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Summary. The present study investigated the effect of extremely low frequency electromagnetic fields
(ELF - EMFs) from high voltage power line on the antioxidant balance and inducible volatile emis-
sions of Pinus sylvestris L. needles. The samples were collected from pines just below power line (PO,
50.66 mG) and 10 meter away from same power line. They were then categorized as PO (just below pow-
er line) and 10 meter away from the same power line (P10, 6.30 mG). ELF - EMFs inhibited superox-
ide dismutase (SOD), catalase (CAT), and peroxidase (POX), but increased hydrogen peroxide (H,O,)
and malondialdehyde (MDA) contents in needles of PO plants. Therefore, volatile components of nee-
dles were investigated by GC-MS. The total rate of the volatile components for PO and P10 plants was
determined as 93.39% and 95.11%, respectively. a-pinene (20.74%), cyclohexene (9.20%), caryophyllene
(9.10%) and bornylacetate (8.13%) were identified as main components in needles of PO plants, and a-pinene
(17.40%), bornylacetate (17.33%), cyclohexene (14.98%) and f-pinene (13.24%) in needles of P10 plants.
Consequently, our findings suggest that Pine trees are sensitive to ELF - EMFs emitted from power line due

to cause oxidative damage and alter the rate of volatile components in pine.
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Introduction

All live in the world in world have expressed con-
cern that exposure to Electromagnetic fields (EMF)
from mobile phone base stations and high voltage
power lines may have adverse effects on their health.
The biological or biochemical consequences of elec-
tromagnetic fields are entirely dependent on the fre-
quency range and the intensity of the applied field.
Extremely low frequency fields exist wherever a time-
varying voltage, for example mains electricity at 50 Hz,
is present, regardless of whether or not any current is
flowing. The extremely low frequency field’s sources
are both external, such as power lines and transformer
stations, and internal, such as the home electrical sys-
tem, appliances and electrical equipment connected to
the electrical network (1-3).

Plant productivity is minimized by the number of
factors such as soil salinity, droughts, and soil erosion
and widespread of disease. Electromagnetic field result-
ing from extremely low frequency fields (ELF - EMFs)
is one of this adverse situation in the earth. Whole or-
ganisms including plants are interacted with magnetic
field in day to day life. Generally, the earth acts as a
magnet with their south and north poles and the natural
effects of magnetic field have been changing the plant
growth and yield in the globe. However, very limited
studies have been conducted in biology to describe the
role of ELF — EMFs (4). One possible explanation for
the adverse effects of ELF - EMFs on living organisms
is oxidative stress by an increase in the production of
reactive oxygen species (ROS) (5,6). Oxidative stress af-
fects the membrane structure and cell growth and can
even cause cell death (7). This in turn triggers a cas-
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cade of reactions leading to cellular death. A multitude
of antioxidants are regarded to be components of in-
duced defense (8). These antioxidants include enzymes
superoxide dismutase (SOD), catalase (CAT), and per-
oxidase (POX), which have been reported to control the
oxidative stress caused by abiotic stress (9). Oxidative
stress might also trigger other inducible defenses, such
as the emission of volatile organic compounds including
monoterpenes and sesquiterpenes (10).

Turkey, because of its geographical position at the
crossing region of temperate continental and Mediter-
ranean climates, is rich in plant diversity and coniferous
that grow in different regions of the country, occupying
about half of the county’s total forest area (11). There
are five pine species in Turkey, which are P brutia Ten.,
P, nigra Arn., P, sylvestris L., P, pinea L. and Rhalepensis
MilL (12). Pine oils are commonly used as fragrances in
cosmetics industry, as flavoring additives for food and
beverages industry and as scenting agents in a variety
of household products (13). With growing interest in
the use of essential oils in both the food and pharma-
ceutical industries, the systematic examination of plant
extracts for these characteristics has become more and
more important (14). Cones of some coniferous taxa are
used in industry (15). Former studies on Pinus taxa were
performed on the diterpenoids, triterpenoids, flavonoids
and lignans (16). Studies with conifers mostly deal with

the reasons for the chemical variation of pine oils from
the seasonal, geographical, genotypic, and environmen-
tal points of view (17,18). Pine needles are rich in terms
of vitamin C, tannins, alkaloids, essential and volatile
oils. Furthermore, coniferous are very susceptible to air
pollution, and the analysis of secondary metabolites al-
low to evaluate both the physiological state of a plant
and the environmental conditions under which it is
growing (19). The aim of the present study was to inves-
tigate effect of ELF - EMFs resulting from power line
on the oxidative system and chemical composition of
two pine trees, which grown at different distances from
power line.

Material and Methods

Plant source and experimental site

The forested area used for the experiments was
located in an urban environment, (38° 53’ 56.17”, 40°
28 34.67). Pinus sylvestris samples as plant source
were collected from South west of Bingél University
Campus, Bingsl/Turkey, alongside the 154 kV and 50
Hz transmission line, on 12.04.2013, at an altitude of
1150-1200 m., by O. Kilic and N. Esim. (Leg. No:
4834) (Fig. 1). The needles of the same age were taken
from same parts of the two different pine trees and
then used as plant source (Fig. 2). Plant material was

Figure 1. High voltage power line: an important source of electromagnetic field results from extremely low frequency field (ELF - EMF's)
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Figure 2. The needles taken from same parts of the two different pine tree. a) general view; b) sample received parts; ¢) sampled
branchs; d) needles of samples

identified with Flora of Turkey and East Aegean Is-
lands, volume 1 (12). The experiment was designed as
a comparison of two different magnetic field strengths
resulting from power line (Table 1). The power lines
are approximately 15 m height and compose of five
wires. Plant materials were collected just below (0 m,
categorized as P0) and the 10 m away (categorized as
P10) from same line. Electromagnetic fields of these
areas were measured as 50.66 mG and 6.30 mG, re-
spectively (Table 1). Some factors such as soil analysis,
plant nutrient levels and soil pH were the same for
both pines (data not shown).

HS-SPME procedure

Five grams powder of two plant needles (near and
far to power line) were obtained by a (HS-SPME)
head space solid phase micro extraction method using
a divinyl benzene / carboxen / polydimethyl siloxane
(DVB/CAR/PDMS) fiber, with 50/30 Im film thick-

ness; before the analysis the fiber was pre conditioned

in the injection port of the gas chromatography (GC)
as indicated by the manufacturer. For each sample, 5
g of needles, previously homogenized, were weighed
into a 40 ml vial; the vial was equipped with a “minin-
ert” valve. The vial was kept at 35°C with continuous
internal stirring and the sample was left to equilibrate-
for 30 min; then, the SPME fiber was exposed for 40
min to the headspace while maintaining the sample at
35°C. After sampling, the SPME fiber was introduced
into the GC injector, and was left for 3 min to allow
the analyses thermal desorption. In order to optimize
the technique, the effects of various parameters, such
as sample volume, sample headspace volume, sample
heating temperature and extraction time were studied
on the extraction efficiency as previously reported by
Verzera et al., 2004 (20).

GC-MS analysis
A Varian 3800 gas chromatograph directly inter
faced with a Varian 2000 ion trap mass spectrometer

Table 1. Levels of electromagnetic fields of areas in different distances from the 154 kV high voltage transmission

Different distance from high voltage power line (m)

0 m (PO)

10 m (P10)

Electromagnetic field values

50.66 mG, 50 Hz

6.30 mG, 50 Hz

PO: just below high voltage power line, P10: 10 m away from high voltage power line, mG: miligauss
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(Varian Spa, Milan, Italy) was used with injector tem-
perature, 260°C; injection mode, splitless; column, 60
m, CP-Wax 52 CB 0.25 mm i.d., 0.25 Im film thick-
ness (Chrompack Italys.r.l., Milan, Italy). The oven
temperature was programmed as follows: 45°C held for
5 min, then increased to 80°C at a rate of 10°C/min,
and to 240°C at 2°C/min. The carrier gas was helium,
used at a constant pressure of 10 psi; the transfer line
temperature, 250°C; the ionisation mode, electron
impact (EI); acquisit ion range, 40 to 200 m/z; scan
rate, 1 us-1. The compounds were identified using the
NIST (National Institute of Standards and Technol-
ogy) library (NIST/WILEY/EPA/NIH), mass spec-
tral library and verified by the retention indices which
were calculated as described by Van den Dool & Kratz
1963 (21).

Determinations of malondialdehyde, hydrogen peroxide
and superoxide anion contents

Malondialdehyde (MDA) content was deter-
mined according to the method of Heath & Packer
(1968) (22). Needles were weighed and homogenates
containing 10 % trichloroacetic acid (TCA) and 0.65
9% 2-thiobarbituric acid (TBA) were heated at 95°C for
60 minutes and then cooled to room temperature and
centrifuged at 10.000 x ¢ for 10 minutes. The absor-
bance of the supernatant was read at 532 and 600 nm
against a reagent blank. MDA content was expressed
as nmol g' FW. H,0O, were measured by monitoring
the absorbance at 410 nm of the titanium-peroxide
complex according to He ez al., (2005) (23). One gram
of leaf was extracted using 10 mL cold acetone and
centrifuged at 3.000 x ¢ for 20 minutes. An aliquot (1
mL) of supernatant was added to 0.1 mL 20 % tita-
nium reagent and 0.2 mL of 17 M ammonia solutions.
The solution was centrifuged at 3.000 x g at 4°C for
10 minutes and the supernatant was discarded. The
pellet was dissolved in 3 mL of 1 M sulphuric acid. The
absorbance of the solution was measured at 410 nm.
Absorbance values were calibrated to a standard curve
generated with known concentrations of H,O,. Super-
oxide anion (O,") content was measured as described
by Elstner & Heupel, 1976 (24). A 0.5 g aliquot of
needles was ground and extracted in 2 mL of 65 mM
phosphate buffer (pH 7.8).The homogenate was cen-
trifuged at 5,000 g for 10 min at 4°C. A 1 mL ali-

quot of the supernatant was mixed with 0.9 mL of 65
mM phosphate buffer (pH 7.8) and 0.1 mL of 10 mM
hydroxylamine hydrochloride, and then the mixture
was incubated at 25°C for 20 min. Then, 1 mL of the
mixture, 1 mL of 17 mM anhydrous p-aminobenzene
sulfonic acid, and 1 mL of 17 mM 1-naphthylamine
were mixed and then incubated at 25°C for 20 min.
The absorbance was monitored at 530 nm after 3 mL
of n-butyl alcohol was added to the mixture.

Antioxidant enzyme extraction and assays

Needles (0.5 g) were homogenised in 50 mM so-
dium phosphate buffer (pH 7.0) containing 1 % poly-
vinyl pyrolidine. The homogenate was centrifuged at
20,000 x g for 15 minutes at 4 °C, and the supernatant
was to determine the activities of superoxide dismutase
(SOD) (EC 1.15.1.1), catalase (CAT) (EC 1.11.1.6)
and peroxidase (POX) (EC 1.11.1.7). Activity of SOD
was estimated by recording the decrease in optical den-
sity of nitro blue tetrazolium (NBT) dye by the enzyme
(Dhindsa et al. 1981). The reaction mixture of 3 mL
contained 2 mM riboflavin, 13 mM methionine, 75
mM NBT, 0.1 mM ethylene diamine tetra acetic acid
(EDTA), 50 mM phosphate bufter (pH 7.8), 50 mM
sodium carbonate and 0.05 mL enzyme fraction. The
reaction was started by adding riboflavin solution and
placing the tubes under two 30 W fluorescent lamps
for 15 minutes. A complete reaction mixture without
enzyme, which gave the maximal colour, served as a
control. The reaction was stopped by switching oft
the light and putting the tubes in the dark. A non-
irradiated complete reaction mixture served as a blank.
The absorbance was recorded at 560 nm, and 1 unit of
enzyme activity was taken as the amount of enzyme
that reduced the absorbance reading to 50% in com-
parison with the tubes with no enzyme (25). Activity
of CAT was measured by monitoring the decrease in
absorbance at 240 nm in 50 mM phosphate buffer (pH
7.5) containing 20 mM H,O,. One unit of CAT activ-
ity was defined as the amount of enzyme that used 1
mmol H,O, min™(26). Activity of POX was measured
by monitoring the increase in the absorbance at 470
nm in 50 mM phosphate buffer (pH 5.5) containing 1
mM guaiacol and 0.5 mM H,O,. One unit of POX ac-
tivity was defined as the amount of enzyme that caused
an increase in absorbance of 0.01 min™ (27).
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Statistical analysis

All experiments were performed three times with
the same samples. Data were analyzed by analysis of
variance (ANOVA), and means were compared by
Duncan’s multiple range test at P < 0.05.

Results and Discussion

The result of study was showed that electromag-
netic fields resulting from extremely low frequency
electromagnetic field (ELF-EMFs) were able to trig-
ger excessive generation of superoxide anion (O,") and
hydrogen peroxide (H:O,) in the needles (Table 2).
ELF - EMFs increased the O, and H,O, contents by
17 and 23 % in needles of PO (just below power line;
50.66 mG) and P10 (meter away from power line; 6.36
mG) plants, respectively (Table 2). ELF - EMFs sig-
nificant increased (83 %) in lipid peroxidation (MDA
content) of PO plants compared with P10 plants (Ta-
ble 2). Also, the results of enzyme activities showed
that SOD, CAT, and POX were inhibited in PO and
compared to P10 plants (Table 3). Furthermore, some
importantly volatile components were modified in
needles of PO and P10 plants due to ELF — EMFs
(Table 4).

Reactive oxygen species, such as O, and H,O,,
are regularly generated by various oxygen metabolisms

primarily in chloroplasts, mitochondria and peroxi-
somes (28). In normal conditions, accumulation of
ROS can be effectively controlled by the antioxidant
enzymes in these organelles (29). However, the risk
of serious cellular damage may arise when the ROS is
overproduced under stress conditions. O, and H,O,
affect stress responses in two different ways. One way
is that they can influence expression of a number of
genes and, in this case, they act as a signal molecule.
Another way is that, they affect many cellular func-
tions by damaging nucleic acids, oxidizing proteins,
and causing lipid peroxidation (30). In the normal
conditions, in order to keep ROS under control, plants
display a balance between ROS and antioxidant en-
zymes such as SOD, APX, and CAT. Within a cell,
SOD constitutes the first line of defense against O,~
by rapidly converting O, to O, and H,O,, which are
further oxidized to molecular oxygen and H,O by the
enzymes of CAT and POX". Although there are many
studies about possible roles of ELF - EMFs on oxi-
dative damage in animals and humans (31,32), there
is no information about the role of ELF - EMFs on
oxidative damage in plants. The role of ELF - EMFs
on oxidative damage in plants was investigated for the
first time in this study. Results of the present study
are similar with those of previous studies, which were
performed on animals and humans (31). Namely, ELF
— EMFs induced oxidative stress by increasing ROS

Table 2. Effects of distinct electromagnetic fields on oxidative stress parameters of pine needles

Groups  Electromagnetic fields value O, content (ng. g7) H,O; content (ng.g) MDA content (nmol. ml?)
P10 6.30 mG 1.72+£0.01b 41+0.3b 1,16 £ 0.02b
PO 50.66 mG 1,84 £0.02 a 46+0.5a 2,11+0.04a

PO: just below high voltage power line, P10: 10 m away from high voltage power line, mG: miligauss.
Means within each plant group followed by the same letter are not significantly different (P<0.05) according to Duncan’s multiple range fest

+ represents standard error (SE) of the mean (n = 3)

Table 3. Effects of distinct electromagnetic fields on antioxidant enzymes activity of pine needles

Groups  Electromagnetic fields value SOD activity (U.g™) CAT activity (U.g™) POX activity (U.g™)
P10 6.30 mG 813+11b 90+9b 100 £12b
PO 50.66 mG 891+15a 260+ 15a 400+ 40 a

PO: just below high voltage power line, P10: 10 m away from high voltage power line, mG: miligauss.
Means within each plant group followed by the same letter are not significantly different (P<0.05) according to Duncan’s multiple range fest

+ represents standard error (SE) of the mean (n = 3)
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generation and by decreasing antioxidant enzymes.
This showed that ELF — EMFs is harm for plants.

In this study, a-pinene (20.74%), cyclohexene
(9.20%), caryophyllene (9.10%), bornylacetate (8.13%)
were identified as main components in PO plants. Con-
versely, main components of P10 plants were identi-
fied as a-pinene (17.40%), bornylacetate (17.33%), cy-
clohexene (14.98%) and -pinene (13.24%) (Table 4).
ELF - EMFs inhibited bornylacetate, cyclohexene and
[-pinene, but increased a-pinene and caryophyllene.
This showed that especially main components such as
a-pinene and caryophyllene may be effective in ob-
taining of tolerance against to stress. Tumen et al. 2010
demonstrated that a-pinene (14.76%, 45.36%, 47.09%)
was as the main constituent of P. slyvestris, P nigra, P
halepensis, respectively. Similarly, a-pinene (12.96%,
33.29%, 32.96%, 25.56%, 9.00%) was determined to
be main component of P, resinosa, P, flexilis, P strobes, P
parviflora and P mugo subsp. mugo (32). In Pinus petula
caryophyllene oxide (14.8%), B-phellandrene (12.1%);
in P, ponderosa B-pinene (38.2%), a-pinene (13.0%); in
P, pumila o-pinene (18.3%), d-3-carene (10.4%); in P
rigida (3-pinene (15.2%), o-pinene (11.1%); in P rudis
[-pinene (21.4%), and caryophyllene oxide (20.0%)
were determined as main constituents (14). Therefore,
Pinus taxa can be separated into two groups; first group
contains a large amount of a-pinene, and the second
contains little a-pinene.

In this study, high amounts of monoterpenes
(54.94% - 66.86%) and sesquiterpenes (14.80% -
6.44%) were detected in needles of the PO and P10
plants, respectively (Table 4). Monoterpenes such as
a-pinene, limonene, p-cymene increased in needles of
PO plants by ELF - EMFs but [3-pinene and bornyl
acetate was decreased (Table 4). In addition, sesquiter-
penes such as a-cubebene and caryophyllene increased
in needles of PO plants by ELF - EMFs (Table 4). The
terpenes constitute the largest class of secondary prod-
ucts. Terpenes have a well-characterized function in
plant growth or development and so can be considered
primary rather than secondary metabolites. Terpenes
are toxins and feeding preventions to many plant feed-
ing insects and mammals; thus they appear to play im-
portant defensive roles in the plant kingdom (33). The
results of the present study showed that plants tend to
increase the content of terpenes such as monoterpens

Table 4. The effect of electromagnetic fields on chemical com-
position of P, syfvestris samples

Monoterpenes RRI  P.sylvestris  P. sylvestris
(P0O) % (P10) %
o-pinene 1023 20.74 17.40
[-pinene 1065 0.55 3.69
[-myrcene 1090 1.11 0.53
Limonene 1108 2.74 -
p-cymene 1112 2.22 -
3-carene 1120 0.78 4.81
[-phellandrene 1125 1.34 -
o-terpinolene 1128 1.36 2.52
Bornyl acetate 1132 8.13 17.33
Limonene 1108 2.74 -
[-pinene 1270 5.01 13.24
B-phellandrene 1276 2.82 1.55
Camphene 1284 - 0.50
Sabinene 1338 - 1.00
Y-terpinene 1346 1.41 0.43
[-ocimene 1368 0.49 0.95
Santolinatriene 1384 1.27 2.61
Terpinolene 1396 0.11 0.13
1,8-cineole 1407 - 0.03
o-terpinene 1573 0.12 0.10
Naphthalene 1871 - 0.01
Isobornylacetate 1884 - 0.03
Total 54.94 66.86
Sesquiterpenes RRI  P.sylvestris  P. sylvestris
(P0) % (P10) %
a-cubebene 1309 1.87 -
Copaene 1314 - 2.09
a-bourbonene 1330 0.61 -
Spathulenol 1555 - 0.23
a-cubebene 1589 0.13 0.05
Caryophyllene 1841 9.10 3.17
[-farnesene 1863 0.10 0.10
v-cadinene 1879 0.26 0.02
o-muurolene 1896 0.17 0.08
o-humulene 1908 0.65 -
O-cadinene 1918 0.93 0.15
Germacrene D 1935 0.75 0.55
Bicyclogermacrene 1962 0.23 -
Total 14.80 6.44
Continued
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Others RRI  P.sylvestris  P. sylvestris
(P0) % (P10) %
Benzene, 1-methyl-4 1095 1.33 -
1,3,5-cycloheptatriene 1102 3.13 0.12
Mentha-2,4 (8)-diene 1170 0.88 -
Cyclohexene 1175 9.20 14.98
1,3,6-octatriene 1182 - 2.98
Bicyclo (4.1.0) hept-3-ene 1235 5.88 0.58
Bicyclo (3.1.0) hexane 1244 1.24 -
1,6-octadiene 1259 1.45 -
Undecanal 1296 - 2.09
Tricyclene 1357 0.22 -
Bicyclo (4.4.0) dec-lene 1374 0.89 -
o-guaiene 1793 0.50 -
Isoledene 1832 0.04 -
Benzaldehyde 1852 0.16 0.07
Heneicosane 2115 - 0.04
Linoleic acid 2136 0.71 -
Tricosane 2304 0.02 0.03
Hexacosane - 0.92
Total 28.65 21.81
General Total 93.39 95.11

and sesquiterpens to avoid from toxic effects of high
magnetic fields.

Volatile terpenes are not only defenses in their
own right, but also provide a way for plants to call for
defensive help from other organisms. However, there
is no research in literature about the role of ELF -
EMFs on alteration of volatile components in plants.
The present study experiments exhibited that contents
of monoterpenes and sesquiterpenes increased in P
sylvestris needles, which exposed to ELF - EMFs.
Therefore, we contemplate that these components may
have a possible positive role in obtaining of tolerance
against stress.

In conclusion, the results of the present study in-
dicated that magnetic field results from extremely low
frequency field (ELF — EMF) induced-oxidative dam-
age and modified volatile components in pine needles.
Therefore, to protect the Pinus against adversities result
from extremely low frequency fields should be taken
some precaution. Some of this precaution may include

the following. (I) High-voltage power lines can be tak-
en underground (II) or the height of the poles should
be further raised. However, further research is required
at molecular level to gain deeper insight understanding
the effects occur in plants under high- voltage power
lines.
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