Drinking water analysis
Automatic, simultaneous and rapid analysis of pesticides in drinking water
by online SPE and UHPLC-MS/MS
Background
In 1998, the European Union
(EU) adopted the Drinking Water
Directive 98/83/EC1 (DWD) [2].
For more than 20 years, the DWD
has regulated the quality of water
intended for human consumption.
Evaluation of this directive was
included in the Commission Work
Programme 20152 as part of the
Commission’s Regulatory Fitness
and Performance programme
(REFIT), to assess whether this
instrument remains fit for purpose. It is the first full evaluation
of the DWD and has been published as a Commission Staff
Working Document in December
2016 (SWD, 2016, 428 final).

E

U citizens use up to 156
liters of water per day.
Groundwater and surface
water such as rivers, lakes, reservoirs and seawater are sources for
drinking water. Its safety and high
quality are essential for public and
individual health as well as for the
economy.
Hazards in source waters include
pathogenic microorganisms and
chemicals from domestic, agricul-

tural, commercial or natural
sources. Defects in quality and
quantity generate massive problems and cause high social and
economic costs. Strict and steady
controls are therefore essential.
Shimadzu offers the full product
portfolio for drinking water
analysis such as ICPMS-2030 for
heavy metal monitoring and
TOC-L for the total organic carbon determination. These system

configurations meet analytical
requirements for effective control
of drinking water, are user-friendly and provide an economical
solution for modern laboratories.
Another important tool for determination of contaminants in
drinking water is the online SPEUHPLC-MS/MS method, which
allow the simultaneous highly
sensitive quantification of 272
pesticides in surface and groundwater.

Cooperation between the DWD
and agriculture is a crucial factor
for providing safe and high-quality drinking water. Agricultural
practices like fertilization and
plant protection with pesticides
have a significant impact on
drinking water quality. To prevent
agricultural contamination,
parameters like nitrate and pesticides have been included in the
DWD. These standards contributed to reducing the release of
fertilizers and crop protection
products to preserve the environment. Decreasing releases of
nitrate or pesticides into the envi-

The total abstraction of fresh water across Europe is around 182 billion m 3/year, drawn in roughly equal amounts from groundwater and
surface water sources. Drinking water in the EU stems from around
11,000 large suppliers and 85,000 small suppliers, serving around
80 % and 20 % of the population respectively.

Figure 1: Scheme of online SPE and UHPLC-MS/MS

More than 60 % of the EU water infrastructure consists of water services provided by publicly-owned companies – the rest are regulated
entities with different levels of private ownership. Regulatory options
range from largely decentralized management of private companies
(subject to antitrust and price regulation) to public ownership, ministerial guidance and budget control. The European water sector is a
major economic player (1 % of GDP), with an annual turnover in the
EU of about 80 billion Euro. It provides around 500,000 full-time jobs
and a yearly investment of 7 billion Euro [1].

(Number of patent: WO 2016/098169 A1)
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ronment is the driving force for
ensuring safe and high-quality
drinking water.
Pesticides in drinking water
Pesticides are often applied for
crop protection. Their intensive
use and slow natural degradation
make them serious contaminants
of surface and underground water
– the most important sources for
drinking water. This exposure can
be dangerous for animals, humans
and ecosystems, with an immediate or long-term effect. In relation
to these compounds, some studies
have revealed health impacts such
as alterations of the nervous system, immune system diseases, fertility and development problems
as well as cancer. This lead to the
DWD setting a concentration
limit of 0.1 μg/L for individual
pesticides and 0.5 μg/L for the
total sum of pesticides.
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Figure 2: Chromatogram of ground water spiked at 100 ng/L
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Determination of 272
pesticides in water
Reference separation techniques
require a tedious pretreatment
protocol to reach the thresholds
set by environmental standards.
Shimadzu proposes a fast and sensitive online SPE-LC-MS/MS
method for simultaneous highly
sensitive quantification of 272
pesticides in surface and groundwater. This method uses high
quality solvents and reagents for
mobile phases (LC-MS grade
Biosolve1). Two surface waters
and one groundwater sample were
spiked with standard pesticides
purchased from Sigma-Aldrich
(St. Louis, Missouri, USA). Six
calibration levels at 1, 10, 20, 50,
100 and 500 ng/L were prepared
three times in each matrix.
SPE-UHPLC conditions:
Nexera X2
System: Shimadzu Nexera X2
Column SPE: Mayi-ODS C18
Column LC: C18AQ CS
Interchim 2,6 μm 150*3 mm
A/B (SPE): water/acetonitrile
+ 0.002 % formic acid + 2 mM
ammonium formate
A: water + 0.002 % formic acid
+ 2 mM ammonium formate
B: 50/50 acetonitrile/methanol
+ 0.002 % formic acid + 2 mM
ammonium formate
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Figure 3: Example of chromatogram at the LLOQ

LC flow: 0.7 mL/min
SPE elution flow: 0.2 mL/min
Oven temperature: 40 °C
Injection volume: 1,000 μl

Heat block temperature: 300 °C
Interface temperature: 350 °C

MS conditions:
LCMS-8050

An analysis demonstrated the different concentration levels prepared on three water samples (figure 2).

System: Shimadzu LCMS-8050
ESI ionization mode: positive
and negative
Dwell time: 4 to 199 msec to
obtain at least 15 points per peak
Nebulizing gas flow: 2.8 L/min
Heating gas flow: 10 L/min
Drying gas flow: 10 L/min
Desolvation line: 150 °C

One of the previous matrices,
spiked at different levels, was
selected to establish the calibration curve. The other doped water
samples worked as controls. The
23 different isotopic standards
were added to perform an internal
calibration. To overcome the
matrix effect, ISTD were selected

to cover the main families of pesticides such as phenylureas, triazines, carbamates, sulphonylureas and organophosphorus
compounds.
The lower limits of quantification
(LLOQ’s) were established for
each compound by a signal to
noise ratio (S/N) greater than 10.
Table 1 classifies the compounds
according to their limits of quantification: 1, 10 and 25 ng/L. The
LLOQs obtained fit the requirements of the European directives
and the guidelines of the World
Health Organization (WHO). 쏡

Compounds with LOQ at 1 ng/L
4MBC
Acetamiprid
Acetochlor
Acide niflumique
Alachlore
Ametryn
Amidosulfuron
Aminocarb
Atenolol
Atrazine
Atrazine desethyl
Atrazine-OH
Azaconazole
Azamethiphos
Azimsulfuron
Azinphos ethyl
Azinphos methyl
Azoxystrobin
Bensulfuron methyl
Benthiavalicarb isopropyl
Bisphenol S
Buturon
Cafeine
Carbamazepime
Carbamazepine epoxyde
Carbaryl
Carbendazim
Carbetamide
Carbofuran
Carbofuran 3 hydroxy
Carboxin
Chlorantraniliprole
Chlorbromuron

Chlorfluazon
Chloridazon
Chlorsulfuron
Chlortoluron
Clethodim
Coumafene
Coumatetralyl
Cyanazine
Cybutrine
Cycloxydim
Cyflufenamid
Cyproconazole
DCPMU
Desmetryn
Dichlorophen
Dicrotophos
Diethofencarb
Difenacoum
Difenoconazole
Difethialone
Diisobutylphtalate
Dimetachlore
Dimethenamid
Dimethomorph
Dimetilan
Dimoxystrobin
Diniconazole
Dinoseb
Dinoterb
Diuron
Econazole
Epoxiconazole
Erythromicine

Ethidimuron
Ethiofencarb
Ethiprole
Enbuconazole
Fenobucarb
Fenothiocarbe
Fenpyroximate
Fensulfothion
Fenuron
Fipronil sulfone
Fluazinam
Flufenacet
Fluometuron
Fluopicolide
Fluoxastrobin
Flupyrsulfuron methyl
Fluridone
Flurtamone
Flusilazole
Fluxapyroxad
Foramsulfuron
Formetanate
Fosthiazate
Fuberidazole
Halosulfuron methyl
Hexaconazole
Hexaflumuron
Hexazinone
Hexythiazox
Hydroxypropazine
Imazapyr
Imazaquin
Imidacloprid

245T Fenoprop
Aldicarbe
Atrazine desisopropyl
Bentazone
Benzafibrate
Brodifacoum
Bromadiolone
Butyl paraben
Chloroxuron
Clofentezine
Clorsulon
Closantel

Cyprosulfamide
Fenarimol
Cyromazine
Fenoxycarb
Desethyl terbutylazine 2-0H Flazasulfuron
Desmedipham
Florasulam
Dia2hydroxy
Flufenacet oa
Dichlorprop-P
Fluroxypyr
Diclofenac
Fomesafen
Dimetachlore oa
Forchlorfenuron
Epitestosterone
Haloxyfop
Ethoxysulfuron
Haloxvfop methyl
Ethyl paraben
Imazalil

2,4-D

Dea 2 hydroxy

Ioxynil
IPPMU
IPPU
Iprovalicarb
Isoprothiolane
Isoproturon
Isoxaben
Lufenuron
Malaoxon
Malathion
Mandipropamid
Mecarbam
Mefluidide
Mercaptodimethur
Metabenzthiazuron
Metalaxyl
Metazachlor
Metconazole
Methomyl
Metobromuron
Metolachlore
Metosulam
Metoxuron
Metribuzin
Metropolol
Metsulfuron methyl
Monolinuron
Monuron
Myclobutanil
Neburon
Nicosulfuron
Oruface
Oryzalin

Oxamyl
Oxasulfuron
Oxazepam
Oxydemeton methyl
Paclobutrazol
Penconazole
Penoxsulam
Phosphamidon
Pinoxaden
Pirimicarb
Pirimicarb desmethyl
Pirimicarb II
Prochloraz
Progesterone
Promecarb
Prometryn
Propachlore
Propazine
Propiconazole
Propoxur
Propoxycarbazone
Propyl paraben
Proquinazid
Prosulfuron
Pyrazophos
Pyrifenox
Pyrimethanil
Pyroxsulam
Quizalofop ethyl
Rimsulfuron
Rotenone
Sebuthylazine
Siduron

Simazine
Simazine hydroxy
Simetryn
Spirotetramat
Sulfometuron methyl
Sulfosulfuron
Tebuconazole
Tebufenoside
Tebutam
Tebuthiuron
Teflubenzuron
Tepraloxydim
Terbumeton
Terbumeton desethyl
Terbuthylazine
Terbuthylazine desethyl
Terbuthylazine hydroxy
Tetraconazole
Thiabendazole
Thiacloprid
Thiazafluron
Thiobencarb
Thiophanate methyl
Triadimefon
Triazamate
Tribenuron methyl
Trietazine
Trietazine-2-OH
Triflumizole
Trimetoprime
Trinexapac ethyl
Triticonazole
Vamidothion

Metazachlor oa
Methidathion
Oxadixyl
Paraoxon
Phenmedipham
Phoxim
Propamocarb
Propanolol
Propyzamide
Prothioconazole
Pymetrozine

Quizalofop
Roxythromycine
Tembotrione
Testosterone
Thiencarbazone methyl
Thiodicarb
Tolytriazole
Triasulfuron
Triazoxide
Triclopyr
Trietazine desethyl
Tylosine

Titrosulfuron

Triflumuron

Compounds with LOQ at 10 ng/L
Imazamox
Imazofulfuron
Iodosulfuron methyl
Isoprocarb
Isoxadifen ethyl
Lorazepam
MCPA
MCPP
Medroxyprogesterone
Mesosulfuron methyl
Metamitron

Compounds with LOQ at 25 ng/L
Fluquinconazole

Linuron

Table 1: Limit of quantification in ng/L for each compound

Performance evaluation

Conclusion

Repeatability was determined at
the low level of concentration for
each water with three injections.
Regardless of the water matrix,
the repeatability was less than
15 % for all 272 targeted compounds.

Shimadzu offers a unique, automated and sensitive method to
quantify a large number of pesticides in water. Limits of quantification range from 1 to 25 ng/L
with 1 mL sample injection.
Recovery rates ranging from 85 115 %, while repeatability is less
than 15 % for the full list. Finally,
this method is appropriate for
thresholds of the actual normative
environment such as the DWD,

The results obtained showed
recovery rates from 85 to 115 %
for the calibration standards and
the control samples.
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and a perfect example of a chromatographic method in combination with mass spectrometry as a
powerful, user-friendly and timesaving method meeting the users’
needs.

for the new anion suppressor ion
chromatograph HIC-ESP.
Biosolve is a trademark of BioSolve ®
Company (TBC)
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