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Honey is a ‘natural product’ and EU regulates honey under the Council Directive 2001/110/EC.
According to the European Union (EU); the food Codex Alimentarius and various other
international honey standards - honey stipulates a pure product that does not allow for the addition
of any other substance. Honey bees fly two to three miles from their hive to find sources of food
(nectar and pollen). They will usually forage during daylight. Pollen and nectar are collected from
certain flowering plants, carried back to the hive, stored in wax cells, and used as a protein-rich food
source for the colony members. Bees may be killed while foraging on blooming plants that have
been treated by certain pesticides. The greatest hazard, however, is from insecticides, such as
carbaryl (Sevin), Methyl parathion (Penncap-M) and others that may be unintentionally carried with
pollen back to the hive. Some of these pesticides are not stable in the environment or metabolised to
different forms and this is probably the main reason why they were detected rarely and at lower
concentrations in beehive products. Therefore, identification and confirmation of metabolites of
pesticides in honey matrix are also equally relevant. Mass spectrometry technique based on nominal
mass is proposed for the screening and identification of metabolites while high resolution mass
spectrometry can be effectively used for confirmation of identified metabolites. This study intended
to design a workflow in order to Identify and confirm major metabolites/degradation products of
pesticides used/ significant in apiculture namely carbaryl in honey matrix. By Nominal mass and
accurate mass LC-MS/MS, 3 degradation products of carbaryl is identified and their structural
relationship with carbaryl is established by comparing the fragmentation pattern.

Copyright © Prasanth, J., Vincy M. V and Brilliant R, 2017, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided

the original work is properly cited.

INTRODUCTION

their residue amounts in foods to prevent harmful effects on
animals, human and the environment (Abad et al., 1999; Rawn

Carbamate insecticides, such as carbaryl (1-naphthyl-
Nmethylcarbamate), are highly toxic, have a wide range of
activity, and comprise a major portion of pesticides used in the
agriculture industry. The ester bond between N-methyl
carbamic acid and 1-naphthol is responsible for carbaryl
toxicity (Soriana et al., 2001). The increasing use of carbamate
pesticides poses a risk to apiculture and human environment.
Carbamate pesticides began to replace organochlorine such as
DDT and organo phosphorous pesticides, due to their low
environmental persistence and low toxic effects on
mammalians (Fernandez et al., 2000; Petropoulou et al., 2006).
Carbamates are competitive inhibitors of neuronal nicotinic
acetylcholine receptors and acetylcholinesterase (Zhang et al.,
2006; Smulders et al., 2003). Thus, it is necessary to quantify

*Corresponding author: Vincy M. V

et al., 2006; Rawn et al., 2006; Cabras et al., 1992; Inthavong
and Bordet, 2002).

Honey, a natural product of bees, is composed mainly of
monosaccharides and oligosaccharides, totaling 77%, with
glucose and fructose having average contents of 30% and 38%,
respectively (Kujawski and Namiesnik, 2008). In many types
of honeys, over 300 substances belonging to several chemical
groups have been identified, such as phenolic acids, flavonoids
and amino acids (Pyrzynska and Biesaga, 2009; Yao et al.,
2004; Hermosin et al., 2003). Honey composition is highly
influenced by the types of flowers used by the bees as well as
regional and climatic conditions (Ajlouni and Sujirapinyokul,
2010). Quality of honey is directly related to its floral origin
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and the region of production (Bogdanov, 2006). Its quality
control is performed to monitor residues (Luo et al., 2004).
Residues of pesticides have been found in apiarian products
(Pirard et al., 2007; Ravoet et al., 2015); thus it is convenient to
develop methods to evaluate their presence. Pesticides protect
agricultural crops, but over use and in correct use can pose
risks to human health and the environment (Caldas et al., 2009;
Zanella et al., 2008). Even if small amounts of pesticide
residues remain in the food supply, they constitute a potential
risk for the human health because of their sub-acute and
chronic toxicity (Mukherjee, 2009; Rissato et al., 2006).
According to the Directive 96/23/EC, it is necessary to research
N-methylcarbamate pesticide residues in honey (Anonymous,
1996).

The application of MS in combination with chromatography
[GC or liquid chromatography (LC)] has been well recognized
as the “gold standard” for both quantification and semi
quantitative screening of food contaminants, such as pesticides
(Alder et al., 2006). Although GC-MS continues to be used in
the analyses of volatile, moderate to non-polar small molecules
(e.g. PCBs, dioxins, other halogenated aromatic compounds
and many pesticides), recent developments in both LC and MS
have resulted in very powerful instrumentation for sensitive
and selective determination of other more polar or ionic
contaminants at trace levels in food (Malik et al., 2010;
O’Mahony et al., 2013) including veterinary medicines (Le
Bizec et al., 2009; Bogialli and Di Corcia, 2009), pesticides
(Fernandez-Alba et al., 2008; Botitsi et al., 2011), toxins
(Suzuki and Quilliam, 2011; Capriotti et al., 2012) and so-
called “emerging contaminants” (Farre and Barcelo, 2013).
Holcapek et al. (2012) recently reviewed developments in LC-
MS over the past decade including a helpful overview of the
different mass analyzers available, many of which have been
applied to the analysis of food contaminants by LC-MS
(Grimalt et al., 2010; Kaufmann et al., 2010; 2011).

Totti et al. (2006) developed a method based on matrix solid
phase dispersion (MSPD) using C18 as dispersant and
dichloromethane-methanol as eluent and liquid
chromatography-atmospheric pressure chemical ionization-
mass spectrometry (LC-APCI-MS) for the simultaneous
determination of imidacloprid, 6-chloronicotinic acid, adicarb,
adicarb sulfoxide and adicarb sulfone in honey bees. Screening
with LC-MS-Q-Orbitrap or LC-MS-Q-ToF gives the analyst
the possibility to get a fast overview of the status of samples.
These systems allow obtaining accurate mass spectra and, in
addition, MS/MS experiments as in triple quadrupole (QQQ)
instruments. The most important difference to classical LC-
MS/MS (QQQ) is that the number of analytes is not limited, in
principle (Lippold et al., 2016). In the present pilot study, a
comprehensive residue screening of honey samples were
performed in order to determine the forced degradation of
carbaryl and its degradation products followed by analysis with
nominal and accurate mass LC-MS/MS system.

MATERIALS
Chemicals and Reagents
Standard  solution of carbaryl (1-Naphthyl-N-methyl

carbamate) Pestanal analytical grade standard (CAS no. 63-25-
2) was procured from Sigma Aldrich. Working standard
solution of concentration 10 mg/l of carbaryl was prepared by

diluting the stock in Acetonitrile. Working standard solution is
stored in the refrigerator at 4°C and has a stability of at least 3

months.
O
D)—L N /C H 3
H

Fig 1 Structure of carbaryl

Ammonium hydroxide, 30% ACS reagent and 1M HCI,
Ammonium acetate, reagent grade were purchased from Sigma
Aldrich. 50% H,0, solution was acquired from Vetec. LCMS
grade Acetonitrile, Chromasolv was procured from Fluka.

Sample collection and preparation

Honey samples were collected from natural sources, teak and
mango plantations of Wayanad district, Kerala, India. This
sample is locally collected by the tribal community of
Wayanad. The honey samples mainly consisted of Larger Bee
Honey. Sample extraction and clean up were performed as
proposed by Rissato et al. (2006) and Pittella (2009). Sample
collected has light brown color and was very viscous in nature,
but found no cane sugar or jaggery when kept for settling.

Forced degradation

Weighed about 1.0 g of honey sample into a 10 ml of
volumetric flask and made up to the volume with deionized
water. 1.0 ml of the made up solution was transferred to a 25
ml volumetric flask. The sample was spiked at 100 ppb level
with 0.1 ml of 10 ppm carbaryl standard solution. 400 pl of 1N
HCI and 400 pl of 50% H,O, were added to moisten the
sample. The flask was kept on benchtop for 4 hours in ice cold
conditions. After 4 hours, the sample was neutralized with 400
pl of 5N ammonium hydroxide. It is then made up to the
volume with Acetonitrile. A blank solution was also prepared
by keeping all similar conditions without spiking with carbaryl.
Sample was then filtered through a 0.45 pum syringe filter and
transferred to 2 ml HPLC vial for injection to LCMS system.

Instrumentation
Chromatographic conditions

An Agilent 1290 infinity UHPLC system installed with a
reverse phase C18 column (Ascentis express column of
dimension 15 x 4.6 mm, 2.7 um) procured from Suppelco was
used for the separation of various components of the prepared
sample. 10 mM ammonium acetate in deionized water was
used as Mobile phase A and Acetonitrile as Mobile phase B. A
gradient elution with a flow rate of 1 ml/minute was set up for
the elution. Time O minutes to 7 minutes the mobile phase B
ratio changes from 7% to 45 %. At 15 minutes % B increased
to 62%. From 17.5 minutes and 20 minutes the % B was kept
constant at 85%. Composition changed to (90:10) at 25
minutes. In 30 minutes, the composition changed to the initial
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composition. Column was kept at a constant temperature of
45°C. 10.0 pl was injected to the LCMS system for analysis.

Mass spectrometric parameters

Agilent triple quad 6470 LCMS system coupled to Agilent
UHPLC 1290 infinity 1l was used for collecting the initial data.
Triple quad system provided the nominal mass data.
Fragmentation pattern of carbaryl was generated by optimizing
the collision energy. A Fragmentor voltage of 100 V and
collision energy of 12.0 V was used for generation of parent
mass scan and product ion scan in 6470 QQQ LCMS system.
Each major fragments of carbaryl was taken into account and
performed precursor ion scan in order to identify the
structurally related compounds or metabolites of carbaryl.
Further analysis was carried out by high resolution accurate
mass 6530 QTOF system from Agilent technologies. Both MS
systems were operated in electrospray ionization mode with
positive polarity. Mass range of TOF MS was kept between
100 Da to 1200 Da whereas the TOF MS/MS mass rage was
kept from 50 Da to 1200 Da. Three different collision energies
were kept for the fragmentation in QTOF System.
Simultaneous on the fly acquisition of both TOF MS and TOF
MS/MS data are acquired by the Auto MS/MS option available
at MassHunter acquisition software for QTOF system.
MassHunter Qualitative software has the capability to provide
both average fragmentation patterns of all three collision
energies and with individual collision energy. Agilent High
resolution mass spectrometry 6530 QTOF system was utilized
in order to confirm the mass and possible elemental
composition of identified masses corresponds to UV
chromatogram. All the potential compounds were identified by
the powerful data mining option “Find by Auto MS/MS”
available with MassHunter Qualitative software.

RESULTS AND DISCUSSION

Identification of degradation products of carbaryl

Honeybees are known to be very sensitive to even a single
exposure of carbamate (Akca et al., 2009; Hardstone and Scott,
2010). UV analysis at 254 nm was conducted and found many
UV peaks other than the peak of the carbaryl. Initial scanning
of masses in the sample was performed by Parent ion scan
(MS2 scan) of the sample. Additional data was generated with
the help of precursor ion scan and the neutral loss scan of the
triple quad instrument and found structurally related
compounds. ldentification of the accurate masses of these
compounds was conducted with the help of high resolution
mass spectrometry.
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Fig 2 description is “‘UV profile of honey sample having degraded
compound, Carbaryl

The preliminary scan showed three major m/z other than
carbaryl in ESI POS ionization mode. Carbaryl mass was
accurately measured as m/z: 202.0864 with a mass accuracy of
0.99 ppm. The extracted ion chromatogram of carbaryl showed
that the compound was eluting at 15.795 minutes.
Fragmentation pattern of carbaryl was simultaneously
generated by Auto MS/MS workflow (Fig. 2)

Based on accurate mass, isotopic pattern with its abundance
and spacing, possible elemental composition was calculated
with the help of Molecular Feature Correlator (MFE) feature of
Agilent MassHunter Qualitative software. The predicted
elemental composition is found to be the actual molecular
formula of carbaryl with an overall score of 97.27 which
provided confidence in the accuracy of mass analysis. (Fig.3,
Fig.4).
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Fig 3 description is Extraction ion chromatogram of Carbaryl showing

elution at 15.796 min
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Fig 4 Isotopic distribution of carbaryl
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Fragmentation pattern of carbaryl was generated at three
different collision energies however, collision energy 12 found
to be the optimum for carbaryl molecule. The major fragments
of carbaryl were m/z: 145.0644, 127.0534, 117.0696, 115.0554
and 58.0294 at this collision energy (Fig 5).
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Fig 5 Fragmentation pattern of carbaryl

The possible formula and structures of parent molecule,
carbaryl and its fragments were predicted with the help of
Molecular structure correlator (MSC) feature of MassHunter
software. Based on the accurate mass of both TOF MS and
TOF MS/MS, MSC facilitate the data base search in various
databases such as Chemspider, Pubchem, Metlin etc. MSC also
correlate the experimental fragmentation pattern of carbaryl
and the Insilco fragments generated from the mol file of
carbaryl. The structure of fragments m/z: 145.0644, 127.0534,
and117.0696 predicted by MSC are given below (Fig 6).

One structure each was predicted for first two fragments where
as two possible structures were predicted for the rest of the
fragment, m/z: 117.0696.The predicted formula of the fragment
145.0664 was C;oHgO-H. The elemental composition C;oHg-H
was proposed for fragment m/z: 127.0534. For fragment m/z:
117.0696, the possible elemental composition is CoHio-H.

Degradation products

Preliminary scan revealed that there was m/z: 145.0, 163.0 and
104.1 as major masses other than the carbaryl mass. Accurate
masses of the same m/z were found to be 145.0495, 163.0601
and 104.1072 measured by QTOF. The extracted ion
chromatogram of all these three masses were showed that they
are eluting between 2.5 minutes at 2.7 minutes. The elemental
composition of C¢HgO4 was predicted for m/z: 145.0495 with
an overall score of 84.66. The mass accuracy for this
measurement was 0.23 ppm (Fig.7).

The red boxes in the mass spectrum represents in the
theoretical isotopic pattern whereas the black line in the middle
of this theoretical isotopic pattern represents the measured
mass. Measured isotopic intensity and isotopic spacing are also
found to be matching with the theoretical values (Fig.8, Fig.9).

A hydrolytic degradation mechanism has been proposed by
Sogorb et al. (2002). According to this pathway, carbaryl reacts
with tyrosine residues on rabbit serum albumin molecules to
yield 1-naphthol and carbamylated rabbit serum albumin.
Water molecules that attack the carbamylated complex,
releasing carbamic acid and free enzymes, the latter of which
was subjected to a new catalytic cycle.

Penalty=1.0 dM=1 3ppm FD.5-935 7 of 1 Penatty=2.0 dM=7.3ppm F.D.5.-96.9 1 Of 1
C10HE0=H  Score=893.5 C10H8-H  Score=855
O
Penalty=6.5 dM=4.1ppm F.D.5.=552 1 |= Of2 Penaltty=6.5 dM=4.1ppm F.D.5=992 1 = OF2
CSH10-H Score=84.8 CSH10-H Score=84.8
Fig 6 Structure of fragments predicted by MSC
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Fig 7 Details of CsHgO,, its elemental composition and its mass accuracy
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Fig 9 Fragmentation pattern of CsHgO,

The elemental composition of C¢H;,0s was predicted for m/z:
163.0601 with an overall score of 91.72. The mass accuracy for
this measurement was 0.13 ppm (Fig.10, Fig.11, Fig.12).
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Fig 10 Details of Cs H1Os, its elemental composition and its mass
accuracy
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Fig 11 Isotopic pattern of CsHgO,
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Fig 12 Fragmentation pattern of CgH100s

The elemental composition of CsH;3NO was predicted for mass
103.0999 with an overall score of 96.47. The mass accuracy for
this measurement was 2.16 ppm. Isotopes were also shown
good matching with the theoretical values (Fig.13, Fig.14,
Fig.15).
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Fig 13 Details of CsH13NO, its elemental composition and its mass
accuracy
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Fig 14 Isotopic pattern of CsH1sNO
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Fig 15 Fragmentation pattern of CsH13NO
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It is observed from the fragmentation pattern of the three
identified degradation products that some of the fragments of
these degradation products were matching with fragments of
carbaryl and hence they were structurally related compounds.
For example, fragmentation pattern of 145.0495 included
m/z:115, which was one of the fragments of carbaryl. Similar
way, fragmentation pattern of 104.1072 contained 58.0 and
fragmentation pattern of m/z: 163.0601 had 127.0 & 145.0 as
fragments.

CONCLUSION

The increasing use of carbamate pesticides poses a risk to
apiculture and human environment (Koc et al., 2008). Carbaryl
and its degradation products were studied by forced
degradation followed by analysis with nominal and accurate
mass LC-MS/MS system. Both organophosphorus and
carbamate insecticides are known to inhibit cholinesterase, the
enzyme that hydrolyses the neurotransmitter acetylcholine
(Sultatos, 2005). Honeybees are known to be very sensitive to
even a single exposure of carbamate (Akca et al., 2009;
Hardstone and Scott, 2010) and organophosphorus insecticides
(Hardstone and Scott, 2010; Abrol and Andotra, 2003), which
result in high mortality within 24 h after exposure. The LDsg
for topical exposure to dimethoate, chlorpyrifos, and carbaryl
in honeybees were determined to be 22.4, 35.4, and 42.8 vg per
bee (Abrol and Andotra, 2003), which corresponded to
approximately 862, 1362, and 1646 pg kg ' in bee food,
respectively. Possible elemental composition of masses
identified were calculated by considering the accurate masses
of parent masses and its fragments, isotopic pattern, intensity of
isotopes and isotopic spacing. Structural relationship of
carbaryl and its degraded products were established by
comparing fragmentation patterns as they have common
fragments.
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