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a b s t r a c t

A new methodology for the retrospective screening of pesticide metabolites in ambient air was devel-
oped, using liquid chromatography coupled to Orbitrap high-resolution mass spectrometry (UHPLC-
HRMS), including two systematic workflows (i) post-run target screening (suspect screening) and (ii)
non-target screening. An accurate-mass database was built and used for the post-run screening analysis.
The database contained 240 pesticide metabolites found in different matrixes such as air, soil, water,
plants, animals and humans. For non-target analysis, a “fragmentation-degradation” relationship strat-
egy was selected. The proposed methodology was applied to 31 air samples (PM10) collected in the
Valencian Region (Spain). In the post-target analysis 34 metabolites were identified, of which 11 (3-
ketocarburan, carbofuran-7-phenol, carbendazim, desmethylisoproturon, ethiofencarb-sulfoxide, ma-
laoxon, methiocarb-sulfoxide, N-(2-ethyl-6-methylphenyl)-L-alanine, omethoate, 2-hydroxy-terbuthy-
lazine, and THPAM) were confirmed using analytical standards. The semiquantitative estimated con-
centration ranged between 6.78 and 198.31 pg m�3. Likewise, two unknown degradation products of
malaoxon and fenhexamid were elucidated in the non-target screening.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

A wide variety of pesticides can be applied in agriculture and
their use depends on a range of factors including the specific pest
and crop of interest. During 2010, about 208.000 tonnes of pesti-
cide-active ingredients were used in Europe (EU-15) [1] and more
than 300 active substances are nowadays authorised by the Eur-
opean Union for their application on various crops according to the
Regulation (EC) 1107/2009 [2].

Following application, pesticides are partitioned among soil,
water and the atmosphere, and a deep concern has been expressed
for the possible effects of the active substances and their meta-
bolites on human health and the environment. Once released in
the environment, pesticides are susceptible of biological and
chemical degradation, which may result in the formation of a
range of different compounds, commonly termed “metabolites”
(this includes biological metabolites, transformation and

degradation products, reaction products). Once formed in a spe-
cific compartment (e.g. soil) where pesticides undergo transfor-
mations that give place to a wide pattern of metabolites, these can
move to other compartments such as groundwater or air. Gen-
erally, metabolites show lower toxicity than the parent compound,
however, in some instances metabolites are more toxic, or hold
certain biological activity (relevant metabolites), such as oxygen
analogs (oxons) in air samples [3]. Like the original molecules,
metabolites and their transformation products can also be present
in the atmosphere. The presence of pesticide metabolites in the
atmosphere could be linked to the chemical degradation of parent
compounds in air and to volatilization or wind erosion of meta-
bolites formed in soil or water.

All this may add up to a large number of compounds entering
the atmosphere, and it is interesting to note that unlike in water,
soil and food, not many of all possible metabolites have been
monitored in air, and that there is a very scarce knowledge related
with their occurrence, fate and impact, showing that there is a
need for more studies in these fields [4–6].

Triple quadrupole (QqQ) based mass spectrometers coupled to
gas and liquid chromatographs are the most important analysers
used for multiresidue pesticide analysis. This is because of their
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excellent quantitation and identification properties for a group of
target compounds. However, these instruments have certain lim-
itations: they require acquisition parameter optimization for each
analyzed compound, the number of analyzed compounds is limited,
only compounds from a target list can be detected and retrospective
data analysis is impossible [7]. Consequently, these techniques are
“blind” to any compound present in the sample but not included in
the list of monitored analytes. As an alternative, the use of liquid
chromatography coupled to high resolution mass spectrometry (LC-
HRMS) has an increasing use in this field. The main advantage of LC-
HRMS, such as TOF and Orbitrap, is that enables the acquisition of

unlimited number of species by means of accurate mass measure-
ments (1–5 ppm) combined with high resolving power (25000–
50000 FWHM) [8,9]. On the other hand, LC-HRMS could achieve
similar sensibility than multi-residue methods developed for the
analysis of pesticides using LC-MS/MS [10,11].

In a previous paper we worked on a LC-HRMS strategy mainly
focused on the parent pesticides [11]. In this paper, we developed
an analytical strategy for retrospective screening analysis of pes-
ticide metabolites (transformation products) in ambient air, based
on a comprehensive database containing about 240 metabolites
(suspect screening) and in the use of the “fragmentation-

Table 1
Pesticide metabolites identified and confirmed with standards in the for post-run target screening (suspected screening) (n¼31).
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