicides to garlic crops.
However, some herbicides are indicated for other crops or general applications®. There was not
a clear trend among pesticides presence and seasons or sites. Nevertheless, there was a clear
predominance of fungicides, including different groups such as strobilurins, triazolic and
benzimidazolic molecules. Most of these compounds have already been reported in other
environments in Argentina, such as carbendazim and tebuconazole which were detected both
in the provinces of Buenos Aires and Cordoba®®. Unlike the situation in the Uco Valley, in the
provinces of Buenos Aires and Cérdoba these pesticides are used for extensive crops such as
soybeans or corn. The coincidence on found compounds in regions with different agricultural

activities would be probably related to the wide application recommendations of each



molecule®.The highest concentrations of fungicides in the aquatic environments of the Uco
Valley were detected in summer, similar to other regions of the world, like Spain and
Germany®”28, Fungicides are an overlooked pesticides group, despite their abundance in the
environment, their capacity of eliciting toxic effects on organisms and their effect on ecological
functions in aquatic ecosystems and riparian zones3. Two of the major contributors to SRQ were

carbendazim and tebuconazole.

The herbicide terbutryn showed the highest contribution to YRQ among all the analysed
samples. It could be explained probably by its low PNEC (0.016 pg/L). This fact could become
relevant for Uco Valley and other regions in Argentina with similar crop productions (Rio Negro,
Neuquén and Salta provinces) due to terbutryn is indicated for its use on several crops like fruit
trees and vineyards®. The presence of herbicides like diuron and metolachlor could be related
to the wide extension of garlic production in the region: a third part of garlic production in

Argentina is developed in Uco Valley*%4?,

Regarding insecticides, it is noteworthy that the presence of chemicals whose use in crops is
under debate by regulatory agencies because of the possible risk to biota. This is the case of
neonicotinoid chemicals imidacloprid and thiamethoxam, which are currently banned in
flowering crops in the European Union*. These compounds are allowed for their use in
Argentina, unlike fipronil, a systemic insecticide (as neonicotinoids) that was banned in 2021,
Moreover, the presence of organophosphate diazinon in the summer sampling in the Negro
stream is remarkable, given that this insecticide has been banned for its use by the Argentine
regulatory authority**. Considering its degradation rate in different matrices, probably diazinon

presence in the environment was related to its illegal use®.
4.2. Pharmaceuticals and Personal Care Products

The level of non-steroidal anti-inflammatory drugs concentrations (acetaminophen, naproxen,
and ibuprofen) quantified in the Uco Valley are in the same range as recent reports from
Matanza-Riachuelo basin, in the Buenos Aires metropolitan area®. It is noteworthy since there
is a clear difference between both basins: while in the upper Tunuyan basin the population is
below 150000 people, in Matanza-Riachuelo is around 4500000 people*®*’. Probably, different
WWTP systems and particular environmental conditions in Uco Valley could lead to a low
chemical and biological degradation rate of these compounds. A possible explanation could be
the absence of macrophytes and high water flow in Uco Valley downstream the WWTPs, which
could be related to less biodegradation and bioremediation of PPCPs, as well as their partitioning

to bed sediments***°, PPCPs concentrations similarity between urban and rural areas has been



previously reported in a comparative study in lIreland, where authors found similar

concentration of PPCPs mixtures in rivers receiving WWTP effluents*.

However, the aforementioned study performed a comprehensive study of pharmaceuticals in
the world’s rivers, and the concentration of compounds within this group in rivers of South
America is generally below concentrations detected in other continents®. Nevertheless,
detected pharmaceutical concentrations in the Uco Valley could represent a risk for aquatic
biota, being the non-steroidal anti-inflammatory drugs some of the major contributors. These
results are similar to those found in the Cordoba province (Argentina), where this group of
pharmaceuticals was described as one of the major contributors to risk quotients3. Another
compound detected in the Uco Valley was the caffeine, which is a ubiquitous molecule that has
been previously proposed as a WWTP effluent tracer, and has been widely detected in

13334552 |t is noteworthy that

freshwater ecosystems both in Argentina and worldwide
concentrations of caffeine were not higher in Tunuyan (a site close of the main WWTP effluent
of the basin) than in other evaluated sites. It could be related to the high dilution volume of
Tunuyan River, compared to other streams (Table S1). Furthermore, a major finding in this study
is that it shows the first record of parabens in aquatic ecosystems in Argentina’s Andean Region.
Its prolific use and presence in the majority of cosmetic products (being the second most
common ingredient in formulations after water) lead to its high concentration both in urban
wastewater and aquatic ecosystems®3. Among these compounds, methylparaben contributed to
SRQin the study area (from 17 to 89%, according to the sample). Salicylic acid, which is present
in all water samples could have its source both in human or veterinary medicine (as a parental
compound or as a metabolite of acetylsalicylic acid), or it could be produced by plants because
of hydric stress!®>*%°, Finally, even though detected concentrations of bisphenol A seemed do
not present a risk on biota (based on tier-2 ERA), it is known that this compound could elicit
other sublethal effects not considered in this approach. For instance, it was reported that it
could be related to endocrine disruption on different organisms, which could lead to long term

or even transgenerational effects®®®’,

4.3. Uco Valley pollution scenario and future challenges

Riparian strips are one of the most complex systems in the biosphere, as they are transition
zones between the terrestrial and aquatic environments. They are recognized as mitigation
zones for the effects of pesticides associated with agricultural surface runoff®®. However, factors
such as vegetation structure and terrain slope in this zones could be related to pollutants entry
to aquatic ecosystems®’. Those or other non- evaluated factors seems to be taking part in the

Uco Valley, since there is not a clear relation between the extent of the riparian zone and the



concentration of pesticides quantified. On the other hand, it is remarkable that the Negro
stream, the site with the lowest concentration of PPCPs, was the only site without urban LULC
or WWTP upstream of the sampling site. While in the Tunuyan River site the WWTP is located
within the buffer zone, in San Carlos stream and Zampal sites, the WWTPs of San Carlos and
Tupungato cities are located 6 and 12 km upstream, respectively. The detection of PPCPs several
kilometres downstream from their possible source has been reported previously, and it could

be related to both compounds persistence and other non-identified possible sources®~°,

Besides LULC, the developed MFA analysis showed other possible indications of drivers that
could be involved in pollutants’ presence in the aquatic ecosystems of the Uco Valley.
Conductivity, salinity, SInsec and YHerb were the factors that separate sites throughout DIM1,
while SFung, >Metab, SecchiD and flow throughout DIM2. However, further studies would be
required to clarify a possible long-term pattern of the contribution of environmental (weather,

hydrology, etc.), LULC and water parameters to chemical pollution.

The Uco Valley presents a current trend of agricultural expansion since the 1980s, with a 30 %
increase in cultivated areas since that period, which means around 20,000 ha of new land
affected by agriculture, with a special contribution of new vineyards. Moreover, the population
in these small/ intermediate settlements grew significantly from the 1970s%. Changes in LULC
and landscape patterns in arid areas could considerably impact water quality in watersheds?’.
The obtained results revealing pesticides and PPCPs in aquatic ecosystems support previous
perceptions of interested stakeholder of the region, whose recent integral studies foresee a
pressure on water resources, with effect both in quantity and quality®. Indeed, a previous study
in the region categorized the water quality of several sites in the basin as “fair” or “good”,
according to an index which considers physicochemical parameters®. The aforementioned study
presented toxicity tests on which the nematode Caenorhabditis elegans was exposed to whole
stream water samples, and showed that samples collected near the Tunuydn River sampling site
of the present study, induced negative effects on the nematode growth, compared to water
samples collected upstream of a rural and settlements area. This fact, in addition to the YRQ
calculated in the present study, highlights the need of assessing the effects of chemical mixtures
on aquatic organisms. The SSD analysis for the main YRQ contributors did not show any potential
risk for these individual compounds (carbendazim, tebuconazole, terbutryn, bisphenol A,
ibuprofen), while for other compounds (difenoconazole, methylparaben, propylparaben,
caffeine) this type of assessment was not possible to perform due to the lack of toxicity data.
For the same reason, it was not possible to assess naproxen and enalapril contribution to the

>RQ. However, toxicity information about species not considered in RQ calculation allow us to



hypothesize that detected concentrations of these compounds would not represent a risk for
biota: while the acute LCsp for the cnidarian Hydra attenuata was informed at 22.3 mg/L for
naproxen®, the LCso for enalapril was calculated at 184 mg/L for the crustacean Thamnocephalus
platyurus®, both value several orders of magnitude greater than detected concentrations.
Obtaining toxicity data for these compounds could help not only to assess their risk on aquatic
organisms but also to establish guideline values for their protection and give regulatory agencies
a valuable tool for water resources management!*®!. Hence, these actions should help to
accomplish part of SDG 11 “Make cities and human settlements inclusive, safe, resilient and

sustainable” and SDG 12 “Ensure sustainable production and consumption patterns.”

The present study is the first record of pesticides and PPCPs in Uco Valley, an arid mountain
region widely connected to the world by agricultural based- products exported. The pressure on
water resources is well known in the Mendoza province. By understanding which potentially
hazardous compounds are present in aquatic ecosystems, both from rural and urban origin and
by considering their possible risk on biota, this study contributes substantially with valuable
information for effective decision-making processes. At the same time, it also provides support
to regulatory agencies which are responsible for implementing actions to ensure water quality
(SDG 6.3), protect freshwater ecosystems (SDG 6.6, SDG 15.1) and ensure the conservation of
mountain vulnerable ecosystems (SDG 15.4). For example, prioritizing chemicals monitoring
according to their presence in aquatic resources for chemical alternatives assessment,
developing guideline levels for different water uses and biomonitoring programs to ensure
ecosystems integrality!*52%3, Moreover, methodological approaches employed in this study
could be extrapolated to other regions and adapted to the available amount of data. In this
sense, the results of this study not only seek to accelerate progress towards the achievement of
the SDGs in the region, but also to tackle current and future water challenges in the context of
climate change, drought, agricultural intensification and urbanization in arid mountain regions

in the world.

5. Conclusion

This study performed a comprehensive analysis that combines field sampling, analytical
chemistry to detect pesticides and PPCPS in aquatic ecosystems of an arid mountain region, and
a tiered ecological risk assessment combined with LULC GIS-based analysis and a Multiple Factor
Analysis. Among pesticides, the fungicide carbendazim arose as a compound of special interest,

due to it was detected in all the samples at high concentrations and representing a potential risk



for aquatic biota (according tier-1 assessment). However, tier-2 did not show a possible risk. On
the other hand, among PPCPs, wide detection of methylparaben (first record in Argentina’s
Andean Region) was also related to high contribution on XRQ. Environmental monitoring and
toxicity studies on native species of these pointed chemicals, as well other compounds which
detection, concentration and risk on biota were found at high levels, could be an interesting first
step to be applied for local authorities. Moreover, there were not clear trends in relation of

evaluated environmental pollution and LULC or studied season.

Despite the importance of these findings in Uco Valley for decision makers in the region, this
multilevel approach could bring a wide variety of tools for similar regions in with similar
productive and environmental conditions, in order to afford actions to reach Sustainable

Development Goals.
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Figure 1: Study area and sampling sites in Uco Valley (Mendoza, Argentina).
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Figure 2: Scheme of ecological risk assessment approach used for pesticides and PPCPs in Uco
Valley. RQ: risk quotient, MEC: measured environmental concentration, PNEC: predicted no-
effect concentration, CC: critical concentration, AF: assessment factor, i: sampling site, pest:
pesticides, PPCPs: pharmaceuticals and personal care products, HCs: hazardous concentration
5%. Toxicity data for pesticides was obtained from Pesticides Properties DataBase and for
PPCPs from US EPA Ecotox DataBase.

800
700
600
300

400 Metabolites

Herbicides

Pesticides (ng/L)

M Fungicides

M Insecticides

100 I
- | m B B

San Carlos  Negro Claro Tunuydn  Zampal SanCarlos  Negro Claro Tunuyan  Zampal
stream stream stream river stream stream stream river
Spring Summer

Figure 3: Pesticides detected in Uco Valley grouped by mechanism of action.
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Figure 4: Pharmaceuticals and Personal Care Products detected in Uco Valley.
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Figure 5: Biplot of the two first dimensions generated by the Multiple Factor Analysis (MFA)
performed considering environmental variables for five sites from the Uco Valley.

San Carlos stream (SC, red dots), Negro stream (NS, yellow dots), Claro stream (CS, cian dots),
Tunuydn River (T, blue dots) and Zampal (Z, violet dots). Two seasons (spring and summer),
water parameters, pesticides and PPCPs concentrations were considered for the analysis. Small
coloured dots represent data from the studied sites along the monitored periods. Big dots



represented the centroid for each site. For the same site, grouped dots indicate a low seasonal
variability, while scattered dots indicate a higher seasonal variability in the measured variables.
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Table 1. List of pesticides detected in the Uco Valley (Mendoza, Argentina).
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stream C 4 8 % 09 © % © 45 46 06 a3 0H? 0 0 o 2t
Q 7 Q Q Q Q 4 Q 9
Tunwyd < 3. Ly <t <t <k 56 20 es. 15 <k 12
n River o] 31 520 o 3 0O 0o O 76 4 28 53 036 .1 o 0Q 4.0
Q Q Q Q Q 3 Q 4
<L 4, <L <L <L 32 23 10 5. 36
Zas?:za' o :21 8.05 2 é‘: o 0o o .4 ti‘ tﬁ 6.4 414 0 96 :cLz 3.7
Q 2 Q Q Q 5 9 3 4 4
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Negro <t 1. <t 0.5 N\ 33 <L 3.9 8. <t <L 87.
stream o] 79 398 o 5 5 o .8 5 2 oq 2 0.20 33 o] 0Q 08
Q Q 5 Q 9 5 Q
Claro b 1. 312 E A sb<b<bid2 00 g g Lo
stream o] 47 4 o 82 o o o .3 01 oQ 91 0.30 36 o] 0Q 3.3
Q Q 0 Q aQ aQ 5 Q 2
L L L <L <L L
Tunuyd <o 4 oo <O 5.8 <o <O <O 0. 72 <L 16 . 9 <o <L 52.
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zampal & 1. Lz E37 <k 18 o« 2. g <L 4> 16
site 0 51 134 o 1 o .1 o 50 73 oQ 62 0.43 55 o 20 7.7
Q Q Q 5 Q Q 0 3
Measured concentrations are presented as the mean of three replicates in ng/L. ACE:
acetamiprid, ATZ: atrazine, ATZ-desiso: atrazine desisopropyl, AZX: azoxistrobin, CBZ:
carbendazim, DIA: diazinon, DIF: difeconazole, DIU: diuron, DMA: 2,4-dimethylaniline, IMI:
imidacloprid, MET: metoalachlor, TEB: tebuconazole, TBZ-2-OH: terbuthylazine-2-hydroxy,
TBT: terbutryn, TMX: thiometoxam, TRI: Tricyclazole, YPEST: total sum of pesticides. <LoQ:
below limit of quantification.
Table 2. Risk quotients for pesticides detected in the Uco Valley.
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Risk quotients per pesticide and their summatory (YRQ). ACE: acetamiprid, ATZ: atrazine, ATZ-
desiso: atrazine desisopropyl, AZX: azoxistrobin, CBZ: carbendazim, DIA: diazinon, DIF:
difeconazole, DIU: diuron, DMA: 2,4-dimethylaniline, IMI: imidacloprid, MET: metoalachlor,

TEB: tebuconazole, TBZ-2-OH: terbuthylazine-2-hydroxy, TBT: terbutryn, TMX: thiometoxam,
TRI: Tricyclazole. Empty cells mean that the compound was not detected in the given sample.

Table 3. List of pharmaceuticals and personal care products detected in the Uco Valley.
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Measured concentrations are presented as the mean of three replicates in ng/L. BEZ:
bezafibrate, BpA: bisphenol A, BuP: butyl-paraben, EtP: ethyl-paraben, IBU: ibuprofen, MeP:
methyl-paraben, NAP: naproxen, PrP: propyl-paraben, SAL. AC: salicylic acid, ACE:
acetaminophen, ATE: atenolol, CAF: caffeine, ENA: enalapril. YPPCPs: total sum of
pharmaceuticals and personal care products. <LoQ: below limit of quantification.

Table 4. Risk quotients for pharmaceuticals and personal care products detected in the Uco

Valley.
Seaso site BE Bp Bu Et IBU Me NA Pr SAL. AC AT CA EN 3R
n Z A P P P P P AC. E E F A Q
Sprin  San Carlos 1.1 0.0 0.0 65 7.0 nc 0.1 0.00 0.0 0.0 0.7 n.c 15.
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Risk quotients per PPCP and their sum (SRQ). BEZ: bezafibrate, BpA: bisphenol A, BuP: butyl-
paraben, EtP: ethyl-paraben, IBU: ibuprofen, MeP: methyl-paraben, NAP: naproxen, PrP:
propyl-paraben, SAL. AC: salicylic acid, ACE: acetaminophen, ATE: atenolol, CAF: caffeine, ENA:
enalapril. Empty cells mean that the compound was not detected in the given sample. n.c.: not
calculated for lacking of toxicity data.
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Environmental Implications

Present study highlights the joint presence of pesticides, pharmaceuticals and
personal care products (PPCPs) in aquatic environments of Uco Valley (Argentina).
While most of the reported pesticides are well known hazardous materials, PPCPs
are included within the group of contaminants of emerging concern. This work is
the first report of the presence of these compounds in the region and includes an
ecological risk assessment that could help to understand possible risks on aquatic
biota. Knowledge of environmental concentrations and possible risk of these



materials is a key step for environment managers the first step in order to tackle
environmental pollution.
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