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• Same pesticides were detected in water
and sediment samples.

• Fungicides and herbicides were ubiqui-
tous during the rice cultivation period.

• Bentazone and tricyclazole were domi-
nant in the four aquatic habitats.

• Pesticide concentrations of higher than
5000 ng L-1 were found in water sam-
ples.

• Negative effects of pesticides were pre-
dicted on the biota of the Albufera Park.
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The Natural Park of the Albufera (Valencia, Spain) is a Mediterranean wetland where rice cultivation dominates
the agricultural activity. The purpose of this study was to offer broader information about the current state of the
wetland assessing the contamination by pesticides in four aquatic habitats during the rice cultivation period in
2016. Liquid chromatographywith tandemmass spectrometer (UHPLC-MS/MS) was used to determine the pes-
ticides in water and sediment samples from the rice fields, Lake Albufera and irrigation and outlet channels. 21
pesticides were detected in our samples (seven already forbidden by European legislation). Higher values than
10000 ng L−1 of accumulated pesticides had been observed in the water samples of the midterm of the cultiva-
tion period (July). The sediment samples presented values ten times lower than the water samples. The habitat
showed significant differences in the concentrations of the water and sediment samples (Two-way Permanova,
p < 0.05) at the end and in the midterm of the cultivation period, respectively. Bentazone and tricyclazole were
the dominant andmost ubiquitous pesticides in the habitats. The quantities also calculated in real water volume
showed that the rice fields and Lake Albufera supported more than 100 kg of pesticides in July. Finally, negative
effects in the phytoplankton and some taxa of the biota of the Natural Park were predicted in the risk assessment
(Risk Quotient >1). The data provided in this work should show concern about the impact of pesticides in Med-
iterranean systems subjugated to agricultural pressure.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Wetlands are internationally recognized as important aquatic eco-
systems due to their biological diversity and are considered to be indis-
pensable to human life. The necessity of their conservation and
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protection is of global concern (Directive 92/43/EEC). Thewetlands also
have a huge economical value. Agriculture, fishing and tourism are
some of their invaluable services. A reduction of 64–70% of their global
area has been calculated during the 20th century (Ramsar, 2016). Med-
iterranean wetlands are the most sensitive ecosystems and are at huge
risk of losing their ecological value. The excessive cultivation and mas-
sive production have reduced their areas as a result of the agriculture,
industrial activity and urbanization in the surrounding areas. The Natu-
ral Park of the Albufera of Valencia is an example of a Mediterranean
wetland. This aquatic system is one of themost important in the Iberian
Peninsula and theMediterranean zone. It has been protected by Ramsar
Convention on Wetlands since 1990, mentioned as a special protection
area (SPA) by Birds Directive (Directive 2009/147/EC) since 1991, in-
cluded in theNatura 2000 network and also classified as Site of Commu-
nity Importance (SCI) by Habitat Directive (Directive 92/43/CEE) in
2006. The Natural Park of the Albufera has Lake Albufera as one of the
most important natural aquatic systems. Lake Albufera's habitat is de-
graded themost by agriculture, urbanization and industrial activity. Ag-
riculture has had the most negative impact on the lake due to the
massive increase of rice cultivation and production in the XVIII century,
causing the loss of the 83% of the surface of this lagoon (Romo et al.,
2008, 2013; Onandia et al., 2015).

Pesticides are one of the main sources of the accelerated pollution in
aquatic ecosystems because of the eutrophication by the excessive
nutrient inputs. Thus, the pesticides are classified as pollutants by the
Water Framework Directive (WFD, Directive, 2000/60/EEC), considered
priority substances by the Directive 2013/39/EU and categorized as
dangerous substances by the Directive 2006/11/EC. Pesticide is a broader
term that covers herbicides, insecticides, fungicides, growth regulators,
repellents, etc. (European Commission, 2020). European normative
regulates the pesticides, firstly approving the active substance by the
Regulation (EC) N° 1107/2009 and secondly indicating the steps to a
sustainable use of the products with the Directive 2009/128/EC (Real
Decreto 1311/2012 in Spain). Despite the fact that this legislation
was made to avoid bad and excessive use of pesticides, they are being
continuously sprayed in huge cultivation areas which sustains an envi-
ronmental problem in aquatic ecosystems like The Natural Park of the
Albufera.

Several studies of pesticides in the aquatic habitats of the Natural
Park had been reported previously. The herbicides molinate and
thiobencarb had been detected in thewater of some irrigation channels,
ricefields and Lake Albufera (Carrasco and Planta, 1985; Gómez de
Barreda, 1999; Gamón et al., 2002) so as the terbumeton, terbuthylazine
and their metabolites together some fungicides (Andreu, 2008;
Vázquez-Roig et al., 2010). Organophosphorus insecticides (Boluda
et al., 2002) and organochlorine insecticides have also been studied
even in the sediment of the lake (Peris et al., 2005). The majority of
these chemicals were used commonly in the rice fields but some of
them were determined in studies carried out inside the citrus crops
area of the wetland (Castillo et al., 2003). The herbicides molinate and
thiobencarb, the insecticide fenitrothion or the fungicide flusilazole
are some examples of the pesticides studied that are currently not ap-
proved under the Regulation (EC) n° 1107/2009. Other studies focused
both on the assessment of some of the current pesticides toxicity in the
Fig. 1. Relationship of the hydrological cycle of the Natural Park of the Albufera and the rice cu
ricefields and the blue light rectangles point two moments of low water level in the rice fie
(September). (For interpretation of the references to colour in this figure legend, the reader is
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population growth of certain bioindicator species of phytoplankton of
the Natural Park (Sabater and Carrasco, 1996, 1997, 1998, 2001;
Tarazona, 2001; Tarazona et al., 2003) and on the tolerance level of
Eisenia fetida to certain pesticides (Rico et al., 2016), Vibrio fischeri
(Amoros et al., 2000; Boluda et al., 2002), birds and fishes like Anguilla
anguilla (Carrasco et al., 1972). Microbiological degradation has also
been studied by Alonso et al. (1997) withwater samples of thewetland.
Furthermore, the chemical properties of some fungicides commonly
used in the Albufera have been analyzed (Andreu, 2008; Boluda et al.,
2013).The mobility, dissipation and accumulation were some of the
properties evaluated in laboratory essays and in experimental rice
plots (Gamón et al., 2003; Andreu, 2008).

The Natural Park of the Albufera is an agrosystem that works based
on the connectivity of the aquatic habitats. The environmental conse-
quences of the pesticide treatment as the contamination of the water
and the sediment as well as the toxicological effects in the biodiversity
of the ecosystem should be able to be studied as a whole. This last pre-
mise was used to study the spatial and seasonal distribution of the con-
tamination by pesticides with the aim to report broader information
about the ecological current state of The Natural Park of the Albufera.
To fulfill our objective, a wide range of pesticides were determined in
water and sediment samples collected in four aquatic ecosystems dur-
ing the rice cultivation period in 2016. It was also evaluated if the pesti-
cides concentrations obtained could suppose a toxicological risk for
somenative organisms of thewetland. Finally, the quantity of pesticides
in the real water volume and flooded area of the ecosystems studied
was estimated. The results of thisworkmay be used as a tool to perform
strategies that help to maintain and protect the ecological value of this
Mediterranean wetland.

2. Methods

2.1. Study site

The Natural Park of the Albufera is located on the Mediterranean
Spanish coast (39o20′N, 0o21′ W) in the south of the city of Valencia.
The Park has an area of 211.2 km2 bordered by the Turia river on the
north and Jucar river on the south. It is constituted by several aquatic
systems such as Lake Albufera, ricefields, irrigation channels and outlet
channels. Lake Albufera is the second coastal lake in the Iberian Penin-
sula with 23.2 km2 of surface area. It is also shallow (1.2 m of mean
depth), oligohaline (1–2% of salinity) and polymictic with an annual re-
newal rate of 8.4 year−1. The Albufera of Valencia is a southern temper-
ate lake with an annual mean air temperature of 18.3 ± 0.1 °C since
1980 and annual mean rainfall of 613.1 ± 88.1mm during a decade
until 2016 (Romo et al., 2013). The seasonal rainfall is usually concen-
trated in the spring and autumn seasons. The water level of the lake is
regulated by a wide web of irrigation channels that connect it with
the ricefields and by sluice gates situated on its three outlet channels
whichflow into theMediterranean Sea (Romo et al., 2005).The Albufera
of Valencia works as a water reservoir for ricefields during the flooded
periods and as a recipient of the runoff during the drainage periods
(Villena and Romo, 2003). The hydrology of the lake and the wetland
is bonded to the rice cultivation (Fig. 1) besides the seasonal rainfall
ltivation period during a year. “Flooded” and “dry” indicate the annual hydroperiod of the
lds: the first for the herbicides treatment (June) and the second because of the harvest
referred to the web version of this article.)



S. Calvo, S. Romo, J. Soria et al. Science of the Total Environment 774 (2021) 145009
(Romo et al., 2008, 2013). This relationship between the aquatic sys-
tems of the Natural Park is known as connectivity.

The input of the water in the fields usually begins in the middle of
April (Resolución n°, 2008/1202) although this moment could be post-
poned by the Mediterranean climate. For example, at the beginning of
May 2016 (the year studied) the ricefieldswere not completely flooded.
The treatment with pesticides follows the biological cycle of the rice
(Fig. 1) which could be shorter depending on the varieties of the rice
cultivated.

2.2. Samples, extraction procedures and analytical method

Water and sediment samples were collected according to the stan-
dard methods (APHA, 2011) during the rice cultivation period in 2016.
The sampling data was selected according to the representativemonths
of the cultivation period: at the beginning of the cultivation (May), the
middle of the pesticide treatment (July) and before harvest (Septem-
ber). The sediment samples only were taken in July. A total of 96 sam-
ples, 75 of water and 21 of sediment, were obtained from four aquatic
habitats. All samples proceed from 35 sampling points distributed in
the ricefields (10), the irrigation channels (11), Lake Albufera (11)
and outlets (3) of The Natural Park of Albufera (Fig. 2). The satellite
image of the figure and others shown in advance were provided by
Earthexplorer website (USGS, 2018). The water samples of the lake
were obtained from four representative sampling sites included in the
eleven sites of the lake presented in the figure.

The water and sediment samples of this study were transported in a
portable freezer to the laboratory where they were stored at −20 °C.
The water samples were defrosted for 24 h at room temperature in
darkness before the analyses. The sediment samples were transferred
into an aluminium box after freezing and freeze-dried during 48 h
Fig. 2. Location of the sampling sites in 2016. The points number 1 to 11 represent the
ricefields and irrigation channels sites except point 4 which was only an irrigation
channel. The sampling sites of the ricefields were close enough to the irrigation channels
to represent both points in one in the fig. O1, O2 and O3 are the sampling points in the
outlets. The sites L1 to L11 belong to the water and sediment samples of Lake Albufera.
The satellite image of the figure was captured by Sentinel-2 satellite on 30th of July 2016.
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with Sentry 2.0 lyophilizer from VirTis SP Scientific manufacturer
(Gardiner, NY, USA) prior to the extraction.

The standards (98–99% purity) of the 68 pesticides analyzed in this
study were supplied by Sigma-Aldrich (Steinheim, Germany) (detailed
list is provided in Table S1, see Supplementary). The extraction of pesti-
cides for thewater sampleswas carried out using the offline solid-phase
extraction (SPE) procedure describe elsewhere (Masiá et al., 2015). The
sample volumes of the extraction method were adapted from 50 to
250 mL. The sediment samples (1 g) were extracted by extraction
method described previously based on QuEChERS (Carmona et al.,
2017).

Pesticides were determined by 1260 Infinity Ultra High-
Performance Liquid Chromatography (UHPLC) tandem with a 6410
Triple Quad Mass Spectrophotometer (MS/MS) of Agilent Technologies
(Santa Clara, CA, USA). The validation of the analytical method was car-
ried out through recoveries, limits of detection (LOD) and quantification
(LOQ), %RSD as linearity and the matrix effect. The pesticides are quan-
tified by the mass spectrometer using Quantitative Mass Hunter Work-
station Software (Agilent Technologies, INC.2008). The different MRM
transitions used are outlined in Table S3 (Supplementary). Three injec-
tions using three different analytical columns and gradients were used.
One of them had been previously reported (Ccanccapa et al., 2016;
Calatayud-Vernich et al., 2019) and the other two are detailed in
Table S4 (Supplementary). Negative ionization was performed to iden-
tify the herbicide MCPA. The other two injections were both in positive
ionization. One of these injections was performed to identify and ana-
lyse a bensulfuron methyl, bentazone, propiconazole and tricyclazole.
These pesticides are currently used in rice cultivation in The Natural
Park of the Albufera. The other positive ionization served for the deter-
mination of the remaining pool. Summarizing, the recoveries for the
MCPA and the other four biocides just mentioned ranged from 56% to
120% in water and from 61 to 98% in sediment with a %RSD < 20
(Table S5, Supplementary). The development and validation method
for the other compounds had been already published (Ccanccapa
et al., 2016; Calatayud-Vernich et al., 2019). However, data obtained in
the recalibration performed with L'Albufera water and sediment sam-
ples are reported in Table S5. The matrix effect showed suppression
for bentazone, propiconazole and tricyclazole and enhancement for
the bensulfuron methyl and the MCPA in the water (data ranged from
−45% to 60%). In case of the sediment, the matrix effect ranged from
−58% to 39% with enhancement for the propiconazole and also
bensulfuron methyl and the MCPA. The LODs ranged from 0.01 to
5 ng L−1 for water and from 0.03 to 1.67 ng g−1 d.w. for sediment,
and the LOQs from 0.04 to 13.75 ng L−1 and from 0.1 to 5 ng g−1 d.w.,
respectively.

2.3. Statistical analyses

Normality of the data was checked prior to statistical analyses with
several tests such as Shapiro-Wilk and Anderson-Darling. The concen-
trations of thepesticideswere the variables transformedby decimal log-
arithm to normalize when it was required. One-way ANOVA test was
performed to evaluate whether there were significant differences in
the data associated with the data of sampling. Kruskall-Wallis was the
non-parametric test performed when the data had no normal distribu-
tion despite the standardization. Tukey's or Mann-Whitney post-hoc
tests were also used after the previous statistics. Multivariate normality
was also tested before the multivariate analyses. MANOVA or Two-way
PERMANOVA was used to assess if there were spatial differences be-
tween the aquatic habitats and the map location of the sampling points
(north and south zone). Two-way PERMANOVA was the non-
parametric test selected when normality of the data was not possible.
The univariate and multivariate contrast analyses were used on the
sum of the pesticide values as biocide types as well as on the concentra-
tions of the pool of compounds to determine the dominant compounds
in the water samples and the sediment samples. Classical clustering
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(UPGMA) with Euclidean similarity previously checked the similarity
between the samples. Principal Component Analysis with variance-
covariancematrix was the other ordination analysis to evaluate the dis-
tribution of the water and sediment samples separately, according to
the biocide concentrations obtained in every sampling data and during
the whole cultivation period. Variance-covariance matrix was selected
due to the fact that all the variables were measured in the same units
and because the number of samples was higher than the variables so
the normality problem could be omitted in case of. The PAST 3.20
(Hammer et al., 2001) was the software used for the statistical analyses.
2.4. Hydrological balance of the Natural Park during rice cultivation in 2016

The quantity of the pesticides accumulated in the water and sedi-
ment for the aquatic habitats was calculated in order to estimate the
amount of pesticides that The Natural Park of the Albufera supported
during the rice cultivation period in 2016.The hydrological balance
was calculated in the water volume of every ecosystem separately
using the concentrations in ng L−1 in the water samples (Diagram
1) and were obtained in flooded area of the rice fields through imagery
analytical methods (Soria et al., 2015) with Landsat 8 or Sentinel-2 sat-
ellite images from the Earthexplorer website (USGS, 2018).

The amount of pesticides by area in the rice fields (flooded area) and
the Lake Albufera were solved with the initial data in ng g−1 in dry
weight (d.w.) of the sediment samples. The mass of sediment by m2

was calculated considering that the thickness of sediment is 2.5 cm.
Table 1
Mean, standard error (std. error), maximum (max), minimum (min) and number of samples
Albufera during rice cultivation period in 2016. The pesticide concentration in the sediment sa

Pesticides

Water (ng L−1) Sediment (ng g−1 d.w.)

Mean Std. Error Max Min

Herbicides
Bensulfuron methyl 30,2 3,2 114 2,9
Bentazone 4119 616 12668 26,2
Diuron 9,8 1,9 19,1 4
MCPA 144 13,1 495 15
Propanil 14,5 2,7 50,7 0,8
Terbumeton 0,9 0,2 3,2 0,2
Terbutryn 4,2 0,8 8,1 2,7

Herbicide metab
Terbumeton deethyl 11,3 1,4 63,9 3,1
Terbuthylazine 2-hydroxy 7,9 0,6 23,2 1,5
Terbuthylazine deethyl 8,2 2,0 23,1 2,0

Insecticides
Acetamiprid 26,1 5,4 185 1,4
Diazinon 3,6 0,8 10,9 0,6
Ethion 3,3 0,5 9,7 0,6
Imidacloprid 20,6 2,5 78,2 3,2

Fungicides
Carbendazim 20,8 5,7 81,8 2,9
Imazalil 29,1 8,3 164 2,3
Prochloraz 410 124 3435 2,1
Propiconazole 296 63,4 2712 23,2
Tebuconazole 183 20,5 754 9,7
Thiabendazole 15,4 2,1 56,7 0,8
Tricyclazole 1704 342 21623 10,6

4

The values in g m2 were the conversion data used to obtain the amount
of pesticides (kg) by flooded area (km2) (Diagram 2).
The water flows (hm3 day−1) served to obtain the pesticide concen-
tration (kg day−1) in the irrigation and the outlet channels. The
hydromorphological data of the channelswasmeasured in situ to calcu-
late the water flows.

2.5. Risk assessment

Risk Quotient (RQ) was used to assess the environmental risk in the
water samples of the aquatic ecosystems of The Natural Park of the
Albufera according to the European technical guidance document on
risk assessment (EC, 2003). Acute (EC50) and chronic concentrations
(NOEC) needed for the calculations were obtained from OPP Pesticide
Ecotoxicity Database (2020). This database was chosen due to the
wide range of organisms onwhich pesticide toxicity has been tested. Fi-
nally, the indexes were calculated for the three target organisms com-
monly tested algae, Daphnia magna and fish. In addition, several
organisms representative of The Natural Park of the Albufera
(n) of the pesticides detected in water and sediment samples of The Natural Park of the
mples were calculated in dry weight (d.w.).

All habitats

n Mean Std. Error Max Min n

56 24,9 1,0 26,8 23,5 3
43 82 43 898 11,5 20
7 1,0 0 1,0 1,0 1

74
27 1,2 0,3 2,1 0,1 7
13
6

olites
50 0,4 0 0,4 0,4 1
54 0,4 0,1 1,3 0,1 10
12

45 2,3 0,7 8,7 0,4 12
13 0,2 0,02 0,2 0,1 4
19 1,0 0,2 2,8 0,1 21
38 7,4 4,5 25,2 1,7 5

19 1,9 0 1,9 1,9 1
21 3,3 0,6 8,5 0,9 16
47 27,4 8,9 123 0,3 21
54 20 3,0 62,3 2,2 19
66 9,0 2,3 41,1 0,5 20
57 2,0 0,3 7,1 0,4 20
70 81 34,8 739 0,9 21
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(Table S6, Supplementary) were considered in order to obtain wider in-
formation of the risk assessment. The table details the taxonomic groups
of the organisms studied, the species from the OPP database in which
EC50 and NOEC values were used and the references where the organ-
isms of the Natural Park were previously reported (Antón-Garrido
et al., 2013; Blanco et al., 2003; Burillo, 1999; Olmo, 2016; Romo et al.,
2005; Romo and van Tongeren, 1995; Rueda et al., 2005, 2006; Blanco
and Romo, 2006).

3. Results

3.1. Pesticides detected in the samples of the Natural Park of the Albufera

The HPLC-MS/MS analyses detected a total of 21 pesticides of the 68
studied (31%) in the water and sediment samples of the Natural Park of
Albufera collected during the rice cultivation period in 2016. The com-
pounds identified were 7 herbicides, 3 metabolites of herbicides, 4 in-
secticides and 7 fungicides (Tables 1 and S2, Supplementary). The 21
pesticides were detected in the water whereas 17 pesticides were
found in the sediment of The Natural Park of the Albufera (Table 1).
The water samples of the ricefields and the irrigation channels had the
widest range of the pesticides identified above the samples of the Lake
Albufera and the outlets (see Supplementary, Table S7). The sediment
Fig. 3. Pesticide occurrences (%) in the water samples collected during the rice cultivation in 20
the four aquatic habitats inMay, July, September. B) Percentage occurrences of the four pesticid
bars in B and C are the global occurrence of the pesticides in every month (B) and in the habit
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samples of the ricefields also had the maximum number of pesticides
in contrast to the lake.

The 73% of the pesticides detected remained during the cultivation
period in the water of the four aquatic habitats (Fig. 3B). The biggest
pesticide determination was of 89% in the water samples of July and
100% of the 21 pesticides detected were found in the ricefields and the
irrigation channels (Fig. 3A). The fungicides were the most frequent
compounds in the habitats with 80–100% of the water and sediment
samples containing them during the cultivation period (Fig. 3B and C).
The herbicides were less frequent in water (56%) and sediment samples
(29%). The three metabolites determined in this study could belong to
the herbicides terbumeton and terbuthylazine but only the terbumeton
was found in the water samples. The metabolites were analyzed in the
samples of the whole cultivation period although their concentrations
were lower than the other pesticides with a mean of 9.4 ± 0.7 ng L−1

in the water samples and 0.4 ± 0.1 ng g−1 in the sediment samples
(Table 1). Finally, the four insecticides had an average of 50% occurrence
in both types of samples (Fig. 3B and C).

3.2. Water samples and rice cultivation period

The results of water samples analyzed revealed that The Natural
Park of the Albufera accumulated pesticides in concentrations higher
16. A) Occurrence from the total number of the pesticides detected in thewater samples of
es groups in thewater samples and C) in the sediment samples. The percentages above the
ats (C) where sediment samples were collected.



Fig. 4. Spatial and seasonal distribution (left and right figures, respectively) of pesticides concentrations in the water (ng L−1) in the aquatic habitats of The Natural Park of the Albufera
during rice cultivation period in 2016. The boxes on the left show the accumulated concentrations obtained in thewhole cultivation period in every aquatic habitat. The boxes on the right
represent the accumulated concentrations of the four habitats together in the three sampling months and the complete period. The value of the outliers (red circles) are indicated when
they surpass the scale of the vertical axis. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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than 10000 ng L−1 with mean concentrations in the four aquatic habi-
tats studied around the range of 5000 to 7800 ng L−1(Fig. 4). The
highest concentrations belong to the midterm of the cultivation period
in July.

The outlier value of 29062 ng L−1 was a positive analytical measure
(Figs. 4 and 6) determined in a water sample of a ricefield at sampling
point 11.72% of the accumulated fungicides concentration belonged to
the tricyclazole (Tables 1 and S7). Themaximum concentrations of fun-
gicides were below 4000 ng L−1but despite making an overestimation
in the results the data was included in the statistical analyses. At the
beginning of the cultivation period the water samples accumulated
between 1000 and 5000 ng L−1 in most of the sampling points
(Fig. 5). The maximum values calculated in this study were found in
the 64% of the sampling points in July. The north points 1 and 2 had
accumulated concentrations of around 10000 ng L−1 even in Septem-
ber. The samples of the south zone (points 8 to 11) maintained the
range 1000–5000 ng L−1. The progressive accumulation in the pesti-
cides concentrations over the cultivation period is also observed (Fig. 5).
Fig. 5. Accumulated concentrations (ng L−1) of the pesticides determined in water samples d
channels and Lake Albufera. The diamonds indicate the accumulated values in the ricefields
satellite images were obtained from the Sentinel-2 on 21st May, 30th July and 18th Septembe
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First multivariate and contrast analyses were performed on the ma-
trix data where pesticide concentrations were organized by accumu-
lated values in the three sampling data (May, July and September).
PCA scatter distributed the water samples in two main groups (Fig. 7).
The first group joined the samples with the higher concentrations in
the sampling points 1, 2, 8–11 and Lake Albufera and the outlet
Perellonet (O2). The second group had points 3 to 7 with the other out-
lets. The PCA explained the 89% of the variability of the data with the
first component. The component 1 defined as July was significantly dif-
ferent from May and September (Tukey's post-hoc = 8.86, p < 0.001).
These results could be related to the many treatments used in the mid-
term of the cultivation period. The sample R11-S was distant from the
other samples because of the outlier value of the tricyclazole. The con-
trast analyses did not point significant differences in habitat or north
and south zones in accumulated concentrations of the whole period
(Two-way PERMANOVA, F = 0.05 and 0.06, respectively, p > 0.05).
The cluster analysis ordered the samples as with the PCA in a tree dia-
gram with a correlation of 0.83.
uring rice cultivation in 2016. The circles represent the concentration of pesticides in the
. The diamonds indicate the accumulated values in the ricefields. From left to right, the
r 2016.



Fig. 6. Pesticides concentrations in water samples (ng L−1) in the four habitats of The Natural Park of the Albufera in the three sampling data du e rice cultivation period in 2016.
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The contrast analyses pointed to the fungicides and the herbicides as the
abundant groups in the water samples (Tukey's post-hoc: p < 0.001 in
July; Mann-Whitney post-hoc: p < 0.001) remarking the fungicides in
May and September (Mann-Whitney test: U = 111, p < 0.001). The
lake Albufera and the outlets had higher concentrations in September
mainly due to the tricyclazole in the outlets (Fig. 6). This could be ex-
pected in the harvest period when both systems receive the water
drained from the ricefields. The main compounds that remained in
these habitats were the fungicides with concentrations approximately
five times higher than herbicides (Table S7). Three PCA scatter plots
by sampling data were performed with a matrix of the total concentra-
tions of the four pesticides groups. All of them explained more than the
90% of the variability of the data with the first component (Fig. 8). The
first component was represented by the fungicides and the second by
the herbicides in the three analyses. The water samples of the ricefields
and the irrigation channels from points 1–2 and 8–11 had the highest
concentrations. Their relationship with the herbicides and fungicides
vector changed depending on the sampling data. This group also had
peak concentrations in Lake Albufera as in May as in July. The outlets
also had extreme values in July due to the fungicides and herbicides.
The concentrations of the second group highlighted in the Perellonet
outlet (sample O2) (Fig. 6). The Cluster analysis grouped the samples
based on their similarity of the pesticides concentrations in a progres-
sive order of concentration.

The correlation values were 0.78 in May, 0.93 in July and 0.74 in
September (cluster not presented). The multivariate contrast test
Two-way PERMANOVA used on the three matrixes did not point signif-
icant differences to conclude that the type of habitat or the north and
south zones had any influence with the variability of the pesticide con-
centrations in the water samples. The matrix data analyzed separately
in each month neither show differences by some of the two factors in
Fig. 7. PCA scatter plot and Cluster diagram of thewater sampleswith accumulated concentrati
resent the sampling data. Legend: R for ricefields (orange squares), I for irrigation channels (gree
at the end of the label are North and South sampling zones. (For interpretation of the referenc
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May (F = 0.01 (zone) and F = 0.07 (habitat), p > 0.05). Our results
from the matrix data of July did indicate significant differences in the
fungicides and the herbicide metabolites concentrations by zone (F =
3.3, p<0.1 and F=6.7, p< 0.05, respectively). Themost significant dif-
ferences were detected in the data of September by both factors (F =
0.37 and p < 0.05 for zone, and F = 0.41, p < 0.05 for habitat). The
post hoc analyses also showed the outlets as the aquatic ecosystems
with the significant differences (Pairwaise, p < 0.05).

Six pesticides were found as the most common and abundant in the
water samples during rice cultivation. They were the herbicides
bentazone and MCPA and the fungicides tricyclazole, tebuconazole,
prochloraz and propiconazole. These compounds presented significant
differences by habitat (Two-way PERMANOVA: F = 3.55, p < 0.05)
and by sampling data (Two-way PERMANOVA: F = 27.75, p < 0.001).

The bentazone and the tricyclazole were the dominant com-
pounds in the water samples in the cultivation period (Mann Whit-
ney post-hoc: p < 0.001). The bentazone was also the dominant
pesticide in July and the tricyclazole dominated in May and Septem-
ber. The MCPA was the most frequent herbicide in May (215.2 ±
23.5 ng L−1) whereas the bentazone was absent. However, the
bentazone was the dominant of the herbicides in the cultivation pe-
riod remaining. The MCPA concentrations dropped a mean of four
times in the habitats two months later (58.2 ± 7.5 ng L−1) but kept
99% of occurrence in the water samples. The values of this herbicide
were similar to May at the end of the period and the maximum con-
centrations (350–400 ng L−1) were found in the samples of ricefields
and the irrigation channels in the north.

The fungicide tricyclazole was dominant from the beginning of the
cultivation in the four aquatic systems in 88–100%. The peak values
were observed in September and ranged from 3300 to 6600 ng L−1 in
the channels and rice fields and 5900 ng L−1 in the Lake Albufera.
ons of pesticides in the cultivation period. The vectorsMay, July and Sept (September) rep-
n dots), O for the outlets (dark green diamonds) and LK for the lake (blue triangle). N and S
es to colour in this figure legend, the reader is referred to the web version of this article.)



Fig. 8. PCA scatter plots of thewater samples distributed by the accumulated concentrations of the four pesticide groups in the three sampling data (A,May; B, July; C, September). Vectors
legend: herbicides (HERB), metabolites (MET), insecticides (INS) and fungicides (FUNG).
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3.3. Sediment samples

The sediment samples were collected in ricefields and Lake Albufera
in the midterm of the cultivation period in 21 sampling points (Fig. 9).
The sediment samples of the ricefieldswere collected at the same points
as the water samples. The HPLC-MS/MS analyses determined a total of
17 pesticides in the sediment samples and that they were the same
compounds as those analyzed in the water samples. The rice fields
and Lake Albufera had 76% and 38% of the total number of pesticides
9

identified in this study, which means a difference of 24% and 33% from
the pesticides found in the water samples (Fig. 3B and C). The pesticide
concentrations in the sediment samples were mostly below
500 ng g−1d.w. with the exception of two sediment samples of two
rice fields at the north of the Natural Park (Fig. 9). The samples of the
lake closest to the exit of the irrigation channels also presented concen-
trations between 100 and 500 ng g−1d.w. These punctual differences
were not enough to showed significant differences between the north
and south zone in the samples (Two-way PERMANOVA: F = 1.24,



Fig. 9. Accumulated concentrations of pesticides in the sediment samples of the ricefields
(diamonds) and Lake Albufera (circles) in July 2016. The concentrations were obtained in
dry weight of sediment (ng g−1d.w.).
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p>0.05). The concentrations of pesticides accumulated in the ricefields
(35 ± 0.7 ng g−1 d.w.) quadruplicate the concentrations of the Lake
(9.5 ± 1.3 ng g−1d.w.).

The Cluster analysis grouped the sediment samples in three main
clusters with 0.98 of correlation. One of the groups had almost all of
the lake samples. The difference between the other two samples of the
Lake and the samples of the ricefields was the concentration in fungi-
cides. Only 50% of the pesticides determined in the sediment samples
were detected in Lake Albufera (Two-way PERMANOVA: F = 6.56;
p < 0.001).

The common and ubiquitous pesticides in the sediment of these sys-
tems were the bentazone and the four fungicides prochloraz,
propiconazole, tebuconazole and tricyclazole. The dominant com-
pounds were the bentazone and the tricyclazole (Fig. 10) just as in the
water samples. The bentazone turned out to be the only herbicide
with 100% of occurrence and the most significantly different over the
Fig. 10. Concentrations of the pesticides groups in the sediment samples of the ricefields and
(ng g−1d.w.). Red circles indicate the outliers. The values of the outliers are only pointed when
colour in this figure legend, the reader is referred to the web version of this article.)
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fungicides (Mann-Withney post hoc: p < 0.05). No herbicide metabo-
liteswere detected. The PCA analysis of the sediment samples explained
the 99% of the variability of the data with the two first components. The
first component (60%) separates the ricefields from Lake Albufera due to
the concentrations of fungicides. The second axis (39%) defined the var-
iability of the data between the herbicide values (Fig. 11). There were
significant differences between the pesticide groups (One-way
ANOVA: F= 52.9, p< 0.001) The R1-N had up to nine timesmore accu-
mulated concentration (> 900 ng g−1d.w.) than the remained samples.

The bentazone in this sample was higher than 800 ng g−1 d.w. The
insecticides were found in lower concentrations than the herbicides
and fungicides (Tukey's test post hoc: p < 0.001). The Spearman corre-
lation analyses were performed on the majority of common pesticides
in the pool of sediment samples. Three stronger positive correlations
(0.7–0.89) associated the pairs imazalil-tebuconazole and prochloraz-
tebuconazole. The last one joined the bentazone with the prochloraz
and the tricyclazole.

3.4. Hydrological balance of the Natural Park during rice cultivation in 2016

Hydrological measures of the four aquatic ecosystems studied were
used to estimate the realmagnitude of the quantity of pesticides in their
water volume, water flow and flooded area that The Natural Park of the
Albufera supported during the rice cultivation in 2016. Previously, pes-
ticide concentrations were calculated in the proper units for water vol-
ume (hm3) and for area (ha) from the total concentrations obtained by
habitat and samplingmonth. Realwater volume andflooded area of rice
fields and Lake Albufera were measured by imagery analytical methods
and thewater volume andwater flow for the channels and outlets mea-
sured in situ in the field. The figure below represents the quantities of
pesticides estimated in the water and the sediment of the aquatic hab-
itats studied in the Natural Park of the Albufera in the midterm of the
rice cultivation period (Fig. 12).

The initial values of pesticides in both habitats in July were around
9 kg hm3 and also in the irrigation and outlet channels. At that time, ap-
proximately 12800 ha of ricefieldswere floodedwith 15.3 hm3 ofwater
while Lake Albufera had almost 21 hm3 of water volume. Lake Albufera
had 30% more pesticides than the rice fields (142 kg). This means that
the relationship of the kg of pesticides between these two habitats is ex-
plained by the difference in their water volumes at this moment of the
cultivation period. The maximum amount of pesticides in the Lake
was reached in September with 227 kg whereas at the beginning of
the cultivation there was 5.3 kg. The outlets are not usually opened in
July so in the figure an estimation of themonthly output to theMediter-
ranean Sea is indicated.

The 50–60% of the pesticide amount in thewater of thewetlandwas
due to the herbicides but Lake Albufera had near 80%. The opposite was
observed in the sediment of the lake as well as in the rice fields where
the fungicides were the most accumulated. The percentages of
Lake Albufera in July 2016. The concentrations were obtained in dry weight of sediment
the outlier appear out of the concentration scale. (For interpretation of the references to



Fig. 11. Principal Component Analysis scatter plot and Cluster of the sediment samples of ricefields (orange) and Lake Albufera (blue). The legend labels were performed as the water
samples but including the initial S to indicate sediment. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

S. Calvo, S. Romo, J. Soria et al. Science of the Total Environment 774 (2021) 145009
fungicides and herbicides in the sediment were very similar in both
habitats while the accumulated values calculated by area in dry weight
revealed that the ricefields had eight times more pesticides
(0.8 kg ha−1) than Lake Albufera (0.1 kg ha−1). In terms of flooded
area, the rice fields reached one tonne of pesticides (1027 kg) and the
lake reached 18 kg.
Fig. 12. Hydrological balance of pesticides in the water and the sediment of the aquatic habi
channels and the outlets and the direction of the water flow when discharged to Lake Albufe
the outlets is monthly mean data.
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3.5. Risk assessment

The (RQ) was calculated for several organisms of the Natural
Albufera Park. The mean and maximum concentrations of the pesti-
cides were used in the calculations. The majority of pesticides that
had effects in the short-term (EC50) also did in the long-term
tats of The Natural Park of the Albufera in July 2016. The arrows represent the irrigation
ra from the rice fields. The waterflow is indicated over the arrows. The output flow from



Table 2
Risk Quotient values obtainedwith EC50 data for the primary producers present in theNatural Park of the Albufera analyzed.Mean andmaximum(max.) are the pesticides concentrations
of the complete cultivation period.

Pesticides Primary producers risk quotient (EC50)

Pseudokirchneriella
subcapitata

Scenedesmus
subspicatus

Chlorella sp. Anabaena
flos-aquae

Navicula
pelliculosa

Nitzschia palea Lemna sp.

Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max

Bensulfuron methyl >1 >1 >1 >1 0.2 0.8 >1 >>1 >>1 >1
Bentazone 0.9 <1 0.4 >1 0.8 >1

MCPA >1 0.02 0.1 0.9 >1 0.5 1.0
Diuron >1 >1 >1 >1 0.5 1.0 0.9 >1 0.2 0.4 0.9 >1
Propanil >1 0.1 0.5 >1 >>1 0.1 0.5
Terbutryn >1 >1

Terbuthylazine-desethyl 0.1 0.2
Terbuthylazine-2-hydroxy 0.1 0.2

Imazalil 0.03 0.2 0.1 0.5
Prochloraz >>1 >>1 >1 >>1

Propiconazole >1 >>1
Tebuconazole 0.1 0.6 0.1 0.6 >1 >1
Tricyclazole 0.2 >1 nd nd

>>1: RQ values one magnitude higher; “nd”: no EC50, NOEC data found.
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(NOEC). This is why the results of the RQ calculated with the EC50

were considered representative to present in the study (Tables 2
and 3). RQ values from 0.1 to 1 (medium and harmful effects, respec-
tively) are presented for the primary producers in Table 2 and for the
remaining organisms in Table 3. Only for the macroinvertebrates
Chironomus riparius and Eisenia fetida is the RQ data shown with
NOEC because several pesticides indicated effects at long-term in-
stead of at short-term.

The herbicide results pointed to harmful effects (RQ>1) for only the
primary producers and the insecticides for crustaceans and Chironomus
riparius. The fungicides result in the same negative effects for themajor-
ity of the organisms evaluated including some freshwater algae. The
two metabolites of terbuthylazine supposed medium risk for
cyanobacteria. The terbutryn also dropped to medium risk in chronic
effects for Pseudokirchneriella subcapitata. The insecticides diazinon
and ethion could be very dangerous for crustacean organisms such as
Daphnia species and Simocephalus sp. and Gammarus sp. The
acetamiprid and imidacloprid insecticides seemed to be particularly
toxic for the macroinvertebrates C. riparius and Gammarus sp. The last
one was particularly sensitive to the acetamiprid in the short and long
term. The propiconazole and prochloraz had RQ values >1 for some pri-
mary producers. Lemna sp. was also sensitive to tebuconazole. Daphnia
magna was also very sensitive to many fungicides in the long term (no
Table 3
Risk Quotient values obtainedwith EC50 for the crustacean,mollusc and fish present in theNatu
(**). Mean and maximum (max.) are the pesticides concentrations of the complete cultivation

Pesticides Risk quotient(EC50)

Daphnia magna Daphnia pulex Simocephalus
sp.

Gamma
fasciatu

Gammaru

Mean Max Mean Max Mean Max Mean

Acetamiprid 0.3 >1 0.3
Diazinon >1 >>1 >>1 >>1 >1 >1 >>1
Ethion >>1 >>1 0.3 1.0 0.3

Imidacloprid
Carbendazim 0.1 0.6
Prochloraz 0.1 0.8

Propiconazole 0.8 >1
Tebuconazole 0.1 0.3
Thiabendazole 0.2 0.7
Tricyclazole 0.05 0.6

>>1: RQ values one magnitude higher; “nd”: no EC50, NOEC data found.
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acute or chronic data of imazalil for this cladoceran available in the da-
tabases). The propiconazole showed medium risk as chronic effect for
P. clarkii and Eisenia fetida. Lepomis sp. was the only genus of fish with
sensitivity to some pesticides, particularly to tricyclazole. NOEC data of
many biocides were not available for this organism. Finally, none of
the sixteen pesticides analyzed presented any risk for Anas
platyrhynchos.

4. Discussion

Twenty-one pesticides were in the water and sediment samples of
the aquatic habitats of the Natural Park of the Albufera were found.
The use of some of these detected compounds in this study was forbid-
den before and during 2016: diazinon by Decision, 2007/393/EC,
terbumeton and its metabolite terbumeton-desethyl, terbutryn and
ethion by Regulation (EC) 2076/2002; carbendazim by Regulation
(EU) 540/2011 and tricyclazole by Regulation (EU) 2016/1826. Cur-
rently, imidacloprid is only approved to use in greenhouses by
Regulation (EU) 2018/783 and also the pesticides propiconazole
(Regulation (EU) 2018/1856) and propanil (Regulation (EU) 2019/
148) have been disapproved. The last compound was under revision
about its renovation or prohibition in 2016. The chemical properties of
the pesticides determined (PPDB, 2020), the regulations of their
ral Park of theAlbufera analyzed. RQ valueswith NOEC are showed formacroinvertebrates
period.

Risk quotient (NOEC)**

rus
s as
s sp.

Bivalvia Lepomis
macrochirus
(as L. gibbosus)

Chironomus
riparius**

Eisenia
fetida**

Max Mean Max Mean Max Mean MaxMax Mean Max

>1 >1 >1
>>1

1.0
>>1 >>1
>1 >1
0.5 >1

0.2 >1 0.3 >1
0.5 >1

0.2 0.6
0.05 0.7 0.7 >1 0.8 >1
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approval and their current status about under Regulation (EU) n° 1107/
2009 is indicated in the Supplementary Table S2.

4.1. Water samples and rice cultivation period

TheNatural Park of the Albuferawas host tomost of the pesticide di-
versity and quantities of the water in the month of July when pesticide
treatments were being administered. There was a change in the pres-
ence and concentrations of pesticides during the rice cultivation period
studied. Since the beginning of the cultivation period the samples of the
irrigation channels and the rice fields had the highest concentrations of
pesticides. However, the Lake was already showing mean concentra-
tions higher than the other ecosystems. This result could imply that
these systems had pesticides before the first treatments performed for
the rice cultivation in 2016. The lake seems to have a certain amount
of pesticides that are not completely eliminated. The pesticides flow
from the ricefields to the lake throughout the irrigation channels and
then are removed to the outlets so the lake receives the pesticides
from the runoff and the outlets assumed themajor part of the pesticides
drained until the end of the cultivation.

The rice cultivation treatments start with the use of herbicides
against the weeds and only when rice plants are growing are the fungi-
cides poured to evade or reduce the presence of plagues responsible for
rice diseases. At the beginning of the pesticide treatment thewater sam-
ples only had one herbicide and four fungicides so their accumulation
was due to the concentrations of the fungicides already present in this
term. The outlets had also more herbicides than other biocides at this
moment. The herbicides are used as the first treatment and they flow
through to these channels from the ricefields during the short drainage
period that is generally done in June. This may explain the increasing in
magnitude orders of the concentrations accumulated in July in the
aquatic systems and the fact that the herbicides duplicated the maxi-
mum values of the fungicides in this term.

The ordination analyses approximated the order usually followed by
the farmers of the Natural Park treating the ricefields. The first treat-
ments are carried out in the ricefields of the south (points 8 to 11)
and are the first which drain water to the lake. The water samples of
the irrigation channels in these points had more quantity of pesticides
than the channels of the north (Fig. 9). The ricefields of the North points
1 and 2 had the highest values of fungicides. This may indicate that
these were fields where the last applications were done because the
fungicides are generally the last biocides used before harvest. Previously
to the harvest of the cereal in September 2016, the Agriculture Depart-
ment of the Valencian government notified of an invasive grass (Leersia
oryzoides) recently introduced in the Valencian ricefields (GVA, 2017).
This fact could be related to thepresence of theherbicides and their con-
centrations detected in the water samples of the rice fields and irriga-
tion channels in September. The ubiquity of the abundant pesticides in
Mediterranean aquatic systems from April to June has been reported
(Comoretto et al., 2007; Köck et al., 2010).The bentazone and the
MCPA are post emergence herbicides sprayed on dicotyledonous and
monocotyledonous weeds, respectively, in this period. The first herbi-
cide is usually sprayed five-six weeks after sowing and needs 2–3 cm
ofwater levelflooding thefields but due to the starting of the cultivation
in 2016 was delayed the absence of this herbicide in July could be justi-
fied in our results. TheMCPA is generally sprayed at the beginning of the
tilling of the rice, whichmeans around the end of June but it was found
early in the cultivation of 2016. Both compounds are polar herbicides
with high solubility and quickly photolyzed in the water but the
bentazone is more persistent in the water than the MCPA (Table S2).
These properties could explain the presence of the bentazone in the
aquatic habitats until September as it was found in one of the main
ditches that drains water into the Mediterranean Vaccarès lagoon
(Comoretto et al., 2007). The MCPA and the bentazone dropped around
100–300 ng L−1 at late July in Vaccarès lagoon but only our results of
MCPA were around 100 ng L−1 in north and south points of Lake
13
Albufera. Our results of bentazone in the Lake Albufera contrasted in
time presence and concentrationswith themaximums of 9400 ng L−1in
July and 1900 ng L−1 in September in the Vaccarès lagoon.

The bensulfuron methyl and propanil were mainly detected in July
and practically disappeared in the ecosystems. Both herbicides have
low half-time in water and the propanil even less than 2 days in rice
fields water (Comoretto et al., 2007; Zanella et al., 2011).

The fungicides prochloraz, propiconazole, tebuconazole and
tricyclazole are post emergence fungicides usually sprayed from themid-
term of July until the harvest of the rice. Propiconazole and tricyclazole
are currently forbidden but the tricyclazolewas under reviewof approba-
tion before its expiration in October 2016 (Regulation (EU) n° 2016/
1826). In fact, the use of this chemicalwas allowed as a terrestrial and ae-
rial treatment by the Agricultural Ministry of Spain with an exceptional
authorization from 15th July to 28th October (MAPA, 2016). It could be
sprayed twice in one treatment after 15–20 days of interval. The
tricyclazole has high solubility, is persistent in the water and has no sta-
bility to photolysis in the water with higher partitioning to the particles
of the soil (Table S2). An experimental field study Tsochatzis et al.
(2013) reported that this fungicide is not really persistent in the water
of the ricefields possibly due to degradation or volatilization process
and its adsorption by the sediment of thefields. Themean concentrations
of tricyclazole and its frequency were lower than those detected in the
water samples of the ricefields by Pareja et al. (2011). As for the concen-
tration of 21600 ng L−1detected in the ricefieldwater near Overa channel
(R11-S), thismight be considered as an illegal dumping.Nevertheless, the
punctual concentrations of tricyclazole in the Overa channel and the
North point of the Lake Albufera were close to the data reported by
Andreu (2008) in July 2003 so as our peak values of tebuconazole
found in July and September in the lake.

Tebuconazole concentrations of 400 to 500 ng L−1 were found in
several shallow Mediterranean lakes of Castilla y León (Spain) which
support our results in Lake Albufera in July (Hijosa-Valsero et al.,
2016). The presence of the tricyclazole and tebuconazole in the water
of ricefields before the fungicidal treatments had been seen in field ex-
perimental studies by this author. In addition, spatial variation in the
Lake was observed with higher values in the south points as this author
presented. The higher values of prochloraz and propiconazole were ob-
tained only in irrigation channels in July (3400 and 2700 ng L−1, respec-
tively) and were higher than tebuconazole. The propiconazole was
usually used before its prohibition in 2018 with prochloraz in the
same commercial product for the treatment of the rice and the
tebuconazole was used post-harvest in citrus crops. These three agro-
chemicals are used at the beginning of July and could be used until Au-
gust or September depending on the strength of the Pyricularia disease
in the year of the cultivation. The three of them had low or moderate
solubility and are bioaccumulative (Table S2). It was also found that
the persistence of the prochloraz and tebuconazole in water field sam-
ples do not last more than 4–5 days (Fu et al., 2016) when as pure sub-
stances they had a half-life of 5 and 1 year (Andreu et al., 2008). The
prochloraz is sensitive to photolysis and hydrolysis so it may be reason-
able that the concentrations dropped from July to September to a mean
of 21.2 ± 3.4 ng L−1 in the water of the four habitats. The imazalil,
carbendazim and thiabendazole were detected in concentrations
lower than 100 ng L−1. These three fungicides are not used for rice cul-
tivation but in other crops such as citrus (oranges and tangerines) and
potatoes also cultivated in theNatural Park. In fact, asmentioned before,
the carbendazim had already been prohibited before 2016. Moreover,
the effluents of the wastewater treatment plants (WWTPs) that are
treated to irrigate the fields and the water inputs from the rivers that
discharge in aquatic habitats as Lake Albufera could be and additional
source of pesticide residues. For example, Merel et al. (2018) reported
that textiles and papers commonly found in households could be a
source of carbendazim in domestic wastewater. So the detection of
these agrochemicals in the samples analyzed and its concentrations
may be related to these reasons.



S. Calvo, S. Romo, J. Soria et al. Science of the Total Environment 774 (2021) 145009
The insecticides and the fungicides, are sprayed as a prevention or
reduction/eradication tool so the period of time for the treatment
could be as wide as the cultivation period. Both biocides treatment pe-
riods run approximately from April to September as the Valencian gov-
ernment noted the presence of invasive organisms in any location close
or in the Mediterranean wetland. The acetamiprid and imidacloprid
were the insecticides most detected in the water samples of July. De-
spite this, these compounds were barely determined in the samples of
May and September. The dissipation of neonicotinoids from water has
been reported tobe largely dominated by photolysis and followed by
temperature (Rico et al., 2018).Both are soluble in water and low capa-
bility of bioaccumulation (Table 1) but their main differences are that
the acetamiprid persist in the water less than a week but is stable
under photolysis which completely the opposite with imidacloprid.

The herbicide metabolites detected were residues of the herbicide
terbumeton and terbuthylazine. The metabolites are known because
of their higher persistence in thewater. The terbumeton is not approved
but the terbuthylazine remains approved. The presence of these tri-
azines in our samples could be due to the water inputs from Turia
River to the Albufera. These compounds were determined in the water
samples collected from Turia River in 2012 and 2013 (Ccanccapa et al.,
2016). Their median and occurrence data of the metabolites were
quite in concordance with our statistical data.

Our concentrations of the herbicides diuron, terbutryn and the
terbuthylazine metabolites classified as priority substances in annex X
Directive, 2000/60/EEC did not trespass the maximum concentrations
established in the annex II of the Directive, 2013/39/EU for continental
surface waters. It has been observed in this study that the pesticides
concentrations of the water samples analyzed surpassed the maximum
individual (100 ng L−1) and total concentrations (500 ng L−1) allowed
by the legislation of European Union for groundwater (Directive 2006/
118/EEC) and drinking water (Directive 98/83/EEC).

4.2. Sediment samples

The pesticides detected and identified in the sediment sampleswere
no different to those in the water samples but four of them were not
found, such as MCPA, terbumeton, terbutryn and terbuthylazine-
desethyl. The same dominant pesticides as in the water samples were
also found. The higher persistence of the tricyclazole in sediment has
been settled in paddy experimental and field studies of dissipation
(Tsochatzis et al., 2013) under different moisture, pH, and other field
conditions (Kumar et al., 2017). The other fungicides are less mobile
to the sediment so the concentrations lower than 100 ng g−1 d.w.
could be explained by this property. The fact that these compounds
were found in Lake Albufera in even smaller concentrations than the
fields may be because they were dragged with suspended solids from
the rice fields and the water inputs from the Turia and Júcar rivers.
The sediment of several inland wetlands in Spain (Hijosa-Valsero
et al., 2016) and various restored wetlands in agricultural landscapes
in Iowa, USA (Smalling et al., 2015) did not detect tebuconazole which
is in contrastwith our results. The bentazonewas suggested to percolate
the soils in order to reach the surface and groundwater in different soils
from marches surrounding The Doñana National Park (Romero et al.,
1996). The mobility of both dominant pesticides from water to sedi-
ment and the information reported supports our results of their pres-
ence in the sediment of both systems. The biodegradation of
bensulfuronmethylwith actinomycetes, fungi and bacteria by oxidation
and hydrolysis was observed in a field study in California (Mabury and
Crosby, 1996). This study also reported that the bensulfuron methyl
had a fast degradation at higher pH in soil and that theMCPA proceeded
at the greatest rate of degradation in soils under moderate moisture.
However, a three-year field experiment conducted in Spain under aero-
bic and anaerobic rice crop conditions mentioned that aerobic condi-
tions and lower values of pH in soil were greater than the sorption of
both herbicides while bensulfuron methyl needs higher content of
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humic acids and MCPA fulvic acids (López-Piñeiro et al., 2019). These
reasons could explain the low rate and absence in the sediment samples
of the bensulfuronmethyl and theMCPA. Acetamiprid and imidacloprid
have been detected in sediment of vegetable planting areas in South
China where and the imidacloprid dominated the neonicotinoid com-
position of rice areas (Huang et al., 2020).This study might corroborate
the detection of imidacloprid in our ricefield sediment samples and not
in the lake although the occurrence was higher for the acetamiprid in
the ricefields.

The pairs or groups strongly correlated in the correlation analyses
were imazalil with tebuconazole, prochloraz with tebuconazole and
bentazone with prochloraz and tricyclazole. These correlations might
be related to the composition of the commercial pesticide products.
Some of the products are formulated by one active substance or are a
mix of two active substances such as “Teycer” products manufactured
in Valencia (Spain) (MAPA, 2020). Both of these last groups also coin-
cide with the correlations of the water samples of July. The clustering
of the compounds suggested a relationship with cultivations treat-
ments. The first pair of fungicides are not used in rice but in citrus
crops. The prochloraz and the tebuconazole are used around the same
period of time starting in July and are combined depending on the
time of the appearance of the rice diseases. The tebuconazole has a
broader spectrum of rice diseases to be used. The last group is formed
by the dominant pesticides bentazone and tricyclazole and both are cor-
related to the prochloraz. No similar time of treatment or chemical
properties could suggest this relationship.

4.3. Risk assessment

The Risk Quotient results range from RQ > 1 which means harmful
effects could be expected due to the pesticide in water to RQ < 0.1
that involves a low environmental risk. RQ values between 0.1 and 1
which means medium risk. Our main results were mainly focused on
the RQ values >1. Some of the EC50 and NOEC data was not available
in the databases explored so itwas not possible to calculate the risk quo-
tient of many pesticides for the studied organisms of theMediterranean
wetland.

The higher sensitivity to growth rate algae species to herbicides was
already reported (Sabater et al., 2002; Tarazona et al., 2003). It was
mentioned that Scenedesmus species (S. acutus and S. subspicatus)
were more sensitive than Chlorella species to bensulfuron methyl. The
author also reported the sensitivity of Scenedesmus species and
cyanobacteria Pseudanabaena galeata to an insecticide of the same
chemical group (organophosphorus) than our detected diazinon and
ethion. Suárez-Serrano et al., 2010 indicated negative effects from her-
bicides and fungicides in phytoplanktonic organisms as the microalgae
studied and D. magna from the ricefield waters.

Our results of the neonicotinoids are in accordance to Rico et al.
(2018) that found genus Chironomini as the most sensitive of the mac-
roinvertebrates analyzed to the imidacloprid.

Some toxicological studiesmay support our results of the risk of some
fungicides to the algae community. It has been observed that Navicula
species were inhibited by carbendazim in 24 h and despite the recovery
of the algal growth, the chlorophyll-a content remained significantly de-
creased at 0.5 mg L−1 of this fungicide (Ding et al., 2019). Laboratory ex-
periments of the dissipation of carbendazim and prochloraz in
monoalgae cultures showed that Scenedesmus acutus and S. subspicatus
weremore efficient thanChlorella sp. in the elimination of these fungicide
concentrations (Andreu et al. 2008). The fact that the propiconazole
could be harmful to Eisenia fetida could supplement the reported infor-
mation by Rico et al. (2016) about the earthworm sensitivity to fungi-
cides. The author found that the carbendazim was highly toxic in only a
short period to this organism. The study of Wandscheer et al. (2017) in-
dicated that tebuconazole and tricyclazole single dose did not make sig-
nificant effects in the macroinvertebrate richness and density but
precisely due to the high persistence of both fungicides in the water of
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the ricefields, recommended careful control of the dosage and number of
applications to avoid environmental contamination.

5. Conclusions

The Natural Park of the Albufera supports large amounts of several
pesticides during rice cultivation. The water and the sediment samples
had common pesticides, most of them from rice cultivation and
othersfrom the treatment of other crops. Themost ubiquitous and dom-
inant pesticides found in thewater and sediment of the aquatic systems
were the bentazone and the tricyclazole. Some of the agrochemicals de-
termined pose a risk to the aquatic and terrestrial organisms of the Nat-
ural Park. The high values obtained in the risk assessment of this
predicted negative effects on the biota. Our results suggested that the
phytoplankton species of the wetland were highly sensitive to the her-
bicides and fungicides. The fungicides were also found to have an im-
portant impact on many of the taxa analyzed of the biota studied.
Further studies about the environmental behaviour of the agrochemi-
cals broadly used in rice cultivation aswell as their toxicity on the native
organisms of this wetland are recommended.

Although the pesticides authorized for rice plant treatment could
change from one year to another and the variations in the climate condi-
tions with the inputs/outputs of the water flow between ecosystems can
also influence the length of the cultivation period a, our estimations gave
an idea of the magnitude of the quantity of pesticides that the rice
cultivationsupplies in a year. The concentrations obtained in the real
water volume andflooded areawere estimated in hundreds of kilograms
in the ricefields and Lake Albufera during 2016.These approximated
quantities should be considered as a warning about the possible impact
on the organisms and habitats of Mediterranean ecosystems subjugated
to agricultural pressure like the Natural Park of the Albufera.
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