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Abstract
A multi-residue method for the analysis of non-polar pesticides by GC–MS/MS in water and sediment matrices has been 
successfully developed, including 33 and 27 compounds, respectively. Water analysis method is based on a classic liquid–
liquid extraction with recoveries ranging between 39 and 102%, with RSDs lower than 13%, LODs of 0.42–15.2 ng  L−1 and 
LOQs of 0.72–50.8 ng  L−1. Sediment analysis method is based on a pressurized liquid extraction with recoveries ranging 
between 37 and 133%, RSDs lower than 18%, LODs of 0.01–0.16 ng  g−1 dry weigth (dw) and LOQs of 0.02–0.54 ng  g−1 dw. 
Reported LODs were lower than the maximum acceptable detection limits set by the EU Watch Lists for selected pesticides. 
Applicability of both methodologies has been evaluated in real water and sediment samples collected in Catalonian river 
basins reporting oxadiazon for the first time in sediments from Catalonian river basins with a range of n.d. to 382 ng  g−1 
dw and a mean concentration of 44.0 ng  g−1 dw. The importance of the simultaneous evaluation of both water and sediment 
has been emphasised since ten out of the 15 detected pesticides in the sediments can pose a high risk to aquatic organisms 
according to the Risk Quotient (RQ) method. Further detailed work needs to be done to better understand and assess the 
environmental impact of pesticide-contaminated sediments on aquatic organisms.
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Introduction

Pesticides have been widely used since the mid-twentieth 
century to pest control. They present a wide range of phys-
ico-chemical diversity and can be persistent in water, accu-
mulate in sediments, and bio-accumulate in biota, which 
poses an environmental and health issue due to its potential 
toxicity on non-target organisms [1]. Polar compounds tend 
to remain in water, potentially contaminating aquifers while 
the more non-polar ones tend to adsorb in sediments, soils 
and bio-accumulate in organisms entering the food chain, 
endangering environmental and human health. Pesticides 
can cause acute and chronic effects to aquatic life among 
which are injuries, inhibition or reproductive failure, sup-
pression of the immune system, disruption of endocrine sys-
tem, cellular damage, and physical deformities [2].

Regulation of pesticides is important due to environ-
mental reasons. European Union classifies some pesticides 
within the List of Priority Substances under the water pol-
icy according to Directive 2013/39/EU [3] and the Watch 
List under the Commission Implementing Decision (EU) 
2018/840 [4]. Priority substances are those that pose a sig-
nificant risk to aquatic environment or through it. Current 
directive classifies 45 substances, 22 of which are pesti-
cides. Directive 2013/39/EU updated the environmental 
quality standards (EQS) of the priority substances in line 
with the latest scientific and technical knowledge concern-
ing the properties of those substances. EQS are limits on 
the concentration of the priority substances which must 
not be exceeded if a good chemical status is to be met 
concerning their presence in surface water. There are cur-
rently no established EQS for sediments, but the Directive 
2013/39/EU states that EU Members shall monitor these 
substances in sediments with the optimal frequency to pro-
vide sufficient data for a reliable long-term trend analysis 
and to take measures aimed at ensuring that concentrations 
of priority substances do not increase significantly in sedi-
ments. The substances listed on the Watch List are those 
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that EU has information that may pose a significant risk to 
aquatic environment or through it but monitoring data is 
insufficient to determine the risk. Moreover, a maximum 
acceptable detection limit is provided for monitoring of 
each substance. In this case, three of the eight class of 
listed substances are pesticides. Despite its regulation, pes-
ticides represent an environmental issue difficult to solve 
due to its diffuse nature of origin (mainly runoff waters); 
to the widespread use at domestic, urban and agricultural 
level; to its extensive use in developing countries; to the 
illegal sale of banned products; and to its potential toxicity 
on non-target organisms [2].

Non-polar pesticides analysis’ methods are based on 
GC–MS although, in recent years, GC–MS/MS methods 
have been developed to improve sensitivity and selectivity. 
There are several methods applied to water and sediment 
samples for specific families of pesticides. For example, Feo 
et al. [5] developed a method to analyze 12 different pyre-
throid insecticides in water and sediments. However, due to 
the high number of pesticides of interest, including a wide 
range of families, and their regulation, it is necessary the 
development of multi-residue analysis methods with higher 
sensitivity than legislated levels. There are several multi-
residue methods for pesticide analysis in water [6–25] and 
sediments/soils [6, 26–32] through GC–MS/MS.

For water matrices, there are studies that use classic liq-
uid–liquid extraction methods [6, 7], SPE [8–19] and SPME 
[20–25]. Liquid–liquid extraction methods developed by 
Mondal et al. [6] and Robles-Molina et al. [7] obtained good 
recovery percentages (70–120%), RSDs lower than 20% 
and LOQs between 0.03 and 80 ng  L−1 using as extracting 
solvents a mixture of ethyl acetate (EtAc)/dichloromethane 
(DCM) (8:2) and n-hexane, respectively. Regarding SPE, 
those methods using cartridges of HLB [8–14] and C18 
[15–19] stand out. SPE methods with HLB cartridges [8–11] 
obtain recoveries between 60 and 120%, RSDs lower than 
20% and LOQs that range between 10 and 500 ng  L−1. On 
the other hand, methods that use C18 cartridges [15–19] 
obtain recoveries between 65 and 120%, RSDs lower than 
35.4% and LOQs between 3 and 80,000 ng  L−1. SPME meth-
ods generally use PDMS fibers. These methods [20–25] 
obtain recoveries ranging between 70 and 120%, RSDs lower 
than 34% and LOQs between 2 and 500 ng  L−1. Therefore, 
currently available methods offer LOQs between 0.03 and 
80,000 ng  L−1. In general, LODs reported in the literature 
are lower than established EQS of priority substances except 
for pesticides, such as dicofol, cypermethrin, dichlorvos, 
and heptachlor epoxide. However, selected pesticides of the 
Watch Lists (methiocarb, oxadiazon, and triallate) are not 
included in most published methods including, to the best of 
the authors knowledge, only methiocarb in two methods [11, 
17], but with LODs higher than the maximum acceptable 
detection limit of the EU Watch list of 2018.

For sediment and soil matrices, there are several pub-
lished studies that use, in general, pressurized liquid extrac-
tion (PLE) [26, 27], QuEChERS (Quick, Easy, Cheap, Effec-
tive, Rugged, and Safe) [6, 28–31], and ultrasound extraction 
[32]. Zhang et al. [32] developed a method using ultrasound 
extraction with a mixture of hexane/DCM (1:1) followed 
by a clean-up step using Florisil (FL) cartridges. Obtained 
recoveries ranged between 70 and 130% with RSDs lower 
than 20% and LODs between 0.1 and 57.1 pg  g−1 dry weight 
(dw). PLE methods used different extracting solvents, such 
as DCM [26] or methanol [27]. Recoveries ranged between 
63 and 119% with RSDs lower than 35% and LODs lower 
than 1 ng  g−1 dw. Regarding QuEChERS, recoveries ranged 
between 65 and 120% with RSDs lower than 28%. LODs 
and LOQs are quite variable and range between 4.9 and 
21.7 ng  g−1 dw [28], and between 5 and 10 ng  g−1 dw [29]. 
Fernandes et al. [30] obtained LODs lower than 7.6 ng  g−1 
dw while Yu et al. [31] obtained LOQs between 0.1 and 
5 ng  g−1 dw. However, some pesticides of recent interest, 
such as those included in the Watch List, are not included.

The objective of the present work was to develop ana-
lytical methodologies for the analysis of 38 non-polar pes-
ticides, chosen based on the priority substances and Watch 
Lists, in water and sediment samples. Selected analytes 
belong to different classes and applications, with molecu-
lar weights ranging between 201.7 and 545.5 g  mol−1, and 
Log  KOW values between 1.90 and 6.80 (Table 1). Moreover, 
another objective of our study was to obtain lower LODs 
and LOQs than those previously reported and lower than 
the maximum acceptable detection limits of the Watch List 
pesticides and priority substances’ EQS (Table S1).

Materials and Methods

Standards and Solvents

Native standards of 2,4′-DDD, 4,4′-DDD, 2,4′-DDE, 4,4′-
DDE, 2,4′-DDT, 4,4′-DDT, cyhalothrin, bifenthrin, and per-
methrin were purchased from Dr. Ehrenstorfer (Augsburg, 
Germany). Trifluralin, methiocarb, fenitrothion, chlorpyri-
fos, fenthion, dicofol, pendimethalin, oxadiazon, oxyfluor-
fen, quinoxyfen, diflufenican, cypermethrin, isoproturon, 
dichlorvos, simazine, diazinon, triallate, propanil, terbutryn, 
malathion, triadimefon, chlorfenvinphos, cyproconazole, 
hexachlorobenzene, lindane, endosulfan, and mirex were 
purchase from Sigma-Aldrich (Steinheim, Germany). Hep-
tachlor epoxide and bifenox were purchased from LGC 
standards (Teddington, Middlesex, UK).

Internal standards of  d14-trifluralin,  d10-chlorpyrifos, 
phenoxy-d5-cyhalothrin,  d10-simazine,  d10-diazinon, 
s-methyl-d3-terbuthryn, diethyl-d10-malathion, 13C6-hexa-
chlorobenzene, and phenoxy-d5-fenvalerate were purchased 
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Table 1  Chemical name, CAS, molecular weight, Log  Kow, molecular formula, application, and class of selected analytes

a Data extracted from The PPDB, pesticide properties database. https:// sitem. herts. ac. uk/ aeru/ ppdb/ en/ search. htm
b Selected acaricides are also insecticides except Dicofol
c Included into the Priority substances list in the field of Water policy under Directive 2013/39/EU
d. Included into the Watch List of substances under Commission Implementing Decision (EU) 2015/495 and removed later by Commission 
Implementing Decision (EU) 2018/840
e Included into the Watch List of substances under Commission Implementing Decision (EU) 2018/840
f Data extracted from ChemSpider. http:// www. chems pider. com/
g Data estimated using the US Environmental Protection Agency EPISuite™. http:// www. chems pider. com/

Applicationa Classa Name CAS Molecular 
 weighta

Log  Kow
a Molecular  formulaa

Acaricidesb Organochlorine Endosulfanc 115-29-7 406.9 4.75 C9H6Cl6O3S
Dicofolc 115-32-2 370.5 4.30 C14H9Cl5O
Lindanec 58-89-9 290.8 3.50 C6H6Cl6

Organophosphate Chlorfenvinphosc 470-90-6 359.6 3.80 C12H14Cl3O4P
Diazinon 333-41-5 304.4 3.69 C12H21N2O3PS
Malathion 121-75-5 330.4 2.75 C10H19O6PS2

Dichlorvosc 62-73-7 221.0 1.90 C4H7Cl2O4P
Pyrethroid Bifenthrin 82,657-04-3 422.9 6.60 C23H22ClF3O2

Fungicides Azole Triadimefon 43,121-43-3 293.8 3.18 C14H16ClN3O2

Cyproconazole 94,361-06-5 291.8 3.09 C15H18ClN3O
Organochlorine Hexachlorobenzenec 118-74-1 284.8 3.93 C6Cl6
Quinoline Quinoxyfenc 124,495-18-7 308.1 5.10 C15H8Cl2FNO

Herbicides Amide Diflufenican 83,164-33-4 394.3 4.20 C19H11F5N2O2

Propanil 709-98-8 218.1 2.29 C9H9Cl2NO
Carbamate Triallated 2303-17-5 304.7 4.06 C10H16Cl3NOS
Diphenyl ether Bifenoxc 42,576-02-3 342.1 3.64 C14H9Cl2NO5

Oxyfluorfen 42,874-03-3 361.7 4.86 C15H11ClF3NO4

Urea Isoproturonc 34,123-59-6 206.3 2.50 C12H18N2O
Nitroaniline Pendimethalin 40,487-42-1 281.3 5.40 C13H19N3O4

Trifluralinec 1582-09-08 335.3 5.27 C13H16F3N3O4

Oxidiazole Oxadiazond 19,666-30-9 345.2 5.33 C15H18Cl2N2O3

Triazine Terbutrync 886-50-0 241.4 3.66 C10H19N5S
Simazinec 122-34-9 201.7 2.30 C7H12ClN5

Insecticides Carbamate Methiocarbe 2032-65-7 225.3 3.18 C11H15NO2S
Organochlorine Mirex 2385-85-5 545.5 5.28 C10Cl12

2,4′-DDEf 3424-82-6 318.0 6.00 g C14H8Cl4

4,4′-DDEf 72-55-9 318.0 6.00 g C14H8Cl4
2,4′-DDTf 789-02-6 354.5 6.79 g C14H9Cl5
4,4′-DDTf 50-29-3 354.5 6.79 g C14H9Cl5
2,4′-DDDf 53-19-0 320.0 5.87 g C14H10Cl4

4,4′-DDDf 72-54-8 320.0 5.87 g C14H10Cl4

Heptachlor  epoxidec 1024-57-3 389.3 4.98 C10H5Cl7O
Organophosphate Chlorpyrifosc 2921-88-2 350.6 4.70 C9H11Cl3NO3PS

Fenitrothionc 122-14-5 277.2 3.32 C9H12NO5PS
Fenthion 55-38-9 278.3 4.84 C10H15O3PS2

Pyrethroid Cyhalothrin 68,085-85-8 449.9 6.80 C23H19ClF3NO3

Cypermethrinc 52,315-07-8 416.3 5.55 C22H19Cl2NO3

Permethrin 52,645-53-1 391.3 6.10 C21H20Cl2O3

https://sitem.herts.ac.uk/aeru/ppdb/en/search.htm
http://www.chemspider.com/
http://www.chemspider.com/
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from Sigma-Aldrich (Steinheim, Germany).  d3-bifenox, 
 d10-chlorfenvinphos,  d7-oxadiazon,  d6-dichlorvos, 
 d6-permethrin,  d6-fenitrothion, and  d6-fenthion were pur-
chased from LGC standards (Teddington, Middlesex, UK). 
 d4-endosulfan was purchased from Cambridge Isotope Labo-
ratories Inc. (Andover, Massachusetts, EEUU).

EtAc, acetone, water, DCM, hexane, and methanol sol-
vents were purchased form J. T. Baker (Waltham, Massachu-
setts, EEUU). Chloroform was purchased from Carlo Erba 
(Val De Reuil, Eure, France). All solvents were purchased 
for organic trace analysis.

All standard solutions were prepared at a concentration 
of 100 ng μL−1 with EtAc by weight or dilution. A solution 
mixture of all standard solutions was prepared at a concen-
tration of 10 ng μL−1 and working solutions were prepared 
by dilution of the later.

Sample Collection

To evaluate the applicability of the developed methods to 
real samples, pesticide levels were determined in sediment 
and water samples from Catalonian river basins collected 
during pesticide application seasons, between February and 
June 2017.

Water and sediment samples were taken at the center 
bottom of the channel with a water sampler and a dredger, 
respectively. Water samples were collected in amber bottles 
of polyethylene terephthalate (PET) and were kept at 4 °C 
until they reached the laboratory where they were stored 
at − 20 °C until analysis was performed. Sediment sam-
ples were collected in aluminum trays and were kept at 4 °C 
until they reached the laboratory where they were frozen 
and lyophilized to eliminate the water content. Once lyo-
philized, they were sieved (125 μm) and stored at − 20 °C 
until analysis.

Sample Preparation

Different recovery experiments were planned testing differ-
ent extraction methods. Extraction solvents were targeted for 
optimization since they heavily influence analyte recoveries. 
Therefore, different solvent mixtures were chosen to cover a 
wider range of polarities within extraction.

Following this criterion, SPE, ultrasound-assisted emulsi-
fication extraction (UAEE), and classic liquid–liquid extrac-
tion were chosen for water matrix. UAEE was carried out 
as described by Feo et al. [5] testing chloroform and a mix-
ture of EtAc/chloroform (1:1) as extracting solvents. SPE 
methods were carried out with 100 mL of sample and C18 
cartridges testing hexane, EtAc, and a mixture of EtAc/chlo-
roform (1:1) as extracting solvents. Liquid–liquid extrac-
tion was carried out with 50 mL of sample testing chloro-
form and a mixture of EtAc/chloroform (1:1) as extracting 

solvents. On the other hand, PLE and ultrasound extraction 
were chosen for sediment matrix. Ultrasound extraction was 
carried out as described by Feo et al. [5] testing different 
solvents, such as chloroform and a mixture of EtAc/chloro-
form (1:1). PLE extraction was carried out as described by 
Barón et al. [33] testing two common adsorbents of alumina 
and FL. All recovery assays were performed on spiked water 
and sediments with 10 ng of native standards and 15 ng of 
IS. Native standards were added before extraction while IS 
were added before GC–MS/MS injection. Methods were 
evaluated by recovery and RSD and, considering obtained 
results, the following methods were established as optimal.

Water Samples

A 50 mL of sample was spiked with 15 ng of IS and left 
2 h at laboratory temperature. Extraction was carried out 
by classic liquid–liquid extraction with 25 mL of a mixture 
of EtAc/chloroform (1:1). Extraction step is repeated twice. 
Obtained extracts were pooled and evaporated under nitro-
gen steam until dryness. Extracts were then reconstituted 
with 50 µL of EtAc.

Sediment Samples

A 1 g of sample was mixed with 2 g of copper and left 
spiked with 15 ng of IS refrigerated overnight. Extraction 
was carried out by PLE extraction. Extraction cell was filled 
with 6 g of FL, mixed sample with 2 g of FL, and hydroma-
trix. Extraction was performed on two cycles of 10 min at 
100 °C of temperature and 1650 psi of pressure with a mix-
ture of hexane/DCM (1:1). Extracts were then evaporated 
until dryness and reconstituted with 50 µL of EtAc.

Instrumental Conditions

GC–MS/MS analysis was performed on a 7890B GC cou-
pled to a 7000C triple quadrupole (Agilent Technologies, 
Santa Clara, CA, USA). For chromatographic separation, 
a DB-5MS (30 m × 250 µm × 0.25 µm) column was used. 
Helium at a flow of 1 mL  min−1 was used as a gas carrier. 
Volume of injection was 2 μL on splitless mode. Injector 
temperature was 280 °C with a chromatographic ramp as fol-
lows: 80 °C initial (held 2 min) until 180 °C at 25 °C  min−1 
(held 6 min), 240 °C at a 5 °C  min−1 (held 5 min), 280 °C 
at 10 °C  min−1 (held 5 min) until 325 °C at a 30 °C  min−1 
(held 2 min). Total instrumental analysis time was 41.5 min.

Mass detection was carried out with MS/MS working 
on electron ionization (EI) mode with a collision energy of 
70 eV. Ion source and transfer line temperature were 280 
and 300 °C, respectively. Confirmation and quantification 
transitions have been monitored for every analyte and IS.
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Analytical Parameters

Linearity was determined by a six-point calibration curve 
including all the analytes, with concentrations ranging from 
0.01 to 2 ng μL−1 with IS at a concentration of 0.3 ng μL−1. 
Reproducibility was measured by RSD of five consecutive 
injections (intra-day) and five different days (inter-day). 
Instrumental detection limits (IDLs) and instrumental quan-
tification limits (IQLs) were determined for each compound 
as the minimum amount of analyte that gave S/N of 3 and 
10, respectively. Recovery and reproducibility were meas-
ured on spiked samples at 200 ng  L−1 and 10 ng  g−1 for 
water and sediments, respectively. Recovery was evaluated 
as the percentage ratio of the experimentally obtained con-
centration of analyte and the spiked concentration of analyte. 
Reproducibility was evaluated as the %RSD of four repli-
cates for each matrix. LODs and LOQs were calculated for 
water and sediment samples with the same method used to 
calculate IDLs and IQLs.

Results and Discussion

Optimization of Extraction

For water matrices, classic liquid–liquid extraction using a 
mixture of EtAc/chloroform (1:1) as extracting solvent was 
chosen as the optimal method of extraction since obtained 
recoveries and RSD percentages were the best (see Support-
ing Information, Table S2). Ultrasound extraction results 
showed that, when using chloroform as extracting solvent, 
one analyte was lost and 13 had recoveries below 50%. 
Results got worse when the EtAc/chloroform (1:1) mix-
ture was used since three analytes were completely lost and 
31 had recoveries lower than 50%. SPE extraction results 
showed that, when using the mixture of EtAc/chloroform 
(1:1) as eluent, four analytes were lost and 20 had recov-
eries below 50%. Results got worse when using EtAc and 
hexane as eluents since 22 compounds were completely lost 
for hexane and seven were lost with 19 compounds having 
recoveries below 50% when using EtAc. Classic liquid–liq-
uid extraction results showed that, when using chloroform 
as extracting solvent, 16 analytes had recoveries below 50% 
while using an EtAc/chloroform (1:1) mixture only seven 
compounds had recoveries below 50%. Taking as a qual-
ity criterion when working with isotopic dilution methods, 
a minimum recovery of 40%, our methodology for water 
would then be applicable to 33 selected analytes. However, 
there would be five compounds for which our methodology 
could not be applied. These are: mirex (18.8% of recovery), 
hexachlorobenzene (24.5% of recovery), endosulfan (24.9% 
of recovery), bifenox (25.6% of recovery), and lindane 
(26.2% of recovery).

For sediment matrices, PLE using FL as adsorbent was 
chosen as the optimal method of extraction since obtained 
recoveries and RSD percentages were the best (see Support-
ing Information, Table S3). Ultrasound extraction results 
showed that one of the analytes was lost with 19 compounds 
having recoveries below 50% when using chloroform as 
extracting solvent. Results got worse when a mixture of 
EtAc/chloroform (1:1) was used since all had recoveries 
lower than 50% except oxyfluorfen with 52%. On the other 
hand, PLE extraction results showed that, when using alu-
mina as an adsorbent, seven compounds were completely 
lost while ten had less than 50% of recovery. Results got bet-
ter when using FL as adsorbent since only four compounds 
were lost (dichlorvos, triallate, terbutryn, and cyprocona-
zole) and 11 had recoveries below 50%. Following the same 
quality criteria as above, discarding analytes with recoveries 
below 40%, our methodology will be applicable to 27 ana-
lytes. The four lost compounds will be discarded as well as 
triadimefon (3.8% of recovery), chlorfenvinphos (3.9% of 
recovery), isoproturon (19.1% of recovery), simazine (19.2% 
of recovery), diazinon (24.4% of recovery), propanil (25.4% 
of recovery), and malathion (27.9% of recovery).

As expected, for water sample methodology, we had prob-
lems with high Log KOW compounds (discarded analytes 
presented values between 3.50 and 5.28). However, in the 
case of sediments, recovery problems have been found with 
lower Log KOW analytes (discarded compounds presented 
values between 1.90 and 4.06) (see Table 1).

GC–MS/MS Conditions

Several MS parameters were optimized to maximize the 
signal. Product ion scans were performed for all analytes to 
achieve the transitions with maximum signal. As EI mass 
spectra presented a lot of fragmentation since EI is a hard 
ionization technique, most of selected precursor ions are 
fragments due to the loss or low signal of the molecular ion. 
Selected transitions for each analyte with identification of 
each fragment are presented in Table 2. Every analyte has 
its own distinctive fragments originated by the rupture of 
the molecule. The most recurrent observed ruptures are the 
loss of Cl [M-35] (heptachlor epoxide, hexachlorobenzene, 
dicofol, endosulfan, DDTs, DDEs, DDDs, mirex, oxadiazon, 
triallate, chlorpyrifos, and propanil),  C2H4 [M-28] (simazine 
and chlorpyrifos), and  C2H5 [M-29] (pendimethalin and tri-
fluralin). Regarding DDTs and DDDs, obtained fragments 
are the same but originated differently. For DDTs, precursor 
ion is generated due to the loss of  CCl3 [M-119] and their 
product ions correspond to a successive loss of chlorine. On 
the other hand, DDDs precursor ion is generated due to the 
loss of  CHCl2 [M-85] and their product ions correspond to 
a successive loss of chlorine.
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Collision energy was optimized to obtain the product 
ions with the highest intensity at the highest possible 
mass to minimize interference while avoiding disappear-
ance of the precursor ion. The optimal transitions and 
collision energies for all selected pesticides are reported 
in Table 3. Instrumental method was successfully devel-
oped with the elution of all analytes before minute 35 and 
good linearity, sensitivity, intra- and inter-day variations 

(Table 3). Correlation coefficients ranged between 0.9859 
and 0.9999 within the studied concentration range of 
0.01–2 ng μL−1. IDLs and IQLs ranged between 0.01 and 
2.68 injected pg and between 0.03 and 8.93 injected pg, 
respectively. As expected, inter-day variation was higher 
than intra-day variation with RSD percentages between 
0.7 and 8.4% and between 2.0 and 10%, respectively.

Table 2  Mass and chemical formula for each pesticide and their m/z and chemical formula of their precursor and product ions

Compound Mass Formula Precursor ion Product ion 1 Product ion 2

m/z Formula m/z Formula m/z Formula

Isoproturon 206.3 C12H18N2O 146 C9H8NO+ 128 C9H6N+ 91 C7H7
+

Dichlorvos 221.0 C4H7Cl2O4P 109 C2H6O3P+ 79 CH4O2P+ 47 PO+

Methiocarb 225.3 C11H15NO2S 168 C9H12OS+ 153 C8H9OS+ 109 C7H7O+

Trifluralin 335.3 C13H16F3N3O4 306 C11H11F3N3O4
+ 264 C8H5F3N3O4

+ 43 C3H7
+

Hexachlorobenzene 284.8 C6Cl6 284 C6Cl6+ 249 C6Cl5+ 214 C6Cl4+

Simazine 201.7 C7H12ClN5 201 C7H12ClN5
+ 173 C5H8ClN5

+ 44 C2H6N+

Lindane 290.8 C6H6Cl6 181 C6H4Cl3+ 145 C6H3Cl2+ 109 C6H3Cl+

Diazinon 304.4 C12H21N2O3PS 179 C10H15N2O+ 121 C6H8N2O+ 137 C7H9N2O+

Triallate 304.7 C10H16Cl3NOS 268 C10H16Cl2NOS+ 226 C7H9Cl2NOS+ 184 C4H4Cl2NOS+

Propanil 218.1 C9H9Cl2NO 161 C6H5Cl2N+ 99 C5H4Cl+ 63 C5H3
+

Terbutryn 241.4 C10H19N5S 185 C6H11N5S+ 170 C5H8N5S+ 68 C2H2N3
+

Fenitrothion 277.2 C9H12NO5PS 277 C9H12NO5PS+ 260 C9H11NO4PS+ 109 C2H6O3P+

Malathion 330.4 C10H19O6PS2 173 C8H13O4
+ 99 C4H3O3

+ 117 C4H5O4
+

Chlorpyrifos 350.6 C9H11Cl3NO3PS 314 C9H11Cl2NO3PS+ 286 C7H7Cl2NO3PS+ 258 C5H3Cl2NO3PS+

Fenthion 278.3 C10H15O3PS2 278 C10H15O3PS2
+ 169 C8H9S2

+ 109 C2H6O3P+

Triadimefon 293.8 C14H16ClN3O2 208 C9H7ClN3O+ 181 C8H6ClN2O+ 75 C6H3
+

Dicofol 370.5 C14H9Cl5O 139 C7H4ClO+ 111 C6H4Cl+ 75 C6H3
+

Pendimethalin 281.3 C13H19N3O4 252 C11H14N3O4
+ 191 C8H7N2O4

+ 162 C6HN2O4
+

Heptachlor epoxide 389.3 C10H5Cl7O 353 C10H5Cl6O+ 263 C7H2Cl5+ 217 C9H4Cl2+

Chlorfenvinphos 359.6 C12H14Cl3O4P 267 C8H6O4Cl2P+ 159 C7H5Cl2+ 81 H2O3P+

2,4-DDE 318.0 C14H8Cl4 246 C14H8Cl2+ 211 C14H8Cl+ 176 C14H8
+

4,4-DDE 318.0 C14H8Cl4 246 C14H8Cl2+ 211 C14H8Cl+ 176 C14H8
+

Endosulfan 406.9 C9H6Cl6O3S 339 C9H5Cl5SO+ 195 C7H4Cl3+ 159 C7H4Cl2+

Oxadiazon 345.2 C15H18Cl2N2O3 175 C6H3Cl2NO+ 112 C6H5Cl+ 76 C6H4
+

Oxyfluorfen 361.7 C15H11ClF3NO4 252 C13H7O2F3
+ 224 C11H3O2F3

+ 117 C7H3ClF3
+

2,4-DDD 320.0 C14H10Cl4 235 C13H9Cl2+ 199 C13H9Cl+ 165 C13H9
+

4,4-DDD 320.0 C14H10Cl4 235 C13H9Cl2+ 199 C13H9Cl+ 165 C13H9
+

2,4-DDT 354.5 C14H9Cl5 235 C13H9Cl2+ 199 C13H9Cl+ 165 C13H9
+

4,4-DDT 354.5 C14H9Cl5 235 C13H9Cl2+ 199 C13H9Cl+ 165 C13H9
+

Cyproconazole 291.8 C15H18ClN3O 222 C10H9N3OCl+ 125 C7H6Cl+ 82 C3H4N3
+

Quinoxyfen 308.1 C15H8Cl2FNO 237 C15H8FNO+ 208 C13H3FNO+ 181 C11H3FNO+

Bifenthrin 422.9 C23H22ClF3O2 181 C14H13
+ 166 C13H10

+ 165 C13H9
+

Diflufenican 394.3 C19H11F5N2O2 266 C13H7F3NO2
+ 218 C12H7NF2O+ 183 C12H9NO+

Bifenox 342.1 C14H9Cl2NO5 341 C14H9Cl2NO5
+ 311 C13H6Cl2NO4

+ 189 C8H6Cl2O+

Mirex 545.5 C10Cl12 272 C5Cl6+ 237 C5Cl5+ 235 C5Cl5+

Cyhalothrin 449.9 C23H19ClF3NO3 181 C13H9O+ 152 C11H4O+ 77 C6H5
+

Permethrin 391.3 C21H20Cl2O3 163 C7H9Cl2+ 127 C7H10O2
+ 91 C7H7

+

Cypermethrin 416.3 C22H19Cl2NO3 163 C7H9Cl2+ 127 C7H10O2
+ 91 C7H7

+
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Table 3  Retention time, precursor ion, product ions, collision energies, correlation coefficients, instrumental detection and quantification limits 
and reproducibility (RSD, %) for intra- and inter-day

Compounda tR  
(min)

Precursor MS1 CE1  
(eV)

MS2 CE2  
(eV)

R2 IDL  
(pg)

IQL  
(pg)

Intra-day 
(% RSD)

Inter-day 
(% RSD)

Analytes
 Isoproturon 5.7 146 128 5 91 20 0.9965 0.02 0.05 1.9 3.1
 Dichlorvos 5.8 109 79 5 47 40 0.9999 0.24 0.79 1.8 2.9
 Methiocarb 8.2 168 153 10 109 20 0.9977 0.29 0.80 2.1 5.8
 Trifluralin 9.5 306 264 5 43 20 0.9962 0.15 0.50 1.5 2.6
 Hexachlorobenzene 10.5 284 249 20 214 40 0.9996 0.04 0.12 3.0 5.4
 Simazine 11.0 201 173 5 44 10 0.9998 0.25 0.82 0.9 2.8
 Lindane 11.6 181 145 10 109 20 0.9998 0.09 0.29 2.3 3.4
 Diazinon 12.0 179 121 40 137 20 0.9993 0.20 0.65 1.8 2.5
 Triallate 12.9 268 226 5 184 20 0.9990 0.16 0.53 5.0 6.3
 Propanil 13.9 161 99 20 63 40 0.9983 0.44 1.46 5.2 7.6
 Terbutryn 15.5 185 170 5 68 40 0.9998 0.15 0.50 1.8 3.9
 Fenitrothion 15.5 277 260 10 109 20 0.9995 0.21 0.66 2.4 6.1
 Malathion 16.0 173 117 5 99 10 0.9974 0.33 1.11 1.3 3.2
 Chlorpyrifos 16.3 314 286 10 258 40 0.9999 0.12 0.41 5.2 7.8
 Fenthion 16.5 278 169 10 109 20 0.9995 0.11 0.37 1.9 4.3
 Triadimefon 16.8 208 181 5 75 40 0.9979 0.11 0.36 6.8 7.9
 Dicofol 16.9 139 111 20 75 20 0.9998 0.24 0.80 1.2 2.9
 Pendimethalin 17.7 252 191 5 162 5 0.9940 0.02 0.07 2.7 4.5
 Heptachlor epoxide 18.0 353 263 10 217 40 0.9989 0.30 1.01 0.8 2.0
 Chlorfenvinphos 18.2 267 159 10 81 40 0.9996 0.03 0.11 3.5 5.9
 2,4′-DDE 19.2 246 211 20 176 40 0.9982 0.17 0.55 8.4 10
 4,4′-DDE 20.6 246 211 20 176 40 0.9996 0.09 0.30 0.7 2.2
 Endosulfan 19.5 339 195 20 159 40 0.9992 0.11 0.40 1.6 3.3
 Oxadiazon 20.7 175 112 10 76 40 0.9990 0.01 0.03 2.1 4.6
 Oxyfluorfen 20.9 252 224 10 177 40 0.9859 2.68 8.93 4.5 6.9
 2,4′-DDD 20.8 235 199 20 165 20 0.9999 0.03 0.09 1.7 3.5
 Cyproconazole 21.4 222 125 20 82 10 0.9960 0.03 0.08 4.0 7.6
 4,4′-DDD 22.3 235 199 20 165 20 0.9996 0.03 0.09 1.8 3.4
 2,4′-DDT 22.3 235 199 20 165 20 0.9940 0.03 0.09 1.8 3.9
 4,4′-DDT 23.7 235 199 20 165 20 0.9959 0.45 1.48 3.5 6.7
 Quinoxyfen 23.5 237 208 40 181 40 0.9993 0.03 0.09 0.9 3.1
 Bifenthrin 24.4 181 166 10 165 10 0.9930 0.62 2.08 – –
 Diflufenican 24.6 266 218 20 183 20 0.9958 0.06 0.18 3.2 5.6
 Bifenox 26.7 341 311 5 189 5 0.9886 2.39 7.96 3.7 5.7
 Mirex 28.5 272 237 20 235 20 0.9998 0.02 0.08 2.2 4.3
 Cyhalothrin 29.1 181 152 20 77 40 0.9989 0.56 1.86 1.9 4.6
 Permethrin 29.6 163 127 10 91 10 0.9994 0.76 2.52 – –
 Cypermethrin 33.0 163 127 5 91 5 0.9942 0.01 0.04 0.7 2.7

Internal standards
  d6-dichlorvos 5.8 226 115 20 191 5
 d14-trifluralin 9.4 315 163 20 267 5
 13C6-hexachlorobenzene 10.5 290 220 40 255 10
  d10-simazine 10.8 211 179 5 144 20
  d10-diazinon 11.9 314 183 10 199 5
  d6-fenitrothion 15.4 283 266 5 115 10
 s-methyl-d3-terbuthryn 15.5 188 170 5 112 20
 diethyl-d10-malathion 15.8 183 132 5 100 10
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QA of Developed Methods

Optimized methods include 33 and 27 compounds for water 
and sediment samples, respectively. Obtained recoveries 
ranged between 39 and 102% for water and between 37 and 
133% for sediments (Table 4).

Reproducibility of the method has been shown to be satis-
factory with RSDs lower than 13% for water and lower than 
18% for sediments (except for methiocarb, with a value of 
28%). On the other hand, good LODs and LOQs have been 
obtained. For water, LODs and LOQs range between 0.42 
and 15.2 and between 0.72 and 50.8 ng  L−1, respectively. 
LODs and LOQs for sediments range between 0.01 and 0.16 
and between 0.02 and 0.54 ng  g−1 dw, respectively.

If we compare obtained LOQs in our method for water 
matrices with other published data in the literature, we can 
observe similarities with those obtained by Mondal et al. 
[6] and Robles-Molina et al. [7] with ranges between 0.03 
and 80 ng  L−1 whom also used classic liquid–liquid extrac-
tion. Moreover, our values were 10 times more sensitive in 
comparison with other published LOQs from SPE extraction 
methods [8–11] ranging between 10 and 500 ng  L−1.

He and Aga [12] analyzed endocrine disrupting chemi-
cals, including pesticides, in water samples through GC–MS/
MS and LC–MS/MS with SPE (HLB) reporting LODs 
between 0.4 and 4.5 ng  L−1 for a selection of pesticides 
through GC–MS/MS. Reported LODs are lower than our 
method. However, only four compounds are also included 
in our method. Reported values were 2.1, 2.9, 1.8, and 0.4 
for simazine, dichlorvos, diaiznon, and chlorpyrifos, respec-
tively. Comparing with our reported values of 2.98, 7.30, 
0.54, and 1.01 ng  L−1, only for diazinon our LOD was better.

Cruzeiro et al. [13] analyzed 54 pesticides in surface 
waters through GC–MS/MS with SPE (HLB) considering 
their content in both dissolved aqueous phase (DAP) and 
suspended particulate matter (SPM) fractions. Reported 
recoveries were above 71% and LODs ranging between 0.4 

and 1.3 ng  L−1 for DAP. Reported LODs are lower than 
our method. However, no individual datum was provided 
for each pesticide and EU Watch List’ pesticides, such as 
methiocarb, triallate, and oxadiazon, are not included in the 
method.

Zhang et al. [14] analyzed 450 pesticides in precipita-
tion through GC–MS/MS with SPE (HLB). However, no 
comparison could be achieved with our method since nei-
ther recoveries nor detection limits were reported since 
their main focus was occurrence and distribution of pes-
ticides in precipitation and did not focused on analytical 
concentrations.

Regarding SPME extraction methods [20–25], obtained 
LOQs were higher than those obtained with our method 
since published LOQs ranged between 2 and 500 ng  L−1.

Despite LLE poses a limitation when analyzing a large 
number of samples, LLE was the method that produced the 
best results in terms of recovery and reproducibility. Moreo-
ver, LODs lower than the maximum acceptable detection 
limits set by the EU Watch List in 2018 (Table S1) have 
been obtained for methiocarb with a value of 0.81 ng  L−1. 
Despite the recent removal of oxadiazon and triallate from 
the EU Watch List in 2018, obtained LODs of 0.23 and 
2.12 ng  L−1 were lower than the maximum acceptable detec-
tion limits set by the EU Watch List in 2015 with values of 
88 and 670 ng  L−1, respectively. In general, obtained LODs 
were lower than established EQS of surface waters set by 
the Directive 2013/39/EU (Table S1) with the exception of 
some compounds, such as dicofol, cypermethrin, dichlorvos, 
and heptachlor epoxide, as previously reported methods in 
the literature.

Regarding sediments, published methods using PLE [26, 
27] obtained LODs lower than 1 ng  g−1 while our values 
were ten times lower. Regarding QuEChERS methods, sen-
sitivity is much lower than ours with LODs values of up 
to 10 ng  g−1 dw [28, 29]. However, there are other param-
eters that might affect the LODs and LOQs values, such as 

Table 3  (continued)

Compounda tR  
(min)

Precursor MS1 CE1  
(eV)

MS2 CE2  
(eV)

R2 IDL  
(pg)

IQL  
(pg)

Intra-day 
(% RSD)

Inter-day 
(% RSD)

  d10-chlorpyrifos 16.1 324 260 10 292 10
  d6-fenthion 16.4 284 115 20 131 20
  d10-chlorfenvinphos 18.0 333 269 20 160 40
  d4-endosulfan 19.5 343 271 10 198 10
  d7-oxadiazon 20.6 351 176 20 259 10
  d3-bifenox 26.6 344 314 10 192 20
 phenoxy-d5-cyhalothrin 29.1 185 156 20 131 20
  d6-permethrin 29.5 169 133 10 97 10
 phenoxy-d5-fenvalerate 35.2 424 230 5 167 10

a Dwell time for all compounds was 20 ms
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volume of sample, extracting solvents, clean-up, etc., since 
all variability cannot be attributed to one factor.

Applicability to Real Samples

To demonstrate the applicability of our developed methodol-
ogies, both methods were applied to the analysis of ten water 

and ten sediment samples collected in different Catalonian 
river basins. Results are shown in Figs. 1 and 2 (detailed 
results are summarized in Table S4).

Twenty-six of the 38 analyzed pesticides have been 
detected. Among the no-detected ones were dichlorvos, lin-
dane, propanil, heptachlor epoxide, endosulfan, cyprocona-
zole, quinoxyfen, bifenthrin, bifenox, mirex, cyhalothrin, 

Table 4  Recoveries, RSDs, LODs, and LOQs for water and sediment matrices of each pesticide

Compound Water Sediment

Recovery  
(%)

RSD  
(%)

LOD  
(ng  L−1)

LOQ  
(ng  L−1)

Recovery  
(%)

RSD  
(%)

LOD  
(ng  g−1 
dw)

LOQ 
(ng  g−1 
dw)

Isoproturon 70.0 8.1 4.84 16.1 19.1 18 – –
Dichlorvos 52.0 4.4 7.30 24.2 0 0 – –
Methiocarb 76.8 4.0 0.81 2.61 56.9 28 0.04 0.13
Trifluralin 74.6 4.6 15.2 50.8 46.5 12 0.11 0.35
Hexachlorobenzene 24.5 4.1 – – 39.4 14 0.01 0.02
Simazine 96.8 3.6 2.98 9.60 19.2 3.8 – –
Lindane 26.2 4.6 – – 74.1 5.8 0.02 0.07
Diazinon 60.0 9.9 0.54 1.73 24.4 8.8 – –
Triallate 59.5 8.1 2.12 7.02 0 0 – –
Propanil 92.1 1.6 1.53 5.12 25.4 15 – –
Terbutryn 94.7 2.1 2.32 7.74 0 0 – –
Fenitrothion 102 3.3 3.03 10.1 36.9 13 0.03 0.11
Malathion 80.2 5.6 0.42 1.23 27.9 4.2 – –
Chlorpyrifos 66.9 6.6 1.01 3.21 37.2 1.4 0.02 0.05
Fenthion 98.2 6.0 1.50 4.94 63.5 9.9 0.04 0.13
Triadimefon 85.4 7.7 1.22 4.01 3.8 89 – –
Dicofol 81.2 6.3 2.21 7.34 85.9 18 0.05 0.17
Pendimethalin 81.7 4.7 0.62 2.03 77.9 13 0.03 0.10
Heptachlor epoxide 48.7 8.1 0.53 1.61 63.0 13 0.01 0.04
Chlorfenvinphos 70.1 4.6 2.61 8.73 3.9 173 – –
2,4′-DDE 38.9 13 1.24 4.02 53.3 13 0.05 0.17
4,4′-DDE 60.7 7.3 1.60 5.32 76.7 14 0.06 0.20
Endosulfan 24.9 5.2 – – 96.5 13 0.08 0.26
Oxadiazon 90.0 5.4 0.23 0.72 103 12 0.03 0.09
Oxyfluorfen 97.5 4.3 7.01 23.5 133 15 0.12 0.38
2,4′-DDD 53.9 2.6 1.12 3.81 83.1 14 0.10 0.33
Cyproconazole 64.5 7.1 1.63 5.30 0 0 – –
4,4′-DDD 67.3 3.4 0.73 2.43 80.1 16 0.06 0.21
2,4′-DDT 62.1 4.9 1.72 5.81 80.1 16 0.06 0.21
4,4′-DDT 79.5 4.0 1.03 3.32 110 11 0.04 0.13
Quinoxyfen 91.8 6.4 0.72 2.21 51.8 17 0.12 0.39
Bifenthrin 74.5 11.7 1.24 4.13 76.2 5.0 0.16 0.54
Diflufenican 95.3 6.3 1.42 4.72 70.8 6.9 0.04 0.12
Bifenox 25.6 2.1 – – 83.8 13 0.08 0.25
Mirex 18.8 2.0 – – 44.7 8.5 0.07 0.25
Cyhalothrin 79.5 6.5 7.86 25.9 82.7 10 0.16 0.52
Permethrin 81.1 8.9 2.66 8.87 64.2 5.1 0.16 0.54
Cypermetrin 80.0 7.0 1.51 4.94 121 13 0.04 0.15
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and permethrin. This result is consistent since the vast 
majority of these pesticides are not approved in accordance 
with Regulation (EC) No 1107/2009 [34].

Sixteen and 15 pesticides have been detected in water and 
sediments, respectively. In general, pesticides with higher 
non-polarity have been detected more in sediments than 
water. Only five analytes, chlorpyrifos, dicofol, pendimeth-
alin, oxadiazon, and 2,4′-DDD have been detected in both 
matrices. These are highly non-polar pesticides since their 
log  Kow range between 4.30 and 5.87, hence their higher 
presence in sediments than water. Dicofol and pendimetha-
lin were detected in water below LOQs while in sediments 
they were detected with mean concentrations of 0.11 and 
1.7 ng  g−1 dw, respectively. 2,4-DDD was only detected in 
one water sample at 1.9 ng  L−1 while in sediments, it was 
detected in three samples with a mean value of 2.5 ng  g−1 
dw. On the other hand, oxadiazon and chlorpyrifos were 
among the most frequently detected pesticides in the sam-
ples probably due to their extensive use as pesticides, there-
fore their presence in both matrices.

Diflufenican was the most frequently detected pesti-
cide in water with a 70% of detection frequency followed 
by chlorpyrifos (60%), oxadiazon (60%), diazinon (60%), 
and malathion (50%). However, diflufenican was detected 
below LOQs in 90% of the samples, while oxadiazon and 
malathion had the highest frequency of quantification in the 
samples with 60 and 50%, respectively. The highest con-
centration level of a pesticide in the samples corresponded 
to terbutryn with 78.2 ng  L−1 followed by malathion with 
76.6 ng  L−1. Obtained results were lower for oxadiazon 
with a range between n.d. and 15.8 ng  L−1 (mean value of 

5.4 ng  L−1) in comparison with other previously published 
results in water from Catalonian river basins like Gusmaroli 
et al. [35] who detected oxadiazon between 21.1 and 592 ng 
 L−1 (mean value of 270 ng  L−1) in 2016. Regarding mala-
thion, our results were lower, with a range between n.d. and 
76.6 ng  L−1 (mean value of 14.5 ng  L−1), in comparison to 
Masiá et al. [36] who detected malathion between 3.01 and 
320 ng  L−1 (mean value of 57.6 ng  L−1) in 2010. Moreover, 
Köck-Schulmeyer et al. [37] detected malathion in water 
from various sampling campaigns of 2009 and 2010 with 
mean concentrations ranging between 2.6 and 16.7 ng  L−1, 
similar to our results. Concerning terbutryn, our results were 
lower, with a range between n.d. and 78.2 ng  L−1 (mean 
value of 17.1 ng  L−1), in comparison with other published 
results like Navarro et al. [38] who detected terbutryn with a 
range between 5 and 184 ng  L−1 (mean value of 53 ng  L−1) 
in the Ebro river basin in 2010.

On the other hand, the pesticides with the highest detec-
tion frequency in the sediments were hexachlorobenzene 
with a 100% of detection frequency followed by 4,4′-DDE 
(50%), pendimethalin (40%), and dicofol (40%). The high-
est concentration level of a pesticide in the samples cor-
responded to oxadiazon with 382 ng  g−1 dw. Mean con-
centrations of DDXs were n.d., 9.09, 0.75, 1.94, 0.42, and 
2.36 ng  g−1 dw for 2,4′-DDE, 4,4′-DDE, 2,4′-DDD, 4,4′-
DDD, 2,4′-DDT, and 4,4′-DDT, respectively. Obtained 
results were lower for hexachlorobenzene, with a range 
between 0.1 and 1.3 ng  g−1 dw (mean value of 0.53 ng  g−1 
dw), in comparison with other previously published results 
in sediments from Catalonian river basins like Navarro-
Ortega et  al. [39] who detected hexachlorobenzene at 

Fig. 1  Total concentration in ng 
 L−1 of detected pesticides in the 
water samples
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Fig. 2  Total concentration in ng 
 g−1 dw of detected pesticides in 
the sediment samples
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concentrations between 20.7 and 264 ng   g−1 dw (mean 
value of 88.1 ng  g−1 dw) from various sampling campaigns 
between 2004 and 2006. Regarding DDXs, our results were 
lower in comparison to Navarro-Ortega et  al. [39] who 
obtained levels of 4,4′-DDT between 0.45 and 501 ng  g−1 
dw (mean value of 48.4 ng   g−1 dw); 4,4′-DDE between 
0.34 and 141 ng  g−1 dw (mean value of 14.1 ng  g−1 dw); 
2,4′-DDD between 0.30 and 77.9 ng  g−1 dw (mean value of 
11.9 ng  g−1 dw); 4,4′-DDD between 0.35 and 83.0 ng  g−1 dw 
(mean value of 10.5 ng  g−1 dw); 2,4′-DDE between 0.50 and 
18.9 ng  g−1 dw (mean value of 2.78 ng  g−1 dw); and between 
2.21 and 50.9 ng  g−1 dw (mean value of 15.1 ng  g−1 dw) for 
2,4′-DDT. Oxadiazon is an organochlorine herbicide largely 
used in rice crops against mono- and dicotyledonous weeds 
[40]. Despite being removed from the second EU Watch List 
of substances (2018/840/EU) [4], oxadiazon is considered 
to be very toxic to aquatic organisms, with algae and fish 
reproduction as the most sensitive endpoints [40]. To our 
knowledge, this is the first time the presence of oxadiazon 
has been reported in sediments from Catalonian river basins 
with a range of n.d. to 382 ng  g−1 dw and mean concentra-
tion of 44 ng  g−1 dw. These results show the importance of 
the analytical multi-residue methodologies development’s 
applicability for an easier screening of these compounds 
in water and sediments that can be used later for a better 
evaluation and understanding of the presence and behavior 
of these compounds in the environment. Moreover, these 
results emphasize the importance of the inclusion of selected 
pesticides, such as those included in the EU Watch Lists 
(methiocarb, oxadiazon, and triallate), since the presence in 
several samples of pesticides, such as oxadiazon, has been 
determined at concentration levels that can pose a high risk 
to aquatic organisms.

Environmental Risk Assessment

The potential ecotoxicological risk derived from the pres-
ence of pesticides to aquatic organisms was assessed with 
the risk quotient (RQ) method. This method evaluates the 
ratio of the measured environmental concentration (MEC) 
with the predicted no-effect concentration (PNEC) at which 
no toxicological effects are expected. In this work, we used 
both the mean and the maximum concentration of detected 
pesticides in the samples as MEC-Mean and MEC-Max, 
respectively. Evaluation of RQ values was assessed consid-
ering RQs below 1 as not hazardous to aquatic organisms, 
between 1 and 10 to pose a moderate risk, and higher than 
10 are considered to pose a high risk to aquatic organisms. 
The worst-case scenario evaluation was assessed using 
MEC-Max. Obtained RQs of detected pesticides in water 
and sediments from Catalonian river basins are summarized 
in Table 5.

Regarding water samples, obtained RQs were below 1 
indicating the presence of detected pesticides poses a low 
risk to aquatic organisms with the exception of malathion 
with an RQ of 2.4, higher than 1, indicating that its presence 
can pose a moderate risk to aquatic organisms. As expected, 
worse results are obtained when evaluating the worst-case 
scenario since malathion now poses a high risk to aquatic 
organisms while the presence of terbutryn, methiocarb, and 
chlorpyrifos can pose a moderate risk to aquatic organisms.

Regarding sediment samples, obtained RQs were higher 
than 1 in all cases and higher than 10 for ten out of the 15 
detected pesticides indicating a high risk due its presence in 
the sediments. Similar results are obtained when evaluat-
ing the worst-case scenario since now all samples can pose 
a high risk to aquatic organisms. These obtained high RQ 
values are explained due to the low PNEC values of each 
pesticide even for fenthion with a maximum detected con-
centration of 0.21 ng  g−1 dw. These results are concerning 
and remarks the importance of the simultaneous evaluation 
of both water and sediment since sediments can act as a 
pollution sink of contaminants that can be released to the 
aqueous phase at any time through re-suspension by natural 
or human actions [41, 42].

Conclusion

A multi-residue method for the analysis of non-polar pes-
ticides by GC–MS/MS in water and sediment matrices has 
been successfully developed for the analysis of 33 and 27 
compounds for water and sediments, respectively. This 
method showed good recovery percentages, reproducibility, 
and low detection limits, lower than the maximum accept-
able method detection limits of the Watch Lists’ pesticides 
and most of the selected priority substances’ EQS. The pro-
posed method has been applied successfully for the analysis 
of real water and sediment samples from Catalonian river 
basins confirming the applicability of the method for the 
analysis of pesticides at trace level in environmental samples 
of water and sediment. The need to include recent inter-
est pesticides, such as those included in the Watch Lists, 
has been emphasized since the presence in several samples 
of pesticides, such as oxadiazon, has been demonstrated 
at concentration levels that can pose a high risk to aquatic 
organisms according to the RQ method as well as the impor-
tance of the simultaneous evaluation of both water and sedi-
ments since almost all detected pesticides in the sediments 
can pose a high risk to aquatic organisms. However, further 
studies need to be done to better understand and assess the 
environmental impact of contaminated sediments to aquatic 
organisms.



437Multi-residue Methodologies for the Analysis of Non-polar Pesticides in Water and Sediment…

1 3

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10337- 021- 04026-x.

Acknowledgments This work was funded by the Spanish Ministry of 
Economy and Competitiveness (Project BECAS CTM2016-75587-C2-
2-R); the Ministry of Agriculture and Fisheries, Food and Environment 
(Project APAN Ref. 2392/2017); and by the Generalitat de Catalunya 
(Consolidated Research Group Water and Soil Quality Unit 2017 SGR 
1404). IDAEA-CSIC is a Centre of Excellence Severo Ochoa (Span-
ish Ministry of Science and Innovation, Project CEX2018-000794-S).

Funding This study was funded by the Spanish Ministry of Economy 
and Competitiveness (Project BECAS CTM2016-75587-C2-2-R); the 
Ministry of Agriculture and Fisheries, Food and Environment (Project 
APAN Ref. 2392/2017); and by the Generalitat de Catalunya (Consoli-
dated Research Group Water and Soil Quality Unit 2017 SGR 1404). 
IDAEA-CSIC is a Centre of Excellence Severo Ochoa (Spanish Minis-
try of Science and Innovation, Project CEX2018-000794-S).

Declarations 

Conflict of Interest The authors declare that they have no conflict of 
interest.

References

 1. Ccanccapa A, Masiá A, Navarro-Ortega A, Picó Y, Barceló D 
(2016) Pesticides in the Ebro River basin: occurrence and risk 
assessment. Environ Pollut 211:414–424. https:// doi. org/ 10. 
1016/j. envpol. 2015. 12. 059

 2. Ongley ED (1996) Pesticides as water pollutants. In: Con-
trol of water pollution from agriculture. Food and Agriculture 
Organization of the United Nations, Rome, pp 53–67. ISBN: 
92-5-103875-9

Table 5  RQs of detected pesticides for the worst-case scenario (RQ-Max) and the normal (RQ-Mean) with their respective MEC-Max and 
MEC-Mean as well as PNEC values for water and sediment

a Data extracted from the NORMAN Ecotoxicology Database. https:// www. norman- netwo rk. com/ nds/ ecotox/
b Data not available

Compound Water

PNEC  
(ng  L−1)a

MEC-Mean  
(ng  L−1)

RQ-Mean MEC-Max  
(ng  L−1)

RQ-Max

Isoproturon 300 19.4 0.065 99.5 0.332
Simazine 1000 2.44 0.002 24.4 0.024
Diazinon 10 3.28 0.328 9.12 0.910
Triallate 470 3.19 0.007 17.3 0.037
Terbutryn 65 17.1 0.262 78.2 1.20
Malathion 6 14.5 2.41 76.6 12.8
Methiocarb 10 1.02 0.102 10.2 1.02
Chlorpyrifos 30 3.71 0.124 30.9 1.03
Oxadiazon 88 5.39 0.061 15.8 0.180
2,4′-DDD 3.9 0.19 0.049 1.87 0.487
Diflufenican 9 0.48 0.053 4.79 0.533

Compound Sediment

PNEC  
(ng  g−1)a

MEC-Mean  
(ng  g−1)

RQ-Mean MEC-Max  
(ng  g−1)

RQ-Max

Hexachlorobenzene 0.08 0.53 6.61 1.27 16.3
Fenthion 0.0064 0.02 3.28 0.21 32.8
Chlorpyrifos 0.048 27.8 579 274 5708
Dicofol 0.000051 0.11 2216 0.35 6863
Pendimethalin 0.029 1.74 60.0 9.14 315
4,4′-DDE 0.00064 9.09 14,203 89.7 140,156
Oxadiazon 0.14 44.0 314 382 2729
Oxyfluorfen 0.15 5.90 39.3 59.0 393
2,4′-DDD 0.0063 0.75 118 4.34 689
4,4′-DDD 0.0008 1.94 2420 11.8 14,750
2,4′-DDT 0.0000096 0.42 43,750 4.16 437,500
4,4′-DDT 0.016 2.36 148 14.5 906
Cypermethrin n/ab 17.1 – 154 –

https://doi.org/10.1007/s10337-021-04026-x
https://doi.org/10.1016/j.envpol.2015.12.059
https://doi.org/10.1016/j.envpol.2015.12.059
https://www.norman-network.com/nds/ecotox/


438 A. Peris, E. Eljarrat 

1 3

 3. EC (2013) DIRECTIVE 2013/39/EU OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL of 12 August 2013 
amending Directives 2000/60/EC and 2008/105/EC as regards 
priority substances in the field of water policy. Off J Eur Union L 
226:1–17. https:// eur- lex. europa. eu/ legal- conte nt/ EN/ ALL/? uri= 
celex: 32013 L0039

 4. EC (2018) COMMISSION IMPLEMENTING DECISION (EU) 
2018/840 of 5 June 2018 establishing a watch list of substances 
for Union-wide monitoring in the field of water policy pursuant 
to Directive 2008/105/EC of the European Parliament and of the 
Council and repealing Commission Implementing Decision (EU) 
2015/495. Off J Eur Union L 141:9–12. https:// eur- lex. europa. eu/ 
eli/ dec_ impl/ 2018/ 840/ oj

 5. Feo ML, Eljarrat E, Barceló D (2011) Performance of gas chroma-
tography/tandem mass spectrometry in the analysis of pyrethroid 
insecticides in environmental and food samples. Rapid Commun 
Mass Spectrom 25:869–876. https:// doi. org/ 10. 1002/ rcm. 4936

 6. Mondal R, Mukherjee A, Biswas S, Kole RK (2018) GC-MS/
MS determination and ecological risk assessment of pesticides in 
aquatic system: a case study in Hooghly River basin in West Ben-
gal, India. Chemosphere 206:217–230. https:// doi. org/ 10. 1016/j. 
chemo sphere. 2018. 04. 168

 7. Robles-Molina J, Gilbert-López B, García-Reyes JF, Molina-Díaz 
A (2013) Gas chromatography triple quadrupole mass spectrome-
try method for monitoring multiclass organic pollutants in Spanish 
sewage treatment plants effluents. Talanta 111:196–205. https:// 
doi. org/ 10. 1016/j. talan ta. 2013. 03. 006

 8. Elbashir AA, Aboul-Enein HY (2018) Application of gas and liq-
uid chromatography coupled to time-of-flight mass spectrometry 
in pesticides: Multiresidue analysis. Biomed Chromatogr 32:1–7. 
https:// doi. org/ 10. 1002/ bmc. 4038

 9. Charalampous AC, Miliadis GE, Koupparis MA (2015) A new 
multiresidue method for the determination of multiclass pesti-
cides, degradation products and PCBs in water using LC–MS/MS 
and GC–MS(n) systems. Int J Environ An Ch 95(13):1283–1298. 
https:// doi. org/ 10. 1080/ 03067 319. 2015. 11007 23

 10. Donato FF, Martins ML, Munaretto JS, Prestes OD, Adaime MB, 
Zanella R (2015) Development of a multiresidue method for pesti-
cide analysis in drinking water by solid phase extraction and deter-
mination by gas and liquid chromatography with triple quadrupole 
tandem mass spectrometry. J Braz Chem Soc 26(10):2077–2087. 
https:// doi. org/ 10. 5935/ 0103- 5053. 20150 192

 11. Terzopoulou E, Voutsa D, Kaklamanos G (2015) A multi-residue 
method for determination of 70 organic micropollutants in surface 
waters by solid-phase extraction followed by gas chromatogra-
phy coupled to tandem mass spectrometry. Environ Sci Pollut R 
22(2):1095–1112. https:// doi. org/ 10. 1007/ s11356- 014- 3397-3

 12. He P, Aga DS (2019) Comparison of GC-MS/MS and LC-MS/
MS for the analysis of hormones and pesticides in surface waters: 
advantages and pitfalls. Anal Methods 11(11):1436–1448. https:// 
doi. org/ 10. 1039/ C8AY0 2774A

 13. Cruzeiro C, Pardal MÂ, Rocha E, Rocha MJ (2015) Occurrence 
and seasonal loads of pesticides in surface water and suspended 
particulate matter from a wetland of worldwide interest—the Ria 
Formosa Lagoon. Portugal Environ Monit Assess 187(11):669. 
https:// doi. org/ 10. 1007/ s10661- 015- 4824-8

 14. Zhang H, Watts S, Philix MC, Snyder SA, Ong CN (2018) Occur-
rence and distribution of pesticides in precipitation as revealed by 
targeted screening through GC-MS/MS. Chemosphere 211:210–
217. https:// doi. org/ 10. 1016/j. chemo sphere. 2018. 07. 151

 15. Pitarch E, Medina C, Portolés T, López FJ, Hernández F (2007) 
Determination of priority organic micro-pollutants in water by gas 
chromatography coupled to triple quadrupole mass spectrometry. 
Anal Chim Acta 583:246–258. https:// doi. org/ 10. 1016/j. aca. 2006. 
10. 012

 16. Mansilha C, Melo A, Rebelo H, Ferreira IMPLVO, Pinho O, 
Domingues V, Pinho C, Gameiro P (2010) Quantification of endo-
crine disruptors and pesticides in water by gas chromatography–
tandem mass spectrometry. Method validation using weighted lin-
ear regression schemes. J Chromatogr A 1217:6681–6691. https:// 
doi. org/ 10. 1016/j. chroma. 2010. 05. 005

 17. Ruiz-Gil L, Romero-González R, Frenich AG, Vidal JLM (2008) 
Determination of pesticides in water samples by solid phase 
extraction and gas chromatography tandem mass spectrometry. J 
Sep Sci 31:151–161. https:// doi. org/ 10. 1002/ jssc. 20070 0299

 18. Vidal JLM, Espada MCP, Frenich AG, Arrebola FJ (2000) Pesti-
cide trace analysis using solid-phase extraction and gas chroma-
tography with electron-capture and tandem mass spectrometric 
detection in water samples. J Chromatogr A 867:235–245. https:// 
doi. org/ 10. 1016/ S0021- 9673(99) 01082-1

 19. Pablos-Espada MC, Arrebola-Liébanas FJ, Garrido-frenich A, 
Martínez-Vidal JL (1999) Analysis of Pesticides in Water Samples 
Using GC-ECD and GC-MS/MS Techniques. Int J Environ An Ch 
75(1–2):165–179. https:// doi. org/ 10. 1080/ 03067 31990 80473 09

 20. Scheyer A, Morville S, Mirabel P, Millet M (2006) Analysis of 
trace levels of pesticides in rainwater using SPME and GC–tan-
dem mass spectrometry. Anal Bioanal Chem 384:475–487. https:// 
doi. org/ 10. 1007/ s00216- 005- 0176-5

 21. García-Rodríguez D, Carro AM, Lorenzo RA, Fernández F, Cela 
R (2008) Determination of trace levels of aquaculture chemo-
therapeutants in seawater samples by SPME-GC-MS/MS. J Sep 
Sci 31:2882–2890. https:// doi. org/ 10. 1002/ jssc. 20080 0268

 22. Sauret-Szczepanski N, Mirabel P, Wortham H (2006) Develop-
ment of an SPME-GC-MS/MS method for the determination of 
pesticides in rainwater: laboratory and field experiments. Environ 
Pollut 139:133–142. https:// doi. org/ 10. 1016/j. envpol. 2005. 04. 024

 23. Perreau F, Einhorn J (2006) Determination of frequently detected 
herbicides in water by solid-phase microextraction and gas chro-
matography coupled to ion-trap tandem mass spectrometry. 
Anal Bioanal Chem 386:1449–1456. https:// doi. org/ 10. 1007/ 
s00216- 006- 0693-x

 24. Gonçalves C, Alpendurada MF (2004) Solid-phase micro-extrac-
tion–gas chromatography–(tandem) mass spectrometry as a tool 
for pesticide residue analysis in water samples at high sensitivity 
and selectivity with confirmation capabilities. J Chromatogr A 
1026:239–250. https:// doi. org/ 10. 1016/j. chroma. 2003. 10. 117

 25. Frenich AG, Romero-González R, Vidal JLM, Ocaña RM, Feria 
PB (2011) Comparison of solid phase microextraction and hol-
low fiber liquid phase microextraction for the determination of 
pesticides in aqueous samples by gas chromatography triple quad-
rupole tandem mass spectrometry. Anal Bioanal Chem 399:2043–
2059. https:// doi. org/ 10. 1007/ s00216- 010- 4236-0

 26. Pintado-Herrera MG, González-Mazo E, Lara-Martín PA (2016) 
In-cell clean-up pressurized liquid extraction and gas chromatog-
raphy–tandem mass spectrometry determination of hydrophobic 
persistent and emerging organic pollutants in coastal sediments. 
J Chromatogr A 1429:107–118. https:// doi. org/ 10. 1016/j. chroma. 
2015. 12. 040

 27. Camino-Sánchez FJ, Zafra-Gómez A, Pérez-Trujillo JP, Conde-
González JE, Marques JC, Vílchez JL (2011) Validation of a GC–
MS/MS method for simultaneous determination of 86 persistent 
organic pollutants in marine sediments by pressurized liquid 
extraction followed by stir bar sorptive extraction. Chemosphere 
84:869–881. https:// doi. org/ 10. 1016/j. chemo sphere. 2011. 06. 019

 28. Martínez-Lara JM, Melo MIP (2017) Diseño De Experimentos 
Aplicado En La Optimización Del Método De Extracción QuECh-
ERS Para La Determinación De Plaguicidas Organoclorados Y 
Organofosforados En Suelos. Rev Int Contam Ambie 33(4):559–
573. https:// doi. org/ 10. 20937/ rica. 2017. 33. 04. 02

 29. Łozowicka B, Rutkowska E, Jankowska M (2017) Influence of 
QuEChERS modifications on recovery and matrix effect during 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex:32013L0039
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex:32013L0039
https://eur-lex.europa.eu/eli/dec_impl/2018/840/oj
https://eur-lex.europa.eu/eli/dec_impl/2018/840/oj
https://doi.org/10.1002/rcm.4936
https://doi.org/10.1016/j.chemosphere.2018.04.168
https://doi.org/10.1016/j.chemosphere.2018.04.168
https://doi.org/10.1016/j.talanta.2013.03.006
https://doi.org/10.1016/j.talanta.2013.03.006
https://doi.org/10.1002/bmc.4038
https://doi.org/10.1080/03067319.2015.1100723
https://doi.org/10.5935/0103-5053.20150192
https://doi.org/10.1007/s11356-014-3397-3
https://doi.org/10.1039/C8AY02774A
https://doi.org/10.1039/C8AY02774A
https://doi.org/10.1007/s10661-015-4824-8
https://doi.org/10.1016/j.chemosphere.2018.07.151
https://doi.org/10.1016/j.aca.2006.10.012
https://doi.org/10.1016/j.aca.2006.10.012
https://doi.org/10.1016/j.chroma.2010.05.005
https://doi.org/10.1016/j.chroma.2010.05.005
https://doi.org/10.1002/jssc.200700299
https://doi.org/10.1016/S0021-9673(99)01082-1
https://doi.org/10.1016/S0021-9673(99)01082-1
https://doi.org/10.1080/03067319908047309
https://doi.org/10.1007/s00216-005-0176-5
https://doi.org/10.1007/s00216-005-0176-5
https://doi.org/10.1002/jssc.200800268
https://doi.org/10.1016/j.envpol.2005.04.024
https://doi.org/10.1007/s00216-006-0693-x
https://doi.org/10.1007/s00216-006-0693-x
https://doi.org/10.1016/j.chroma.2003.10.117
https://doi.org/10.1007/s00216-010-4236-0
https://doi.org/10.1016/j.chroma.2015.12.040
https://doi.org/10.1016/j.chroma.2015.12.040
https://doi.org/10.1016/j.chemosphere.2011.06.019
https://doi.org/10.20937/rica.2017.33.04.02


439Multi-residue Methodologies for the Analysis of Non-polar Pesticides in Water and Sediment…

1 3

the multi-residue pesticide analysis in soil by GC/MS/MS and GC/
ECD/NPD. Environ Sci Pollut Res 24:7124–7138. https:// doi. org/ 
10. 1007/ s11356- 016- 8334-1

 30. Fernandes VC, Domingues VF, Mateus N, Delerue-Matos C 
(2013) Multiresidue pesticides analysis in soils using modified 
QuEChERS with disposable pipette extraction and dispersive 
solid-phase extraction. J Sep Sci 36:376–382. https:// doi. org/ 10. 
1002/ jssc. 20120 0673

 31. Yu Y, Liu X, He Z, Wang L, Luo M, Peng Y, Zhou Q (2016) 
Development of a multi-residue method for 58 pesticides in soil 
using QuEChERS and gas chromatography-tandem mass spec-
trometry. Anal Methods 8:2463–2470. https:// doi. org/ 10. 1039/ 
C6AY0 0337K

 32. Zhang H, Bayen S, Kelly BC (2015) Co-extraction and simultane-
ous determination of multi-class hydrophobic organic contami-
nants in marine sediments and biota using GC-EI-MS/MS and 
LC-ESI-MS/MS. Talanta 143:7–18. https:// doi. org/ 10. 1016/j. talan 
ta. 2015. 04. 084

 33. Barón E, Eljarrat E, Barceló D (2014) Gas cromatography/tandem 
mass spectrometry method for the simultaneous analysis of 19 
brominates compounds in environmental and biological samples. 
Anal Bioanal Chem 406:7667–7676. https:// doi. org/ 10. 1007/ 
s00216- 014- 8196-7

 34. EC (2009) REGULATION (EC) No 1107/2009 OF THE EURO-
PEAN PARLIAMENT AND OF THE COUNCIL of 21 October 
2009 concerning the placing of plant protection products on the 
market and repealing Council Directives 79/117/EEC and 91/414/
EEC. Off J Eur Union L 309:1–50. https:// eur- lex. europa. eu/ legal- 
conte nt/ EN/ TXT/? uri= celex% 3A320 09R11 07

 35. Gusmaroli L, Buttiglieri G, Petrovic M (2019) The EU watch list 
compounds in the Ebro delta region: assessment of sources, river 
transport, and seasonal variations. Environ Pollut 253:606–615. 
https:// doi. org/ 10. 1016/j. envpol. 2019. 07. 052

 36. Masiá A, Campo J, Navarro-Ortega A, Barceló D, Picó Y (2015) 
Pesticide monitoring in the basin of Llobregat River (Catalonia, 
Spain) and comparison with historical data. Sci Total Environ 
503:58–68. https:// doi. org/ 10. 1016/j. scito tenv. 2014. 06. 095

 37. Köck-Schulmeyer M, Ginebreda A, González S, Cortina JL, de 
Alda ML, Barceló D (2012) Analysis of the occurrence and risk 
assessment of polar pesticides in the Llobregat River Basin (NE 
Spain). Chemosphere 86(1):8–16. https:// doi. org/ 10. 1016/j. chemo 
sphere. 2011. 08. 034

 38. Navarro A, Tauler R, Lacorte S, Barceló D (2010) Occurrence and 
transport of pesticides and alkylphenols in water samples along 
the Ebro River Basin. J Hydrol 383(1–2):18–29. https:// doi. org/ 
10. 1016/j. jhydr ol. 2009. 06. 039

 39. Navarro-Ortega A, Tauler R, Lacorte S, Barceló D (2010) Occur-
rence and transport of PAHs, pesticides and alkylphenols in sedi-
ment samples along the Ebro River Basin. J Hydrol 383(1–2):5–
17. https:// doi. org/ 10. 1016/j. jhydr ol. 2009. 12. 031

 40. Pietrzak D, Kania J, Malina G, Kmiecik E, Wątor K (2019) Pes-
ticides from the EU first and second Watch Lists in the water 
environment. Clean-Soil Air Water 47(7):1800376. https:// doi. 
org/ 10. 1002/ clen. 20180 0376

 41. Gavrilescu M (2005) Fate of pesticides in the environment and 
its bioremediation. Eng Life Sci 5(6):497–526. https:// doi. org/ 10. 
1002/ elsc. 20052 0098

 42. Pinto MI, Burrows HD, Sontag G, Vale C, Noronha JP (2016) 
Priority pesticides in sediments of European coastal lagoons: a 
review. Mar Pollut Bull 112(1–2):6–16. https:// doi. org/ 10. 1016/j. 
marpo lbul. 2016. 06. 101

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11356-016-8334-1
https://doi.org/10.1007/s11356-016-8334-1
https://doi.org/10.1002/jssc.201200673
https://doi.org/10.1002/jssc.201200673
https://doi.org/10.1039/C6AY00337K
https://doi.org/10.1039/C6AY00337K
https://doi.org/10.1016/j.talanta.2015.04.084
https://doi.org/10.1016/j.talanta.2015.04.084
https://doi.org/10.1007/s00216-014-8196-7
https://doi.org/10.1007/s00216-014-8196-7
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009R1107
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009R1107
https://doi.org/10.1016/j.envpol.2019.07.052
https://doi.org/10.1016/j.scitotenv.2014.06.095
https://doi.org/10.1016/j.chemosphere.2011.08.034
https://doi.org/10.1016/j.chemosphere.2011.08.034
https://doi.org/10.1016/j.jhydrol.2009.06.039
https://doi.org/10.1016/j.jhydrol.2009.06.039
https://doi.org/10.1016/j.jhydrol.2009.12.031
https://doi.org/10.1002/clen.201800376
https://doi.org/10.1002/clen.201800376
https://doi.org/10.1002/elsc.200520098
https://doi.org/10.1002/elsc.200520098
https://doi.org/10.1016/j.marpolbul.2016.06.101
https://doi.org/10.1016/j.marpolbul.2016.06.101

	Multi-residue Methodologies for the Analysis of Non-polar Pesticides in Water and Sediment Matrices by GC–MSMS
	Abstract
	Introduction
	Materials and Methods
	Standards and Solvents
	Sample Collection
	Sample Preparation
	Water Samples
	Sediment Samples

	Instrumental Conditions
	Analytical Parameters

	Results and Discussion
	Optimization of Extraction
	GC–MSMS Conditions
	QA of Developed Methods
	Applicability to Real Samples
	Environmental Risk Assessment

	Conclusion
	Acknowledgments 
	References




