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ABSTRACT

Honey is considered by people as an important food, included in diets
and used in the treatment of many diseases. Contamination of honey
with harmful compounds can render it unsafe, as honey is known to
naturally contain pesticides. These pests are transmitted to honey by
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causes different diseases. Therefore, the concentration of naphthalene Honey
in honey should not exceed a certain limit. For the determination of Naphthal
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this, many different analysis methods are developed and applied. In this HS-GC/MS
study, the naphthalene concentration of honey from Bingdl province and Gas chromatography
its districts, one of the important beekeeping centers in Tirkiye, was Headspace
determined by a new HS-GC/MS method that does not require sample
preparation. No naphthalene concentration was detected in eight
different honey samples. A concentration of 0.5 pg kg-! was used as the
detection limit. The fact that naphthalene concentration was not
detected in kinds of honey from Bing6l province indicates that
beekeepers do not use naphthalene and that naphthalene is not
contaminated by environmental factors.
Baldaki Naftalin Konsantrasyonunun Yeni Bir Yéntemle HS-GC/MS (Headspace-Gaz
Kromatografisi/Kiitle Spektrometresi) ile Belirlenmesi
OZET Biyokimya
Bal, insanlar tarafindan 6nemli bir gida olarak goriillmekte, diyetlerde
yer almakta ve bircok hastaligin tedavisinde kullanilmaktadir. Sifa Aragtirma Makalesi
kaynagi olan bala zararli bilesenlerin bulagsmasi bali zararli hale
getirebilir; zira balda pestisitlerin bulundugu bilinmektedir. Bu Makale Tarihgesi
zararhlar cevresel kogullar veya yanlis aricilik uygulamalar: ile bala Gelig Tarihi  :29.01.2024

bulagsmaktadir. Naftalin, aricilar tarafindan peteklerin giive tutmasini Kabul Tarihi :06.03.2024

onlemek icin kullanilmaktadir. Kanserojen 6zellige sahip olan naftalin,

farkli hastaliklara da neden olmaktadir. Bu nedenle baldaki naftalin
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konsantrasyonunun belirli bir sinir1 agmamasi1 gerekmektedir. Bunun Bal

tespiti i¢in  bircok farklh analiz yontemi gelistirilmekte ve Naftalin
uygulanmaktadir. Bu c¢alismada, Turkiye'nin oOnemli aricihik HS-GC/MS
merkezlerinden biri olan Bingdl ili ve ilgelerinden elde edilen ballarin Gaz Kromatografisi
naftalin konsantrasyonu, numune hazirlama gerektirmeyen yeni bir Headspace

HS-GC/MS yontemi ile belirlenmigtir. Sekiz farkli bal 6rneginde
naftalin konsantrasyonu tespit edilmemistir. Tespit limiti olarak 0.5 pg
kg-1"lik bir konsantrasyon kullanilmistir. Bing6l ilinden gelen ballarda
naftalin konsantrasyonunun tespit edilmemis olmasi, aricilarin naftalin
kullanmadigin1 ve naftalinin ¢evresel faktorlerle kontamine olmadigini
gostermektedir.
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INTRODUCTION

Honey, created because of bees collecting plant pollen
and reacting it with their enzymes, has been a very
important food source throughout human history
(Izol, 2023a; 1zol et al., 2021). Honey consumed as a
source of healing contains rich bioactive components
and shows extensive biological activities (Izol et al.,
2023; Yapiaa et al, 2023). Honey is used for
therapeutic purposes in functional and modern
medicine (Izol, 2023b). However, honey, which is a
source of healing, becomes harmful when it contains
chemical residues such as pesticides (Turhan & Izol,
2023; Karakas, 2022). Honey can be contaminated
with polycyclic aromatic hydrocarbons from a variety
of sources, such as forest fires, stubble burning, and
industrial plants near apiaries, because of poor
practices by beekeepers (Izol, 2023c). The widespread
use of insecticides, fungicides, and acaricides in
agricultural practices to control pests and bee
diseases in beehives increases the possibility of direct
or indirect contamination of honey.

H H

CioHg
Figure 1. Chemical structure of naphthalene
Sekil 1. Naftalinin kimyasal yapis1

Naphthalene is used by beekeepers as a wax moth
control agent, leaving residues on bees and bee
products such as beeswax and honey (Bogdanov et al.,
2004). Naphthalene is an important chemical that
renders honey harmful (Topdemir et al., 2024).
Naphthalene is a polycyclic aromatic hydrocarbon
with the chemical structure CioHs. Naphthalene,
whose chemical structure is shown in Figure 1, is a
carcinogenic substance and has been found to cause
many different types of cancer. It has also been found

Table 1. Locations and altitudes where honey samples wer

to cause nervous system disorders and liver damage
in cases of ingestion, skin contact, and inhalation
(Yost et al. 2021).

For this reason, the concentration of naphthalene in
honey should be at a limit that does not harm human
health or is not present at all. For this purpose, the
naphthalene concentration of honey should be
determined continuously, and the results should not
exceed the upper limits specified by international
organizations.

In this study, naphthalene concentrations of honey
obtained from Bingél province and districts, one of the
important beekeeping centers of Tirkiye, were
determined by HS-GC/MS using a new method.

MATERIAL and METHOD
Chemicals

The naphthalene (molecular weight:128) standard,
naphthalene-D8 (molecular weight:136) internal
standard, and methanol used in the analysis process
were obtained from Sigma Aldrich.

Localities where honey samples were collected

Honey samples were provided by beekeepers from all
districts, including Bingél Center. The villages and
altitudes from which the honey was obtained are
given in Table 1.

HS-GC/MS device data and analytical parameters

Experimental conditions and analytical parameters
for the analysis are given in Tables 2 to 4.

Determination of naphthalene concentration in honey
by HS-GC/MS

The determination of naphthalene concentration in
honey was carried out based on a quantitative
determination by HS-GC/MS. In this method, the
naphthalene mass is determined based on the mass of
the naphthalene-D8 internal standard. The samples
are vaporized by heating in the headspace unit, and
the vaporized molecules are sent to the GC column
with the headspace needle, and the mass of
naphthalene is determined by the MS detector.

e obtained

Cizelge 1. Bal érneklerinin elde edildigi yerler ve rakimlar

District Collected Work Area (Village) Altitude (m)
Bingol Center Emtag 1661
Adaklh Hasbaglar 1788
Geng Saggoze 1725
Karhova Halifan 1793
Kigi Cicektepe 1599
Solhan Serafettin 2549
Yayladere Gokcedal 1623
Yedisu Elmal 1789
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Table 2. GC Parameters
Cizelge 2. GC Parametreleri

Parameters Specifications

Gas Chromatograph PerkinElmer Clarus 690

Oven 35 °C for min, then 6 °C/min to 245 °C
Column 30 m, 0.25 mm, 0.25 pm Elite-WAX
Carrier Gas Helium at 2.0 mL/min

Injector A

Software TurbaMass Ver. 6.1.2

Library NIST

Table 3. MS Parameters

Cizelge 3. MS Parametreleri

Parameters Specifications

Mass Spectrometer

PerkinElmer Clarus SQ 8T

Scan Range

35 to 250 Daltons

Scan Time 0.1s
Interscan Delay 0.06 s

Inlet Line Temp 200 °C

Source Temp 180 °C
Multiplier 1700 V
Tonization El+

Table 4. HS Trap Parameters

Cizelge 4. HS Trap Parametreleri

Parameters Specifications
Headspace System PerkinElmer TurboMatrix 40 HS Trap
Needle 120 °C

Transfer Line

140 °C, long, 0.25 mm i.d. fused silica

Vial Equilibration

90 °C for 10 min

Carrier Gas Helium
GC Cycles 15 min
Column 20 psi
Inject 20 psi
Dry Purge 10 min
Oven 90 °C

First of all, the HS-GC/MS device was prepared
according to the conditions specified in Tables 2 and
4. Then the calibration graph was plotted according to
the established method. In the calibration graph, six
different concentrations of naphthalene were used:
0.5, 1, 5, 10, 25, and 50 (ug kg?!). Naphthalene
solutions of six different concentrations were added to
20 mL headspace wvials containing 1 g of honey,
respectively. Naphthalene-D8 standard prepared at a
concentration of 10 mg/kg was added to the vials in a
volume of 30 uL, and the sealed vials were placed in a
headspace autosampler. The analysis was started by
typing the sequence information from the device
software, and the calibration graph was generated.
The calibration graph is given in Figure 2. In the
calibration graph, the rZ value was found to be 0.9959
and the calibration curve: was 0.950780 * x +
0.289365. The limit of detection (LOD) was calculated
as 0.5 pg kgt

For naphthalene analysis of honey samples, 1 g of
each sample was weighed into a different vial, and 30
uL of naphthalene-D8 standard at a concentration of

10 mg kg! was added to all vials. The vials were
sealed, placed in headspace autosamplers, and
analyzed by writing down the sequence information.
The results were calculated according to the
calibration graph. Methanol was used as a solvent in
all solutions prepared.

RESULTS and DISCUSSION

Naphthalene concentration in honey Results by HS-
GC/MS

The results of the naphthalene concentrations of
honey obtained from Bing6l province and its districts
by HS-GC/MS are given in Table 5.

The naphthalene concentration in all honey samples
was below the limit of quantification (LOQ) and could
not be detected. Naphthalene and naphthalene-D8
chromatograms of honey samples are shown in
Figures 3 to 10.

The appearance of a naphthalene peak in the
chromatograms indicates the presence of naphthalene
well below the detection limit of 0.5 pug kg
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Naphthalene i1s a polycyclic aromatic hydrocarbon.
Natural sources of naphthalene include burning
biomass and fossil fuels like coal tar and petroleum
(Yost et al.,, 2021). The production of chemical
intermediates (such as phthalic anhydrides), dyes,

surfactants, leather tanning agents, dispersants,
pesticides, resins, and solvents are the main
industrial applications of naphthalene. Many

consumer products that contain naphthalene are
moth repellents and blocks of toilet deodorant
(Turhan & Izol, 2023; Yost et al., 2021).

Animal studies and human case studies have
provided most of the evidence linking naphthalene
exposure to cancer and non-cancer health problems.
Over the past ten years, hundreds of researches
pertinent to the health impacts and mechanisms of
naphthalene exposure have been published,
contributing to the growing body of scientific
literature defining naphthalene toxicity (U.S. EPA,
2021). Studies on rats have shown that exposure to
naphthalene causes different types of cancer and
some respiratory disorders. Studies have shown that
naphthalene also causes hemolytic anemia (NTP,
20186).

Tablo 5. Naphthalene concentration results of honey samples
Cizelge 6. Bal érneklerinin naftalin konsantrasyon sonuglari

Honey Samples Retention Time (RT) Concentration (ug kg
Bingol Center 7.77:6 N.D.
Adakl 7.77:2 N.D.
Geng 7.78;6 N.D.
Karhova 7.78;9 N.D.
Kig 7.78:16 N.D.
Solhan 7.78;12 N.D.
Yayladere 7.77:11 N.D.
Yedisu 7.78;11 N.D.

N.D.: Not Detected. Retention time is given in minutes. seconds; salisse
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Figure 3. Naphthalene HS-GC/MS chromatogram of Bing6l center honey
Sekil 3. Bingol merkez balinin naftalin HS-GC/MS kromatogrami
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Figure 4. Naphthalene HS-GC/MS chromatogram of Adakli honey
Sekil 4. Adakli balinin naftalin HS-GC/MS kromatogrami

2 ZIR of 2 Channeis El+
TIEAMETIIS 135.00
9.58a5

Time
7.38 T.48 T.58 768 T.7E 7.88 798 B.08 §.18

GEng 2 SIR of 2 Channels EH+
. TTEEMAFTALIN 123.00
257
Arsa
A AN RV A Y A VA
L B R I L L LI B R BRI LI UL IULILIL LI I i A e L
7.38 748 7.58 768 7.78 7.58 7.38 £.08 5.18

Figure 5. Naphthalene HS-GC/MS chromatogram of Geng¢ honey
Sekil 5. Geng¢ balinin naftalin HS-GC/MS kromatogrami
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Figure 6. Naphthalene HS-GC/MS chromatogram of Karliova honey
Sekil 6. Karliova balinin naftalin HS-GC/MS kromatogrami.
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Flgure 7. Naphthalene HS-GC/MS chromatogram of Kig1 honey
Sekil 7. Kig1 balinin naftalin HS-GC/MS kromatogrami
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Flgure 8. Naphthalene HS-GC/MS chromatogram of Solhan honey
Sekil 8. Solhan balinin naftalin HS-GC/MS kromatogrami
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Figure 9. Naphthalene HS-GC/MS chromatogram of Yayladere honey
Sekil 9. Yayladere balinin naftalin HS-GC/MS kromatogrami
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Figure 10. Naphthalene HS-GC/MS chromatogram of Yedisu honey
Sekil 10. Yedisu balinin naftalin HS-GC/MS kromatogrami

Beekeeping methods and environmental factors are
two examples of the many ways that bee products can
get polluted. The primary risk of direct contamination
of honey products, however, is beekeeping methods,
particularly the use of chemicals like naphthalene
inside the hives to protect honeybee combs from wax
moths. These substances are dangerous volatile
organic compounds, and prolonged exposure to them
can have negative effects on the neurological system,
kidney, heart, lung, and blood cells (Seidi et al., 2020;
Aggrawal, 2006). Naphthalene has been used in many
countries to reduce the effects of the Galleria
mellonella pest on honeycombs (Koltsakidou et al.,
2015). However, because of scientific studies,
naphthalene was found to be harmful, and therefore
many countries banned the use of naphthalene in
honeycombs. However, some beekeepers have
continued this habit. For this reason, many countries
specify in their food codex honey communiqués the
highest limit of naphthalene concentration in honey
and report that honey exceeding these limits is not
suitable for consumption. A value intended to give an
exposure limit at which some protection to human
health can be assumed is referred to as a "reference
value." The most popular result of the dose-response
assessment part of the National Research Council's
risk assessment paradigm is reference values (NRC,
2009). A maximum residue limit of 10 pg/kg of
naphthalene has been set by the European Union
(EU) and Switzerland for food samples such as honey.
In the Turkish Food Codex Honey Communiqué, the
highest concentration of naphthalene for honey is
accepted as 10 pg kg! (Anonymous, 2023). Numerous
tests carried out in many nations, including Greece,
Germany, and Switzerland, at various times, revealed
that a significant number of honey samples were
contaminated with naphthalene (Aggrawal, 2006).

Due to the harmful aspects of naphthalene, it is
necessary to monitor naphthalene concentrations in
significant and widely consumed foods, such as honey.

1101

So far, many papers have reported on the
measurement of trace amounts of polycyclic aromatic
hydrocarbons in different environmental, biological,
and food samples (Poster et al., 2006; Santos et al.,
2019; Bansal et al., 2017). These analytical
techniques include gas chromatography with mass
spectrometry (GC-MS) (Dobrinas et al, 2008),
headspace gas chromatography with  mass
spectrometry (HS-GC/MS), gas chromatography with
tandem mass spectrometry (GC-MS/MS) (Saitta et al.,
2017), gas chromatography with ultrasound-assisted
extraction (USAE)-GC/MS (Iwegbue et al., 2016), gas
chromatography with matrix solid-phase dispersion
(MSPD)-GC/MS  (Albero et al., 2003), gas
chromatography with flame ionization detection (GC-
FID) or ion trap mass spectrometry (GC-IT-MS)
(Russo et al., 2017), solidification of floating organic
droplet-based dispersive liquid-liquid microextraction

(SFOD-DLLME)-GC/MS (Fazaieli et al., 2020), and
solid  phase microextraction (SPME)-GC/MS
(Tananaki et al, 2005; Tsimeli et al., 2008;

Moniruzzaman et al., 2014; Bulut et al., 2014; Soria
et al., 2003; Wang et al., 2020; Al-Alam et al., 2017).
GC-MS techniques provide superiority over other
techniques in terms of short analysis time, accurate
and reliable results, advanced technology, and the
application of different analysis methods. For this
reason, it is the primary method, especially in the
analysis of volatile components (Moliner-Martinez et
al., 2015; Wang et al., 2014; Queiroz et al., 2019).

In this study, a method that can determine the
concentration of naphthalene in honey without any
extraction process has a short analysis time and high
accuracy using an internal standard was developed.

Research on the naphthalene content of honey in
Tirkiye started in the 2000s. In a study, naphthalene
concentration was investigated in 100 honey samples,
and the naphthalene concentration was found to be
1.13 pg kg! in only 1 honey sample. It was not
detected in other kinds of honey (Beyoglu & Omurag,
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2007). In the study in which 120 commercially
strained honey samples produced in different climatic
and geographical regions of Tirkiye and offered for
consumption in Ankara were analyzed for
naphthalene residues, naphthalene was detected in
11 honey samples. It was determined that the
concentration range of naphthalene in honey samples
was 1.1-6.2 pg kg'! (Sireli & Ulker, 2013). In another
study, the effect of 60 days of aeration on the residue
of naphthalene-treated foundation combs was
investigated, and as a result, it was determined that
there was a significant decrease in naphthalene
concentration at the end of the specified period
(Karacaoglu et al., 2012). In the study in which the
naphthalene concentration of 45 honey samples sold
in the Bursa province of Turkiye was determined,
naphthalene was not detected in honey samples using
the method with a detection limit of 2 nug kg!
(Tosunoglu, 2016). In the study in which naphthalene
was analyzed by the HS-SPME-GC/MS method,
naphthalene was detected in only one of the 30
different honey samples obtained from the
Mediterranean  region. The concentration of
naphthalene in the detected honey (8.76 ug kg!) was
below the maximum value of 10 pg kg. In addition,
the naphthalene concentration in two honey samples
was found to be below the detection limit in trace
amounts (Muku et al., 2019).

In the study in which the naphthalene concentration
of 90 strained honey samples obtained from different
provinces in the Mediterranean region was
investigated by GC/MS, naphthalene was detected in
only 1 honey sample. The determined naphthalene
concentration was 115.234 pg kg'!. Method validation
was also performed in this study (Gélge et al., 2017).
In the study in which naphthalene concentrations of
30 strained and 30 honeycomb honey were
determined by GC/MS, 3 honey samples were found to
be 3, 3.9, and 8.9 ug/kg below the naphthalene limit
value of 10 pg kg!in the Turkish Food Codex Honey
Communiqué. Naphthalene was not detected in other
honey samples (Cakar & Giiler, 2019). In a study
conducted in the UK, the concentration of
naphthalene in 49 different honey samples was
investigated. As a result of the study, naphthalene
was not detected in honey samples (Castle et al.,
2004). A new method for the detection of naphthalene
in honey was developed and optimized by SPME-
GC/MS. In the study, it was stated that salt addition,
extraction temperature, and analysis time are
important for the success of the method. In addition,
naphthalene was not detected in the studied kinds of
honey (Tsimeli et al., 2008). Similarly, in another
study, a new method was developed to indicate the
concentration of naphthalene in honey (Badertscher
et al.,, 2010). In a study conducted in Nigeria, the
concentration of 16 different polycyclic aromatic

1102

hydrocarbons collected from different parts of the
country was determined by GC-MS. In the study, 40
honey samples were used, and naphthalene was not
detected in the honey (22). In a study conducted in
Greece, 90 unifloral honey samples were investigated
for pesticide residues. Naphthalene was found at
traceable levels in about 79% of the honey samples.
However, 5.6% of them were above the limit value.
This indicates that the combs were contaminated. In
this study, it was also stated that naphthalene in
honey may be of plant origin, as naphthalene was
found in plants in the region studied (Harizanis et al.,
2008).

CONCLUSION

Honey is a significant food in the human diet. Honey
must therefore be free from foreign or harmful
substances. Naphthalene 1is wused to protect
honeycombs, but it is very harmful to human health.
Honey should therefore be analyzed regularly and
should not be consumed if it contains more harmful
components than the set limits. This is why new
methods are being developed to analyze mothballs in
honey. In this study, the naphthalene concentration
of honey from Bingoél province and its districts, one of
the important beekeeping centers in Turkiye, was
determined using a new HS-GC/MS method. Eight
different honey samples were investigated, and no
naphthalene was detected. With this study, a new
method was introduced to the world of science. The
most significant feature that distinguishes this
method from other methods is that it does not require
any sample preparation or extraction. As a result of
this study, because of scientific studies and pieces of
training given to beekeepers, it has been observed
that mothballs used for the protection of honeycombs
are rarely used anymore.
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