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ABSTRACT

In areas with agricultural activity, the excessive use of pesticides can contaminate water resources. That is why a multi-residue method based on solid-phase
extraction (SPE) and gas chromatography analysis coupled to mass spectrometry (GS-MS) was used to determine eleven pesticides and five degradation products
in surface water of Central Chile. The parameters that can affect the efficiency of the SPE process were optimized considering the information available in
bibliography. As in other studies, the best results were obtained when 500 mL of water was pre-concentrated using Oasis HLB polymer cartridges and acetone
and acetonitrile were used as solvents for the elution. To ensure good quantification, matrix-matched standards were used, providing good linearity in the studied
concentration range (0.10-1.5 pg L"), with recovery percentages > 60%, precisions < 19% and quantification limits < 0.1 pg L. The surface water samples were
collected at the end of summer and winter seasons, considering rivers, creeks and irrigation canals of Cachapoal River basin. A percentage > 87% of the pesticides
analyzed in this research were detected in more than one sampled site in both seasons. The most ubiquitous compounds were desethylterbuthylazine (DET),
pyrimethanil, cyprodinil and diazinon, and the compounds detected in highest concentration were simazine and degradation products derived from triazines. Las
Cabras and Tahuilla irrigation canals presented the highest concentrations of pesticides. Significant differences were found in the total concentration of pesticides

for sites sampled at the end of the summer and winter season.
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INTRODUCTION

Pesticides are chemical compounds that are applied to the environment
to eliminate plant and animal pests and thus avoid the destruction of 50-60%
of world food production. However, the intensive use of these compounds
can cause severe environmental pollution problems since they are distributed
among water, soil, air and biota, affecting ecosystem biodiversity [1-2] and
human health [3]. Pesticides can reach a body of water through drift during
application, runoff, leaching toward the water table and washing of receptacles
of machines after application [4]. Once in this medium, they can be partially or
totally degraded, remain unchanged, be deposited in the sediment of rivers and
lakes, become bioconcentrated in aquatic organisms or return to the atmosphere
through volatilization [5].

Studies carried out in Asia [6], Europe [7-8] and the USA [9] show that
pesticides and their degradation products are often detected in surface water,
in some cases at levels exceeding the maximum individual limit (0.1 pg
L) established by the European Commission (EC) for drinking water [10].
Therefore, various countries around the world have developed monitoring
programs to evaluate the level of pesticide contamination in bodies of water,
taking the measures necessary to minimize the impact of these substances on
the environment and protect the quality of water resources [11].

In Latin America, studies on water contamination by pesticides is a little-
developed area; however, some studies have been done in Mexico, Nicaragua,
Costa Rica, Brazil and Argentina, in which it was shown that bodies of
water adjacent to agricultural areas can present elevated levels of pesticide
contamination. For example, research done in Brazil shows that drinking
water, surface water and groundwater in areas planted with cotton and sugar
cane crops contain diuron, atrazine, simazine, ametryn and metribuzin in
concentrations that exceed the maximum individual limit established by the
EC [12]. Similarly, in Argentina it has been found that bodies of water adjacent
to tobacco, onion, yerba mate, corn or soybean fields or orchards [13] present
atrazine and terbuthylazine concentrations over the maximum limit established
by the EC (0.1 pg L.

Although there are few studies related to water contamination by pesticides
in Chile, the research carried out to date shows the presence of agrochemicals
in the surface water of agricultural areas of the central zone of the country. A
study published by Retamal, et al. [ 14] evaluated the presence of nine pesticides
in the water of Maipo River (Central Chile), finding seven compounds at
concentrations below 0.1 pg L. The most recent work, published by Montory,
et al. [15], determined the concentration of nineteen organochlorine pesticides
(OCPs) in the Nuble River (Central Chile), indicating that lindane and
endosulfan were the main compounds detected in surface water and that the
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total concentration of OCPs reached a maximum level of 26.28 ng L.

The drinking water quality standard in Chile (NCh 409/1 of 1984)
[16] establishes the maximum individual limit for twelve pesticides, with
concentrations that fluctuate between 100 and 0.01 pg L for 2,4-D and
hexachlorobenzene, respectively. More than four hundred and fifty active
substances are currently used for pest control in the country; therefore, it is
crucial to evaluate the level of water resource contamination in Chile, mainly
in regions with the greatest sales and use of agrochemicals. In order to achieve
this it is first necessary to implement a robust analysis method for rapid and
simultaneous determination of various types of herbicides, fungicides and
insecticides in water samples that allow them to be evaluated with greater
certainty.

In general, the determination of pesticides in water is a laborious process,
in which the sample taking and pretreatment stages require up to two thirds
of the time necessary for the complete analysis [17]. Solid-phase extraction
(SPE) as a pretreatment technique is one of the most used for the analysis of
organic contaminants in aqueous samples and gas chromatography coupled to
a mass spectrometry detector (GC-MS) is one of the most used techniques for
evaluating the presence of these contaminants in the environment [18]. In the
case of aqueous samples, various studies have used GC-MS to simultaneously
determine organochlorine, organophosphorus, triazine and pyrethroid
pesticides [19] with detection limits below 0.1 pg L' and good sensitivity and
peak resolution.

The objective of this work was to assess the changes in the presence of
sixteen pesticides in river water samples in summer and winter periods in a basin
in Central Chile with intense agricultural activity (that of the Cachapoal River).
Rainfall is very important in this area because they are intense and short-lived,
concentrating between May and August with a monthly average of 68 mm.
The compounds determined were four fungicides (pyrimethanil, metalaxyl,
cyprodinil, kresoxim-methyl), five herbicides (simazine, fluometuron, atrazine,
terbuthylazine, acetochlor), two insecticides (chlorpyrifos, diazinon) and five
of their main degradation products [deisopropylatrazine (DIA), deethylatrazine
(DEA), desethylterbuthylazine (DET), diazoxon, CGA-92370]. They were
selected according to their use in the area in cultivation of fruit trees and the
annual report of pesticide sales published by Servicio Agricola y Ganadero de
Chile [20]. A multi-residue method through SPE and subsequent separation
and quantification by GC-MS was proposed for determining pesticides [21-
22] and the levels established by European Commission for drinking water
were considered as a reference to determine contamination in the natural water
samples from Central Chile.
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EXPERIMENTAL

Chemicals and reagents

The pesticide standards with purity > 98% were provided by Sigma—Aldrich (Gillingham, UK) and Dr. Ehrenstorfer (Augsburg, Germany). Selected
characteristics of compounds are included in Table 1. A concentration of 500 or 1000 pg mL"' solution was initially prepared in methanol for each standard and
then solutions with all of the analytes were prepared at lower concentrations in order to prepare the calibration curves and spike the ultra-high quality (UHQ) or

uncontaminated river water samples to evaluate the matrix effect.

Table 1: Common names, uses and physicochemical properties of pesticides selected and some degradation products. All data were taken from (VEpiSuite
Program V. 4.1 and Lewis, et al. [23]. Compounds with letters in brackets correspond to the degradation products of the parent compound with the same letter in

the superscript.

Compound Use Chemical group Sw (mg L) Koc (ml g™) log Kow
Fluometuron Herbicide Phenylurea 111 154.3M 2.28
CGA 92370 (a) Degradation product Degradation product - - -
DIA (b) Degradation product Degradation product 980 130 1.15
DEA (c) Degradation product Degradation product 2700 110 1.51
DET (d) Degradation product Degradation product 327.1 - 2.3
Diazoxon (e) Degradation product Degradation product 245.10 174.70 2.100
Metalaxyl® Fungicide Acylalanine 8400 162 1.75
Simazine®™ Herbicide Triazine 5.0 130 23
Atrazine®© Herbicide Triazine 35 100 2.7
Terbuthylazine®® Herbicide Triazine 6.6 3090 3.4
Diazinon® Insecticide Organophosphate 60 609 3.69
Pyrimethanil Fungicide Anilinopyrimidine 121 709.90 2.84
Acetochlor Herbicide Chloroacetamide 282 14 4.14
Chlorpyrifos Insecticide Organophosphate 1.05 415.10 4.7
Cyprodinil Fungicide Anilinopyrimidine 13 3111w 4.0
Kresoxim-methyl Fungicide Strobilurin 2 625.30 34

Sw: Water Solubility at 20°C

log Kow: Octanol-water partitioning coefficient at pH 7, 20°C
Koc: Soil sorption coefficient

-: no data available

River water sampling

During 2016 surface water samples were collected at various points in
the Cachapoal River basin in Central Chile (located in the region with the
greatest pesticide sales in the country), comprising two rivers (Claro and
Cachapoal), two creeks (La Cadena and Zamorano) and two irrigation canals
(Las Cabras and Tahuilla). This region has an area of 6370 km? and the main
crops are grapes, apples, peaches, plums, cherries, nectarines, pears, oranges,
walnuts, avocados and lemons (Figure 1). Two samplings were carried out,
one at the end of the summer (April) and the other in winter season (July),
with a total of thirty water samples collected (eighteen in April and twelve in
July). The samples were taken in 2-L amber glass bottles and transported to the
laboratory in coolers with ice. In less than 48 hours, they were passed through
nitrocellulose filters with a pore size of 0.45 pm and stored at -20°C until their
pre-concentration by SPE.

Analytical methodology and GC-MS chr graphic conditions

The effects of sorbent type, the solvent used in the elution and pre-
concentrated sample volume were previously evaluated to optimize the pre-
concentration process by SPE. Five SPE sorbents for extracting the compounds
of interest were compared Oasis HLB (60 mg, Waters), LiChrolut EN (200
mg, Merck), Strata X (60 mg, Phenomenex), silica C18 (Sep-Pak Plus 900 mg,
Waters) and carbon (SampliQ 500 mg, Agilent)). The procedure was followed
as indicated by Herrero-Hernandez, et al. [21]. In brief, they were conditioned
with 10 mL of methanol and 10 mL of UHQ water and a volume of 100 mL
of UHQ water spiked with all of the analytes at a concentration of 1 pg L
was concentrated. The elution was carried out with 8 mL of eluent, which was
subsequently evaporated to dryness under a nitrogen stream in an EVA-EC2-L
evaporator (VLM GmbH, Bielefeld, Germany). The residue was redissolved in
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1.0 mL of methanol and the extract was filtered with 0.45 um GHP Acrodisc
filters for subsequent analysis by GC-MS. The effects of five organic solvents
(acetone, acetonitrile, methanol, hexane, ethyl acetate and a combination of
acetone and acetonitrile) as eluents and five spiked UHQ water volumes (50,
100, 250, 500 and 1000 mL) were also assessed.

The analysis was carried out in an Agilent 7890 gas chromatograph
coupled to an Agilent 5975C Triple Axis MSD mass spectrometer and the
separation was done using a ZB-5MS capillary column (Phenomenex) (30 m
x 0.25 mm id with 0.25 pum film thickness). The chromatographic conditions
that allowed good separation and quantification of the analytes were as it is
indicated by Herrero-Hernandez, et al. [21]. The total analysis time was thirty
minutes. To identify each pesticide and degradation product, the three most
abundant ions were selected by separately injecting each compound and, for
quantification, the ion found in the greatest proportion was selected.

Analytical method validation

The different analytic parameters were assessed using samples of UHQ
water or uncontaminated natural water spiked with known concentrations
of the different compounds. The matrix effect was evaluated in duplicate by
comparing the analyte signal obtained when pre-concentrating 500 mL of
UHQ water with that obtained when pre-concentrating 500 mL of river water,
both spiked with a concentration of 0.1 pg L' of all compounds. The linearity
of the calibration curves was evaluated at a concentration range between 0.1
and 1.5 pg L' using calibration standards prepared in uncontaminated river
water (matrix-matched calibration standards) to ensure good quantification.
Calculations were made using peak areas. The accuracy (average recovery)
was determined by evaluating the recovery percentage for five replicates and
precision of the method (repeatability and reproducibility) was assessed by
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determining the concentration, on the same day, of five samples of river water (500 mL) spiked with 0.1 pg L' of each compound, as well as the concentration
variation of each analyte, for the same sample, for five days. The limits of detection (LODs) and quantification (LOQs) were estimated as the analyte concentration

with a signal-to-noise-ratio of 3 and 10, respectively.
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Figure 1: Map of land use of Cachapoal River basin (Central Chile) and surface sampling points. Self-elaboration

based on data Fruit Catastro year 2015 [24].

Statistical data analysis

Intra-group comparisons were carried out to verify differences in the total
concentration of pesticides between the collected samples at the end of summer
and during the winter season. The statistical t student was used for this purpose
and the p values less than 0.05 were considered significant. The statistical
analyses were performed using R software. It is important to mention that for
logistical problems, Las Cabras Canal and Cachapoal River were not sampled
at both seasons; therefore the statistical analysis was performed for Tahuilla
Canal, Cadena Creek, Zamorano Creek and Claro River.

RESULTS AND DISCUSSION

Optimization of GC-MS chromatographic conditions

To optimize the GC-MS chromatographic conditions, the individual
standards were injected in methanol at a concentration of 1 pg mL"'. Each
compound was analyzed in scan mode to identify the most abundant ions
and retention times. The conditions described by Herrero-Hernandez, et al.
[21] were initially used, maintaining the carrier gas flow rate at 1.5 mL min’!
and using splitless injection mode. However, it was necessary to modify the
temperature ramp in order to achieve good peak resolution and separation. The
initial conditions were the following: from 100 to 200°C at 20°C/min (holding
time 1 min), to 210°C at 1°C/min, to 230°C at 5°C/min, and to 315°C at 50°C/
min (2.3 min), total chromatographic time of 24 min. In this research, the
chromatographic conditions that allowed good separation and quantification of
the analytes were the following: electron impact ionization mode, an ionization
energy of 70 eV, an electron multiplier voltage of 1700 V, a source temperature
of 230°C, a transfer line temperature of 150°C, helium carrier gas, a flow rate
of 1.0 mL min™! and an injection volume of 5 ul at 220°C in splitless mode. The
following temperature gradient was used: from 80 to 180°C at 20°C min™' (2
minutes), from 180 to 190°C at 1°C min™ and from 190 to 310°C at 80°C min"!
(11.5 minutes). The three most abundant ions of each compound were selected
(one to quantify and two to confirm) by comparing the spectra from the mass
library (NIST 08) with those obtained when injecting the standards in scan
mode. Finally, three different windows were created as a function of retention
times in which the selected ions for the compounds included in each window
were determined (Table 2).

Optimization of the pre-concentration stage and analytical method
validation

To optimize the SPE method, the recovery percentage of each of the
compounds was evaluated by modifying the sorbent type, the solvent used
for elution and the sample volume. Results obtained for five different types
of sorbent tested are shown in Figure 2a and 2b. In general, the recovery
percentages obtained with C ; and LiChrolut cartridges were similar for most
of the compounds, with values that fluctuated between 51 and 91%. The lowest
recovery percentages were obtained using the carbon-based sorbent, with
the fungicides cyprodinil and pyrimethanil and the insecticide chlorpyrifos
presenting the lowest recovery percentage (< 20%). The best results were
obtained using Oasis HLB and Strata X cartridges, with 88 and 69% of the
studied compounds, respectively, presenting a recovery percentage over 60%.

According to these results the Oasis HLB sorbent was selected to evaluate
the efficacy of different organic solvents tested and the preconcentrated sample
volume. The use of hexane resulted in the worst recovery percentages, which
were < 50% for all of the compounds. When ethyl acetate was used, only eleven
compounds presented a recovery percentage over 60%. Meanwhile, when using
methanol, acetone or acetonitrile, more than 70% of the compounds presented
good recoveries, with the compound type varying as a function of polarity
(Figure 3a and 3b). Therefore, it was decided to use a sequential elution with
acetone and acetonitrile, resulting in recovery values > 70% for 73% of the
studied compounds.
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Table 2 Optimized parameters GC-MS for the determination of pesticides and some degradation products in water samples.

Monitored ions (Abundance)
. SIM Quantification . I
Compound RT (min) window ion (m/z) Identification ions (m/z)
Fluometuron 4.8 1 174 219 (794)/187 (536)
CGA 92370 7.5 1 148 120 (572)/91 (322)
DIA 8.0 1 173 158 (870)/145 (751)
DEA 8.2 1 172 187 (349)/174 (309)
DET 8.6 1 186 188 (319)/83 (287)
Simazine 9.9 2 201 44 (798)/186 (565)
Atrazine 10.2 2 200 215 (615)/58 (378)
Diazoxon 10.6 2 273 137 (740)/288 (319)
Terbuthylazine 10.8 2 214 43 (574)/173 (512)
Diazinon 11.2 2 137 152 (659)/179 (569)
Pyrimethanil 11.4 2 198 199
Acetochloro 13.9 3 59 146 (839)/162 (696)
Metalaxyl 15.1 3 45 206 (326)/132 (299)
Chlorpyrifos 17.7 3 197 199 (974)/314 (865)
Cyprodinil 20.8 3 224 225 (616)/210 (100)
Kresoxim-methyl 26.7 3 116 131 (533)/206 (516)
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Figure 2: Recoveries of pesticides after solid phase extraction with diffe-
rent sorbents (a and b). In all cases, 100 mL of UHQ water are preconcentrated
with all compounds at 1.0 pg L-1 and eluted with 8 mL of methanol.
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Figure 3: Recoveries of pesticides after solid phase extraction with
different solvents using Oasis HLB catridges (a and b). In all cases, 100 mL of
UHQ water are preconcentrated with all compounds at 1.0 pg L-1 and eluted
with 8 mL of methanol.



Another of the studied parameters was pre-concentrated sample volume,
for which 50, 100, 250, 500 and 1000 mL of UHQ water spiked with 0.2 ug of
each compound were passed through Oasis HLB cartridges. The results showed
that the recovery percentage remains constant when pre-concentrating between
50 and 500 mL of water, and decreases considerably when pre-concentrating a
greater sample volume. Considering this variation and the time required to pre-
concentrate the various volumes of water, it was decided to work with a volume
of water of 500 mL since it allows a greater recovery percentage to be obtained.

To evaluate the matrix effect, the analyte signals were compared in
duplicate at a concentration of 0.1 pg L' by pre-concentrating 500 mL of UHQ
water and river water. Most of the compounds presented a signal suppression
or enhancement between 5 and 19%, with the exception of the degradation
products CGA-92370, DEA, DET and diazoxon, which presented a variation
> 25%. Therefore, to minimize the matrix effect and avoid a decrease in or
overestimation of the pesticide concentration, matrix-matched standards were
used.

J. Chil. Chem. Soc., 63, N°2 (2018)

The linearity parameters, LODs and LOQs, were determined by preparing a
calibration curve between 0.1 — 1.5 ug L' for each compound in 500 mL of river
water treated in the same way as the samples. Good linearity was obtained for
all the samples, with correlation coefficients > 0.99 and limits of quantification
lower than the maximum established by the EC. The LOD fluctuated between
0.011 and 0.030 pg L' for diazoxon and acetochlor, respectively, and the LOQ
between 0.036 and 0.099 pg L' for the same compounds. Both parameters
were estimated as 3 and 10 times the signal/noise relationship for each analyte,
respectively (Table 3).

The precision of the method (repeatability and reproducibility) was
evaluated by determining the relative standard deviation of the peak area in
five water samples fortified with 0.1 pg L' of each compound. In every case,
the pesticide and degradation product signal presented a coefficient of variation
<19%. The accuracy of the method was determined by evaluating the recovery
percentage by modifying the type of sorbent and elution solvent and the sample
volume that passed through the cartridge. The recovery percentages varied
between 61 and 107 %, with a coefficient of variation between 3 and 18%.

Table 3: Quality control parameters of SPE-GC-MS method, applied for analysis of pesticides and degradation products in water samples.

2

Compound Regression equation (Ol:llg(;il_].)SO (;I;gOI]? y ( :l“gol?_l) 1?1?2 r((;){:})/ Sza(:i)z); Re((:%el‘y RSD (%)
Fluometuron y =190985x + 5702 0.9991 0.029 0.096 10 10 89.5 6.4
CGA 92370 y=1%10° - 42019 0.9992 0.025 0.084 7 7 77.5 0.7
DIA y = 1*10°x + 703880 0.9928 0.025 0.085 8 18 75.5 7.8
DEA y =9*10°% + 703723 0.9985 0.024 0.080 4 8 81.5 4.9
DET y=1*10x + 1*10° 0.9985 0.016 0.054 8 10 88.5 14.8
Simazine y=3*10° + 581544 0.9989 0.021 0.069 16 9 74.3 6.7
Atrazine y =8*10° + 662734 0.9991 0.028 0.092 5 11 75.0 8.5
Diazoxon y = 828297x + 14721 0.9994 0.011 0.036 16 8 105.0 2.8
Terbuthylazine y=1*%10° + 184335 0.9964 0.027 0.091 12 18 84.0 42
Diazinon y =802794x + 264370 0.9967 0.025 0.082 14 12 79.0 4.2
Pyrimethanil y=3*10°% — 90210 0.9997 0.026 0.088 7 9 61.0 5.7
Acetochloro y=491847x — 14371 0.9997 0.030 0.099 15 11 72.5 13.4
Metalaxyl y =809862x — 15016 0.9994 0.029 0.097 3 8 105.5 3.5
Chlorpyrifos y =182429x - 9334 0.9992 0.025 0.084 13 19 58.0 1.4
Cyprodinil y=1*10° - 21427 0.9989 0.019 0.063 6 9 87.0 9.9
Kresoxim-methyl y = 845199x - 4658 0.9999 0.027 0.090 12 14 80.0 15.6

Pesticide determination in real surface water samples

The method was applied to the determination of the studied compounds in
different samples of surface water from the Cachapoal River in Central Chile.
A percentage >87% of pesticides included in this work were detected in one
or more of the sampled sites. Of the sixteen studied analytes, atrazine, DET,
pyrimethanil, cyprodinil and diazinon were detected in most surface water
samples, while fluometuron, acetochlor and CGA 92370 were not detected
in any of the analyzed samples. At the end of the summer, pyrimethanil and
cyprodinil were the analytes detected in the greatest concentrations, while
in winter season, simazine and DET presented the highest concentrations
(Table 4). Figure 4a shows that at the end of the summer, DET, pyrimethanil,
cyprodinil and chlorpyrifos were detected in more than 15% of the samples in
concentrations above the maximum individual limit established by the EC (0.1
pg L). Regarding the concentrations of compounds detected in samples at
winter period terbuthylazine, atrazine, DIA, DET and diazinon, were detected
in more than 40% of the analyzed samples at concentrations over 0.1 pug L
(Figure 4b). Of all of the sampled sites at the end of the summer, Las Cabras
Canal presented the greatest level of pesticide contamination and of the samples
collected in winter season, Tahuilla Canal presented the greatest total pesticide
concentration. Finally, statistical analysis using the t student showed significant
differences in the total concentration of pesticides for the sampled sites at the
end of the summer and winter season (Table 5).

It is important to stress that in this work the monitored irrigation canals

are located in the lower part of the basin (Figure 1), draining a large part of
the fields located in the Puemo and Las Cabras area. In addition, the study
area presents marked spatio-temporal variations in precipitation levels, with
the most intense in the central valley of the basin. Finally, the tributaries of
the Cachapoal River present mixed (La Cadena Creek and Claro River) and
pluvial (Zamorano Creek) hydrological regimes, with highly variable daily
streamflows and monthly averages (for example, 6.81 m’s' in the Claro River
and 18.16 m’s! in Zamorano Creek); therefore, all of these characteristics
could influence the quantity of pesticides and degradation products that enter
the bodies of water in the winter and/or summer period.

Occurrence of herbicides and degradation products derived from
triazines in surface water of Cachapoal river basin

Simazine and atrazine were the most ubiquitous herbicides in the sampling
performed at the end of the summer period, and were detected in 83 and 100%
of the samples, respectively. However, the concentrations did not surpass the
limits of quantification of the method. In winter, there was an increase in the
concentration of both compounds, with terbuthylazine also detected in 75% of
the analyzed samples.
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Figure 4: Distribution of samples collected at the end of the summer season (a) and at the winter season (b) according to the percentages
of samples with not detected compounds, or with concentrations higher than LODs and above 0.1 pg L.

Table 5: Total concentration of pesticides (ug L) and statistic analysis
(t-student-test) by sites/season samples. For the statistical analysis, the
concentrations lower than limit of quantification were considered as zero.

Pesticides total concentration

Site Summer season | Winter season | t-student-test
Tahuilla Canal 0.412+0.155 | 38.467 +0.839 p <0.001
Cadena Creek 0.172+0.011 5.151 + 1.699 p <0.037

Zamorano Creek 0.111 £0.007 7.002 + 0.492 p <0.002
Claro River 0.030 +0.052 1.512+0.070 p <0.001

The degradation products DEA and DET were detected in all of the
samples analyzed at the end of summer, although also in concentrations that
did not surpass the limits of quantification. In the winter period, 75% of the
samples presented a triazine-derived degradation product, with DET exhibiting
the greatest concentration, with a maximum of 21.897 pg L' in the Tahuilla
Canal. In general, the sites sampled in winter presented a higher concentration
of herbicides and degradation products derived from triazine than the sites
sampled in summer, surpassing the individual limits (0.1 pg L") for human
consumption established by EC. This increase can be explained by the fact
that some pesticides whose formulation contains simazine, terbuthylazine and/
or atrazine are applied during the autumn or winter, coinciding with the date
of the winter period sampling. These results are consistent with those reported
by Dores, et al. [25], which showed that in the Primavera do Leste region,
Mato Grosso (central-western Brazil), there is an increase in the percentage of
pesticides detected in bodies of surface water during the rainy seasons, with
atrazine, simazine and DEA detected at the greatest concentrations. Likewise,
studies carried out in Europe [22] show that atrazine, simazine, terbuthylazine
and their degradation products are the most frequently detected compounds in
surface water in areas with intense agricultural activity.

Occurrence of fungicides in surface water of Cachapoal river basin

Unlike with pesticides, there is little research that accounts for the presence
of fungicides in bodies of surface water in agricultural zones. However, studies
carried out in Portugal, France, Germany, Australia and the United States have
detected residues of pyrimethanil, carbendazim, metalaxyl, propiconazole,
myclobutanil and tebuconazole in rivers and groundwater of basins with
intense agricultural activity [26]. In Spain, these substances have been detected
in the soil and sediments in wine-growing areas [27], as well as in bodies of
surface water in various times of the year [28].

In the present work, the most ubiquitous fungicides were pyrimethanil
and cyprodinil, which were detected in all of the samples, reaching maximum
concentrations of 0.937 pg L' and 0.644 pg L', respectively. These results
are much less than those reported by Gregoire, et al. [29], who evaluated the
presence of seventeen pesticides over four years in a wine-growing catchment
in France, detecting residues of pyrimethanil in all of the surface water samples
collected in 2005, with a maximum concentration of 1.8 pg L. Similarly,
Wightwick, et al. [30] reported the presence of fungicides in surface water
of a catchment with intense horticultural activity in southeastern Australia,
finding pyrimethanil in 16% of the analyzed samples; however, in no case was
cyprodinil detected. Herrero-Hernandez, et al. [28] detected both compounds
in three sites in La Rioja (Spain) over a year of sampling. The results show
that, while they were not the most ubiquitous compounds, both were detected
at a concentration above 0.1 pg L', with pyrimethanil reaching a maximum
0f 0.590 pg L'in September 2010 and cyprodinil a maximum of 0.981 pg L*!
in September 2011.

Of all the studied sites in this work, Las Cabras Canal presented the
greatest level of fungicide contamination at the end of the summer period and
La Cadena Creek the greatest concentration in winter. In general, the total
fungicide concentration was higher in the sites sampled at the end of summer,
with ranges between 0.090 and 1.580 pg L. This could be because spring
and summer make up the main vegetable growing season, which is the period
of greatest fungicide use. In addition, in vineyards it is common to apply
fungicides as aerosol as a preventive measure; therefore, these substances can
reach bodies of water through drift during the crop growing season, coinciding
with the sampling period at the end of summer.

Occurrence of insecticides in surface water of Cachapoal River basin

Of the insecticides assessed in this work, diazinon, which was detected
in all of the analyzed samples, was the most ubiquitous. This compound
presented a greater concentration in the winter period, while in the summer
period concentrations did not surpass the limit of quantification of the method
(except Tahuilla Canal). Chlorpyrifos was detected in only 30% of the
analyzed samples, with a maximum concentration of 0.183 pug L' at the end of
the summer. In general, the total insecticide concentration was similar in both
sampling periods, which could be due to the heterogeneity of the crops in the
basin, variation in the local topography and the physiochemical characteristics
of the studied compounds. For example, the pesticides with elevated water
solubility and a low tendency to be adsorbed in soil particles (300 < Koc <500)
have a greater potential for movement to bodies of water through leaching or
surface runoff than those that are less soluble or highly sorbed to soil (Koc >
500) [5]. In this sense, although diazinon presents a Koc similar to chlorpyrifos,
its water solubility is sixty times greater, allowing this insecticide to enter
bodies of water mostly in the dissolved phase in the winter period.

Unlike herbicides and fungicides, insecticides are usually present for a short
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time period in agriculture-affected surface water, making it crucial to perform
monitoring with greater frequency in order to detect these substances. In spite
of this limitation, studies have documented the presence of organochlorine,
carbamate and organophosphate insecticides in Mediterranean bodies of
water, noting that these compounds are generally found in low concentrations
(ng L) or detected infrequently [8, 31]. Finally, it is important to stress that
the presence of insecticides in bodies of water constitutes a high risk to the
biodiversity of these ecosystems, given that it has been demonstrated that
elevated toxicity can have adverse effects on aquatic invertebrates in a short
time period [32-33].

CONCLUSIONS

The multi-residue method based on SPE -GC-MS was used to determine
eleven pesticides and five degradation products in thirty surface water samples
from Cachapoal River basin, Central Chile. The best results were obtained
pre-concentrating 500 mL of water with Oasis HLB cartridges, and using
a sequential elution with 4 mL of acetone and 4 mL of acetonitrile. The
compounds DET, pyrimethanil, cyprodinil and diazinon were detected in
most surface water samples, with simazine and degradation product DET the
compounds that were present at the greatest concentrations. An increase in
total pesticide concentration was observed in winter period compared to the
concentration at the end of the summer, with significant differences in Tahuilla
Canal, Cadena Creek, Zamorano Creek and Claro River. The obtained results
demonstrate the vulnerability of water resources to pesticide contamination and
the need to carry out broader monitoring programs to study the presence of
these substances as well as their degradation products in surface water of this
area of Chile and propose different corrective measures as needed.
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