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Effects of Radiofrequency Exposure and
Co-Exposure on Human Lymphocytes: The Influence
of Signal Modulation and Bandwidth

Stefania Romeo
Rita Massa

Abstract—The occurrence of modulation-specific effects after
co-exposures to radio-frequency (RF) and other agents has been
discussed in the literature. In this paper, the influence of modula-
tion and bandwidth in eliciting the DNA damage of RF alone and
in combination with mitomycin-C (MMC) is analyzed in human
lymphocytes. Blood cultures from healthy donors were exposed to
1950 MHz, and continuous wave (CW), wideband direct-sequence
code division multiple access (WCDMA, 4.5 MHz bandwidth), and
additive white Gaussian noise (AWGN, 9 MHz bandwidth) signals
were considered. For each signal, specific absorption rate (SAR)
values of 0.15, 0.3, 0.6, 1.25 W/kg were tested. RF exposure alone
never induced DNA damage in the micronucleus assay. When RF
exposure was followed by MMC treatment, the effect depended on
modulation and bandwidth. CW exposure never altered the MMC-
induced DNA damage, while such damage was reduced when either
signals WCDMA at 0.3 W/kg SAR or AWGN at 0.15 and 0.3 W/kg
were applied. These results indicate the influence of modulation
for the occurrence of the protective effect, with a relation between
the bandwidth and the power absorbed by samples. If confirmed
in vivo, clinical applications using modulated RF signals could be
devised to protect cells from side effects of therapeutic treatments.

Index Terms—Biological effects of radiation, biomedical appli-
cations of radiation, DNA, modulation, protection, radio-frequency
(RF) signals.

I. INTRODUCTION

CONTRADICTION exists in peer-reviewed papers deal-
A ing with non-thermal biological effects and interaction
mechanisms of radio-frequency (RF) electromagnetic fields
with bio-systems. A number of papers points to absence of
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observable effects, while in other studies, certain biological
modifications are reported [1], [2].

Results depend on a variety of factors, including 1) RF expo-
sure conditions (frequency, continuous or pulsed wave, modula-
tion pattern, exposure duration and schedule, specific absorption
rate); 2) biological material (cell and animal model, physiolog-
ical status of the exposed model system); and 3) sensitivity, re-
liability, timing of the biological assay.

Among the electromagnetic parameters, the influence of mod-
ulation pattern deserves particular attention. Review papers have
indicated that experimental evidence for modulation-specific ef-
fects of RF is weak, and the sporadic positive findings have not
been independently replicated [3]-[6]. However, it is of interest
that many of such positive studies involved combined exposures
to RF fields and other chemical or physical agents [3], [7]. In
addition, there are examples in the literature where RF exposure
has no effect by itself, but results in potentiating or reducing
the effects of other agents (combined effects). Generally, the oc-
currence of combined effects is strictly related to the cell type
and to the dose and time schedule of the chemical or physical
treatment.

From an electromagnetic point of view, combined effects have
been observed in specific ‘windows’: at one frequency but not
at another, at one specific absorption rate (SAR) value but not at
another, at one modulation pattern but not at another, at different
exposure durations, and so forth [8], [9].

A particular case of combined effect, strictly dependent on
electromagnetic conditions, has been observed, for the first time,
by our research group in cell cultures, and then confirmed by
other authors. RF pre-exposures protected mammalian cells
from the damage elicited by chemical or physical treatments
[10], as in the phenomenon of Adaptive Response (AR), well
known in radio-biology [11].

In earlier experiments on human lymphocytes, 20 h pre-
exposure to 900 MHz, 1.25 W/kg SAR, reduced the effect of
mitomycin-C (MMC, achemotherapeutic drug) when the Global
System for Mobile Communication (GSM) signal was employed
[12], and only in lymphocytes exposed during the S phase of
the cell cycle [13]. When the 1950 MHz, Wideband Direct-
Sequence Code Division Multiple Access (WCDMA) signal
was applied, 0.3 W/kg SAR, but not 1.25 W/kg, was effective in
inducing protection vs. MMC [14] and X-rays [15] treatments.
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Fig. 1.  Schematics of the exposure set-up.

In the same exposure conditions, the protective effect was in-
duced also in Chinese Hamster lung fibroblast cell line (V79),
but the effective SAR was 1.25 W/kg and not 0.3 W/kg, suggest-
ing that the cell model might be a factor in eliciting the effect
[16].

In this paper, we give insight into the influence of modulation
and bandwidth of RF signal, in eliciting the biological response
of human lymphocytes to RF per se or given in combination with
MMC. Namely, three different signals at 1950 MHz were con-
sidered: 1) a Continuous Wave (CW) signal, which has an ideally
zero bandwidth; 2) a WCDMA modulated signal with a4.5 MHz
bandwidth; 3) an Additive White Gaussian Noise (AWGN) mod-
ulated signal with a 9 MHz bandwidth. The role of power ab-
sorbed by the samples was also considered by testing, for each
signal, four SAR values (0.15, 0.3, 0.6 and 1.25 W/kg). DNA
damage was evaluated in terms of micronuclei (MN) formation.

II. MATERIALS AND METHODS
A. Exposure System and Dosimetry

The experimental set-up for RF signal generation and condi-
tioning, and for cell cultures exposure has been designed and
developed by employing numerical and experimental electro-
magnetic dosimetry techniques, described in details in our pre-
vious papers [16], [17].

As shown in Fig. 1, the set-up is composed by a PC, a
RF generator (Agilent, E4432B ESG-D series), providing the
1950 MHz signal (CW, WCDMA or AWGN), a microwave am-
plifier (MA-LTD, AM38A-0925-40-43), two, 6dB power split-
ters (HP, 11667A), a 3dB attenuator (HP, 8494 A), two bidirec-
tional power sensors (Rohde & Schwarz, NRT-Z43), a spectrum
analyzer (Rohde & Schwarz, FSH-3), and three RF applicators.
The amplified signal is split (—6 dB) into two fractions: one
of them is split (—6 dB) again, while the other is sent to the
attenuator, obtaining a 1:2 power ratio between the former and
the latter. The signal coming from the attenuator and one of
the signals coming from the second splitter are conveyed to the
power sensors, and thus to the RF applicators. The other sig-
nal coming from the second splitter is acquired by the spectrum

analyzer to monitor the spectral power density. The RF appli-
cators, two for exposures and one for sham-exposure (no RF
transmission), consist of rectangular, short-circuited waveguides
(WG, WR430, 350 mm long), with a coaxial adapter (Maury
Microwave R213A2, VSWR: 1.05) at the feeding end. In each
WG, four Petri dishes hosting lymphocyte cultures are exposed
by means of a vertical, four-layer Plexiglas stand. As detailed in
our previous papers, such configuration guarantees exposure of
two couples of samples to two different SAR values with high
efficiency (>70%) [18], [19]. In addition, a coefficient of vari-
ation (the ratio between the standard deviation of SAR and the
average SAR in the sample volume) less than 0.3 was achieved,
that is considered an acceptable non-uniformity degree of in-
duced field distribution into the sample volume, and one of the
minimal requirements to be satisfied in exposure system design
[20]. Therefore, in our experiments, one WG is used to expose
two samples to 1.25 W/kg and two samples to 0.3 W/kg SAR,
and the other WG is used to expose two samples to 0.6 W/kg
and two samples to 0.15 W/kg SAR. The three WGs are placed
inside the same cell culture incubator (Forma Scientific, model
311), that maintains the environmental conditions at 37 °C, 95%
air and 5% CO- atmosphere. The PC drives the generator and
the power sensors to control and adjust the incident and reflected
power levels (P; and P, respectively) according to the desired
SAR values (calculated as (P;-P,.)/m, where m is the mass of the
sample).

In separate experiments, the temperature of the sample ex-
posed to the highest SAR was measured (fiber-optic thermome-
ter, FISO Technologies, UMI4, equipped with fiber-optic tem-
perature probe, FOT-M/2 m), to make sure that variations never
exceeded accuracy range of the instrument (£0.3 °C) [16].

B. Signal Characteristics

In our experiments, specific settings of the RF generator were
adopted to obtain CW, WCDMA and AWGN signals.

The CW was obtained by setting a frequency of 1950 MHz
with no modulation applied. In the other two cases, the standard
WCDMA or AWGN modulation schemes were applied to the
carrier frequency.

The term WCDMA refers to a particular technology of multi-
ple access to the radio channel for third-generation (3G) cellular
networks. It is the transmission protocol used by 3G systems
developed as an evolution of 2G GSM networks, spread almost
all over the world. More technically, WCDMA is a broadband
and expanded spectrum interface based on Code Division Mul-
tiple Access (CDMA). The channels at the radio interface have
a bandwidth of 4.5-5 MHz, and the signals have a spectral com-
position characterized by a flat bandwidth, generally denoted as
noise-like signals [21]. The choice to use WCDMA signals is
due to the opportunity to consider RF signals of easy accessibil-
ity and reproducibility, thanks to the settled electronics and the
high number of devices that use it.

In the AWGN signals, the noise is additive, it has uniform
power across the whole frequency band (white), and the prob-
ability distribution function of noise samples is Gaussian. The
use of AWGN signals is due to the desire to perform tests with
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Fig. 2. Spectral power density of CW, WCDMA and AWGN signals adopted
in the experiments.

noise-like signals, and with higher bandwidth than the typical
one of WCDMA. It is thus possible to operate with signals char-
acterized by similar spectral conditions but different bandwidth,
in order to verify the effect of the bandwidth on the observed
biological response.

A picture of the spectral power density of signals adopted
in our experiments is shown in Fig. 2, as acquired by a Rohde
& Schwarz FSH4 spectrum analyzer. The 3 dB bandwidths of
the three signals span 0.8 kHz (at a resolution bandwidth of the
spectrum analyzer of 300 Hz), 4.5 MHz and 9 MHz for CW,
WCDMA and AWGN, respectively.

C. Lymphocyte Cultures and Cytokinesis Block
Micronucleus Assay

Peripheral blood samples from anonymized, healthy, non-
smoking male donors were provided by the National Cancer
Institute of Naples—G. Pascale Foundation (Italy), which also
released the Ethical Committee approval. All donors were in-
formed about the aim and experimental procedures of the study,
and written consent form was obtained from all of them.

Lymphocyte cultures were set up by adding 0.3 mL whole
blood to 2.7 mL RPMI 1640 culture medium containing 15%
heat-inactivated foetal bovine serum (FBS), 1% L-glutamine,
1% penicillin/streptomycin, and 1% phytoemagglutinin (PHA)
as mitogen to stimulate T-lymphocytes to enter the cell cycle
[22].

Cytochalasin-B (6 ug/ml, dissolved in dimethylsulphoxide)
was added to all cultures at 44 h, and at 72 h lymphocytes were
harvested according to standard procedures [12]. Briefly, cells
were collected by centrifugation and re-suspended in 3 mL of
lysis buffer (10 mM EDTA, 155 mM NH,4Cl, 10 mM KHCOs),
for 7 min at room temperature, to lyse erythrocytes. Cells were
centrifuged, washed in wash medium (RPMI 1640 + 2% FBS),
treated with hypotonic solution (wash medium diluted 1:4 in
distilled water) for 15 min at room temperature, followed by col-
lection of cells on microscope slides using a cytospin centrifuge
(Shandon, Thermo Scientific; 7 min at 1200 rpm). After fixation
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Fig. 3. Experimental procedures adopted to treat lymphocyte cultures with
MMC as AD and CD (a) and with RF/Sham as AD and MMC as CD (b).

(80% methanol), and staining (10% Giemsa), coded slides were
scored in blind at 1000x magnification. For each donor and for
each exposure condition, a total of 2000 binucleate (BN) cells
were examined to record the number of BN cells expressing MN.

D. Experimental Procedures

The response to adaptation protocol is characterized by a inter-
individual variability. The adaptation grade is different among
different donors, and some donors may not respond at all [12],
[23]. Therefore, preliminary experiments were carried out to
identify healthy donors responding to the adaptation protocol,
in order to be enrolled in the study. To this purpose, lympho-
cyte cultures from four donors were pre-treated with 1 ng/mL
MMC (Adaptive Dose, AD) dissolved in sterile distilled water
and added 24 h after seeding, and then treated with 100 ng/mL
MMC (Challenge Dose, CD) at 48 h from seeding. In addition,
for each donor, a control culture, a culture treated with AD only,
and one treated with CD only were also set up.

The induction of MN was evaluated after exposure to different
RF conditions, alone and in combination with CD. In particular,
for each signal, 11 cultures were set up: MMC (CD), sham,
sham-+MMC, RF at four SAR values alone and with MMC. A
scheme of the experimental procedure is depicted in Fig. 3.

E. Statistical Analysis

To assess whether donors responded to the adaptation proto-
col, the Chi square (x?) test was applied to compare MN inci-
dence in cultures treated with MMC as CD to those treated with
MMC given as AD and CD (AD+CD). To assess the induction
of protective effect, the two-tailed unpaired Student’s #-test was
applied to compare MN in cultures treated with MMC as CD to
those pre-exposed to RF and then treated with MMC. The as-
sumption of normal distribution was improved by the standard
method of root square transformation [24] and examined by ap-
plying the Jarque-Bera test for normality. In all cases, Matlab
(MathWorks) software was used for the analysis, and statistical
significance was set for at least P < 0.05.
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TABLE I
INCIDENCE OF MICRONUCLEI IN LYMPHOCYTE CULTURES OF 4 DONORS
TREATED WITH MITOMYCIN C AS ADAPTIVE DOSE (1 NG/ML), CHALLENGE
DOSE (100 NG/ML), AND ADAPTIVE + CHALLENGE (1 + 100 NG/ML)

MMC Treatment
CD AD+CD
Donor g"“t/roi ' A? | (100 (14100
(0 ng/ml) (1 ng/ml) ng/ml) ng/ml)
1 8 9 36" 207
2 10 12 58% 247
3 14 18 40" 24"
4 14 12 36" 20

Each data point is the number of BN cells with MN on 2000 BN cells scored. Data
analyzed with the x? test.

#P<0.05, # P<0.01, 100 ng/ml vs Control.

*P<0.05, * P<0.01, 1 + 100 ng/ml vs 100 ng/ml.
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Fig. 4. Incidence of micronuclei in lymphocyte cultures exposed to RF under

different conditions. The results are expressed as mean + SE of four donors.

III. RESULTS
A. Donors Response to the Adaptation Protocol

The responsiveness of lymphocytes to the adaptation pro-
tocol was tested by using MMC as AD and CD. For each
treatment/donor, the number of BN cells containing MN was
recorded. Results are shown in Table I. Treatment with AD did
not show MN increase (P > 0.05), while CD resulted in a statisti-
cally significant increase (P < 0.01) with respect to spontaneous
MN incidence (Control). Lymphocyte cultures that received the
MMC combined treatment (AD+CD) exhibited a decrease with
respect to CD treated cultures (P < 0.05). Therefore, since all
donors exhibited a significant reduction of MMC-induced MN,
they were enrolled in the study.

B. Absence of DNA Damage Under RF Exposure Alone

The number of BN cells containing MN in lymphocyte cul-
tures exposed to different RF conditions, is presented in Fig.
4. RF exposure at CW, WCDMA and AWGN signal never in-
duced DNA damage, irrespective of the SAR level (P > 0.05 in
all cases, one-way ANOVA for repeated measurements).

C. Protective Effect of RF Pre-Exposure Against
Chemical Treatment

The incidence of MN in lymphocyte cultures pre-exposed to
different RF conditions and challenged with 100 ng/ml MMC,
is presented in Fig. 5.
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Fig. 5. Incidence of micronuclei in lymphocyte cultures exposed to RF under

different conditions as adaptive dose and/or MMC as challenge dose (100 ng/ml).
The results are expressed as mean & SE of four donors. *P < 0.05 vs. MMC,
two-tailed unpaired Student’s t-test on root-square transformed data.

CW-RF exposure never reduced the MMC-induced MN for-
mation, irrespective of the SAR value (RF + MMC vs. MMC,
P > 0.05).

Interestingly, the presence of modulation gave different re-
sults. In particular, exposure to WCDMA reduced MMC-
induced MN formation only when 0.3 W/kg SAR was delivered
(0.3 W/kg + MMC vs. MMC, P < 0.05). Similarly, exposure
to AWGN reduced MMC-induced MN formation, but the effec-
tive SAR values were both 0.15 and 0.3 W/kg (RF + MMC vs.
MMC, P< 0.05).

As expected, sham exposures never elicited the protective ef-
fect (sham + MMC vs. MMC, P > 0.05).

IV. DISCUSSION

Most of the RF sources available in the living environment
are modulated, and different technologies like radars, ultra-
wideband and mobile communications, including the forthcom-
ing 5G technologies which will operate on larger bandwidths,
employ different forms of modulation to deliver information.
Studying the effects of modulation is not a trivial task, due to
the difficulty of separating its contribution from that of carrier
frequency. Only few studies on biological effects of exposure
to RF fields, carried out to date, have been designed to dis-
close the possible influence of modulation, and the ones report-
ing modulation-dependent effects have not been independently
confirmed [5], [6].

On the other hand, some papers addressed the intriguing hy-
pothesis of non-linear responses in cells and tissues exposed to
RF energy, or, in other words, whether these bio-systems could
demodulate amplitude-modulated RF signals. According to this
hypothesis, bio-systems would be exposed to low-frequency
fields similar to those of biological processes and, therefore, with
the potential for biological activity [25]-[27]. This hypothesis
was challenged with a very sophisticated and accurate experi-
mental procedure, but it was not proved [28], [29].

In this paper, we addressed, for the first time, the influence
of signal modulation and bandwidth in affecting the biological
response of human lymphocytes to RF electromagnetic fields,
alone and in combination with a chemical agent. The effect of
CW exposure was systematically compared to that of differ-
ent modulation schemes and signal bandwidths. In particular,
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cell cultures exposed to either CW or modulated (WCDMA or
AWGN) 1950 MHz electromagnetic field did not show DNA
damage in the micronucleus test. When human lymphocyte
cultures were pre-exposed to the same RF signals and then
challenged with a well-known DNA damaging agent (MMC),
different biological responses were detected depending on the
signal characteristics in terms of modulation and bandwidth of
the power spectrum. The CW signal did not alter the DNA dam-
age induced by MMC treatment, while such damage was re-
duced when either signals WCDMA (4.5 MHz bandwidth) at
0.3 W/kg or AWGN (9 MHz bandwidth) at 0.15 and 0.3 W/kg
were applied, indicating a protective effect.

It is well documented that the human population is hetero-
geneous in its ability to express AR, and that different genetic
predisposition in the efficiency of DNA repair mechanisms, cel-
lular redox status and overall intrinsic features of each individ-
ual do affect the biological response to different chemical and
physical agents [30]. Therefore, in order to take into account the
inter-individual variability of human lymphocytes response, cul-
tures from each donor were exposed to all the electromagnetic
conditions considered in the study.

These results confirm our previous findings on the induction
of protective effect following pre-exposure to RF electromag-
netic fields (900 MHz, GSM and 1950 MHz, WCDMA signals)
against the damage induced by chemical and physical agents
[12]-[16], as well as those reported by independent research
groups and reviewed in [10]. Moreover, they add a further piece
of information regarding the role of RF signal characteristics.
The presence of a modulation scheme seems to be a crucial
factor for the onset of a protective effect. To the best of our
knowledge, the only study addressing the induction of a pro-
tective effect by CW or modulated RF exposure is the one by
Gapeyev and Lukyanova, who detected, in mouse peripheral
blood leukocytes, a protective effect of 42.2 GHz electromag-
netic radiation exposure against the damaging action of X-rays,
hydrogen peroxide, and the alkylating agent methyl methane-
sulfonate. The protective effect was observed only when the
pre-exposure was given as pulse-modulated (1 or 16 Hz modu-
lation frequency) but not as CW [7]. Our results are in agreement
with the above and, furthermore, provide evidence that also the
signal bandwidth is a factor in the occurrence of the protective
effect. As a matter of fact, by doubling the signal bandwidth
(AWGN 9 MHz, respect to WCDMA 4.5 MHz) the effect was
induced not only at 0.3 W/kg, but also at 0.15 W/kg. In our
previous studies, exposure to 900 MHz, GSM signal, 200 kHz
bandwidth, resulted in an effective SAR value of 1.25 W/kg
[12], [13]. Based on the overall results, it could be speculated
that a relation (a compensation?) exists between the applied sig-
nal bandwidth and the power absorbed by the samples. This hy-
pothesis cannot be generalized since, as an example, in the the
case of WCDMA signal, the effect is not induced at the highest
SAR levels. However, in the literature on biological effects of
non-thermal RF exposure, “window” effects are postulated to ex-
plain several results that cannot be explained by a dose-response
relationship [31].

Moreover, these findings suggest the existence of a non-
thermal, complex interaction between modulated RF fields and
biological systems whose effects become detectable when the

latter are appropriately sensitized, as in combined exposure pro-
tocols. Therefore, although the interaction mechanisms between
RF fields and biological systems have not yet been clarified
[32], [33], a plausible hypothesis for the results here presented
is the perturbation of the cell redox status and of DNA repair
mechanisms after RF-modulated pre-exposures, as highlighted
in the paper by Gapeyev and Lukyanova [7], and in our recent
findings [34].

V. CONCLUSION

The results of the present investigation provide further evi-
dence that RF exposure can prompt a protective effect in mam-
malian cells against subsequent genotoxic insults. Moreover, in
the current experimental conditions, taking advantage of a sys-
tematic comparison with the CW exposure, our findings high-
light the modulation scheme and the signal bandwidth as crucial
factors for the occurrence of the protective effect.

Having said the above, if proved in in vivo models, a new re-
search horizon lies ahead of us, as a potential, innovative clini-
cal application of RF electromagnetic fields, exploiting the pro-
tective effect, could be proved. In radio-biology the AR phe-
nomenon has been proposed as a way to protect healthy cells
from side effects of chemo/radio-therapeutic treatments, by pre-
treatments with low doses of ionizing radiation. However, such
proposal never moved into clinical practice due to the risk of cel-
lular transformation as a biological consequence of protracted,
low-dose rate exposures to ionizing radiation [35]. The possi-
bility of inducing AR by RF pre-treatments may overcome this
issue, due to the non-ionizing nature of these fields. Moreover,
RF-induced protection has been here proved to be a tunable phe-
nomenon depending on the electromagnetic conditions adopted,
which could be able to target different cell types located at dif-
ferent depths in the body. In addition, potential biomedical ap-
plications exploiting the protective effect of RF could benefit
from the availability of commercially established, low-cost RF
sources.

REFERENCES

[1] Scientific Committee on Emerging Newly Identified Health Risks, “Opin-
ion on potential health effects of exposure to electromagnetic fields,” Bio-
electromagn., vol. 36, pp. 480-484, Sep. 2015.

[2] A.R.Sheppard, M. L. Swicord, and Q. Balzano, “Quantitative evaluations
of mechanisms of radiofrequency interactions with biological molecules
and processes,” Health Phys., vol. 95, pp. 365-396, Oct. 2008.

[3] J. Juutilainen, A. Hoyto, T. Kumlin, and J. Naarala, “Review of possible
modulation-dependent biological effects of radiofrequency fields,” Bio-
electromagn., vol. 32, pp. 511-534, Oct. 2011.

[4] J.Juutilainen and R. de Seze, “Biological effects of amplitude-modulated
radiofrequency radiation,” Scand. J. Work Environ. Health, vol. 24,
pp. 245-254, Aug. 1998.

[5] K. R. Foster and M. H. Repacholi, “Biological effects of radiofrequency
fields: Does modulation matter?,” Radiat. Res., vol. 162, pp. 219-225,
Aug. 2004.

[6] Z.Sienkiewicz et al., *“Are exposures to multiple frequencies the key to fu-
ture radiofrequency research?,” Frontiers Public Health, vol. 5, Dec. 2017,
Art. no. 328.

[7]1 A.B. Gapeyev and N. A. Lukyanova, “Pulse-modulated extremely high-
frequency electromagnetic radiation protects cellular DNA from the dam-
aging effects of physical and chemical factors in vitro,” Biophys., vol. 60,
pp. 732-738, 2015.

[8] A. M. Marjanovic, I. Pavicic, and I. Trosic, “Biological indicators in re-
sponse to radiofrequency/microwave exposure,” Arch. Ind. Hygiene Toxi-
col., vol. 63, pp. 407416, Sep. 2012.

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on October 10,2026 at 18:16:10 UTC from IEEE Xplore. Restrictions apply.



22

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

IEEE JOURNAL OF ELECTROMAGNETICS, RF, AND MICROWAVES IN MEDICINE AND BIOLOGY, VOL. 4, NO. 1, MARCH 2020

R. N. Kostoff and C. G. Y. Lau, “Combined biological and health effects
of electromagnetic fields and other agents in the published literature,”
Technol. Forecasting Social Change, vol. 80, pp. 1331-1349, Sep. 2013.
Y. C. Vijayalaxmi and M. R. Scarfi, “Adaptive response in mammalian
cells exposed to non-ionizing radiofrequency fields: A review and gaps in
knowledge,” Mutation Res., vol. 760, pp. 3645, Feb. 2014.

E. G. Dimova, P. E. Bryant, and S. G. Chankova, “"Adaptive response"—
Some underlying mechanisms and open questions,” Genetics Mol. Biol.,
vol. 31, pp. 396408, 2008.

A. Sannino, M. Sarti, S. B. Reddy, T. J. P. Vijayalaxmi, and M. R. Scarfi,
“Induction of adaptive response in human blood lymphocytes exposed to
radiofrequency radiation,” Radiat. Res., vol. 171, pp. 735-742, Jun. 2009.
A. Sannino et al., “Induction of adaptive response in human blood lympho-
cytes exposed to 900 MHz radiofrequency fields: Influence of cell cycle,”
Int. J. Radiat. Biol., vol. 87, pp. 993-999, Sep. 2011.

O. Zeni et al., “Induction of an adaptive response in human blood lym-
phocytes exposed to radiofrequency fields: Influence of the universal mo-
bile telecommunication system (UMTS) signal and the specific absorption
rate,” Mutation Res., vol. 747, pp. 29-35, Aug. 2012.

A. Sannino et al., “Adaptive response in human blood lymphocytes
exposed to non-ionizing radiofrequency fields: Resistance to ioniz-
ing radiation-induced damage,” J. Radiat. Res., vol. 55, pp. 210-217,
Mar. 2014.

A. Sannino, O. Zeni, S. Romeo, R. Massa, and M. R. Scarfi, “Adverse
and beneficial effects in Chinese hamster lung fibroblast cells follow-
ing radiofrequency exposure,” Bioelectromagn., vol. 38, pp. 245-254,
May 2017.

P. Lamberti, V. Tucci, S. Romeo, A. Sannino, M. R. Scarfi, and O. Zeni,
“nsPEF-induced effects on cell membranes: Use of electrophysical model
to optimize experimental design,” IEEE Trans. Dielectrics Elect. Insul.,
vol. 20, no. 4, pp. 1231-1238, Aug. 2013.

M. L. Calabrese, G. d’Ambrosio, R. Massa, and G. Petraglia, “A high
efficiency waveguide applivcator for in vitro exposure of mammalian cells
at 1.95 GHz,” IEEE Trans. Microw. Theory Techn., vol. 54,no. 5, pp. 2256—
2264, May 2006.

A. Sannino et al., “Evaluation of cytotoxic and genotoxic effects in human
peripheral blood leukocytes following exposure to 1950-MHz modulated
signal,” IEEE Trans. Plasma Sci., vol. 34,no. 4, pp. 1441-1448, Aug. 2006.
N. Kuster and F. Schonborn, “Recommended minimal requirements and
development guidelines for exposure setups of bio-experiments addressing
the health risk concern of wireless communications,” Bioelectromagn.,
vol. 21, pp. 508-514, Oct. 2000.

H. Holma, A. Toskala, and U. Lappalainen, “Introduction,” in WCDMA
for UMTS—Radio Access for Thrid Generation Mobile Communications,
H. Holma and A. Toskala, Eds, 3rd ed. Chichester, U.K.: Wiley, 2012.
A. Boyum, “Isolation of leucocytes from human blood further
observations—Methylcellulose dextran and ficoll as erythrocyte-
aggregating agents,” Scand. J. Clin. Lab. Investigation, vol. 97, pp. 31-50,
1968.

A. Bosi and G. Olivieri, “Variability of the adaptive response to ionizing
radiations in humans,” Mutation Res., vol. 211, pp. 13—17, Mar. 1989.
M. Ceppi, F. Gallo, and S. Bonassi, “Study design and statistical anal-
ysis of data in human population studies with the micronucleus assay,”
Mutagenesis, vol. 26, pp. 247-252, Jan. 2011.

Q. Balzano, “Proposed test for detection of nonlinear responses in bi-
ological preparations exposed to RF energy,” Bioelectromagn., vol. 23,
pp. 278-287, May 2002.

Q. Balzano, “RF Nonlinear interactions in living cells- II: Detection
methods for spectral signatures,” Bioelectromagn., vol. 24, pp. 483-488,
Oct. 2003.

Q. Balzano and A. Sheppard, “RF Nonlinear interactions in living cells-
I: Nonequilibrium thermodynamic theory,” Bioelectromagn., vol. 24,
pp. 473-482, Oct. 2003.

C. Kowalczuk et al., “Absence of nonlinear responses in cells and tissues
exposed to RF energy at mobile phone frequencies using a doubly resonant
cavity,” Bioelectromagn., vol. 31, pp. 556565, Oct. 2010.

C. C. Davis and Q. Balzano, “The brain is not a radio receiver for wire-
less phone signals: Human tissue does not demodulate a modulated ra-
diofrequency carrier,” Comptes Rendus Physique, vol. 11, pp. 585-591,
Nov./Dec. 2010.

J. Pajic et al., “Inter-individual variability in the response of human pe-
ripheral blood lymphocytes to ionizing radiation: Comparison of the dicen-
tric and micronucleus assays,” Radiat. Environmental Biophys., vol. 54,
pp. 317-325, Aug. 2015.

[31] D.J.Panagopoulos and L. H. Margaritis, “The identification of an intensity
‘window’ on the bioeffects of mobile telephony radiation,” Int. J. Radiat.
Biol., vol. 86, pp. 358-366, May 2010.

F. Apollonio et al., “Feasibility for microwaves energy to affect biological
systems via nonthermal mechanisms: A systematic approach,” I[EEE Trans.
Microw. Theory Techn., vol. 61, no. 5, pp. 2031-2045, May 2013.

A. M. Marjanovic, 1. Pavicic, and 1. Trosic, “Biological indicators in re-
sponse to radiofrequency/microwave exposure,” Arhiv Za Higijenu Rada
1 Toksikologiju-Arch. Ind. Hygiene Toxicology, vol. 63, pp. 407-416,
Sep. 2012.

S. Falone et al., “Protective effect of 1950 MHz electromagnetic field
in human neuroblastoma cells challenged with menadione,” Sci. Rep.,
vol. 8:13234, 2018.

A.B. Tiku and R. K. Kale, “Adaptive response and split-dose effect of radi-
ation on the survival of mice,” J. Biosci., vol. 29, pp. 111-117, Mar. 2004.

[32]

[33]

[34]

[35]

Stefania Romeo (M’18) was born in 1985. She re-
ceived the master’s degree (summa cum laude) in
biomedical engineering from the University of Naples
Federico II, Naples, Italy, and the Ph.D. degree in
electronic engineering from the Second University
of Naples, Aversa, Italy, in 2008 and 2012, respec-
tively.

From September 2010 to March 2011, she was
a Visiting Student with the Department of Electrical
Engineering and Electrophysics, University of South-
ern California, Los Angeles, CA, USA. From June
2012 to March 2016, she was with IREA-CNR, Naples, as a Research Fellow,
and currently, she is a Research Scientist with the same institution. In May 2014,
she was a Visiting Scientist with the University of Copenhagen, Herlev Hospi-
tal, Denmark, for a short term scientific mission in the framework of the COST
Action TD1104 (“European Network for the Development of Electroporation-
based Technologies and Treatments”). Her research activities include the frame-
work of bioelectromagnetics and deals with the design and realization of high
voltage, ns pulse generators for in vitro biological applications, the study of bi-
ological effects of pulsed electric fields on mammalian cells with experimental
and modeling approaches, and the employment of numerical and experimental
dosimetry techniques for in vitro exposures to RF electromagnetic fields.

In 2015, she was the recipient of the Young Researcher Award at the “1st
World Congress on Electroporation and Pulsed Electric Fields in Biology,
Medicine and Environmental Technologies.”

Anna Sannino was born in Castellammare di Stabia,
Naples, Italy, in 1975. She received the Laurea degree
in biology from the University of Naples Federico II
and the Ph.D. degree in biochemistry and pathology
of drug action from the University of Salerno, Fis-
ciano, Italy, in 2002 and 2013, respectively.

From 2002 to 2014, she was with CNR-IREA,
Naples, as a Research Fellow. Since 2014, she has
been with CNR-IREA as a technical staff. Her re-
search activities include the framework of bioelectro-
magnetics dealing with the evaluation of biological
effects of low- and high-frequency electromagnetic fields alone or in combi-
nation with environmental pollutant. These activities are carried out by means
of cytogenetic assays (micronucleus with cytokinesis block and comet assay)
and cytotoxicity assays (cell viability, oxidative stress, and apoptosis). More re-
cently, she has been also involved with the evaluation of the cytotoxicity induced
by multiwalled carbon-nanotubes (buckypaper) and magnetic nanoparticles in
mammalian cell cultures, and with the investigation of cellular and sub-cellular
effects induced by high voltage, nanosecond electric pulses in cell suspensions,
by means of molecular cytogenetic assays, cytofluorimetry, and confocal mi-
Croscopy.

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on October 10,2026 at 18:16:10 UTC from IEEE Xplore. Restrictions apply.



ROMEDO et al.: EFFECTS OF RADIOFREQUENCY EXPOSURE AND CO-EXPOSURE ON HUMAN LYMPHOCYTES 23

Olga Zeni received the Laurea degree in biology from
the University of Naples Federico II, Naples, Italy,
and the Ph.D. degree in zootechnical science from
the University of Bologna, Bologna, Italy, in 1990
and 1996, respectively.

Since March 2001, she has been with CNR-
IREA, Naples, as a Research Scientist. From 2012 to
2015, she was external expert of the Working Group
on Electromagnetic Fields in the Scientific Commit-
tee on Emerging and Newly Identified Health Risks
(SCENIHR, European Commission). Since 2012, she
has been contributing to the preparation of the WHO-Environmental Health Cri-
teria Monograph on Radiofrequency Electromagnetic Fields. Since 2017, she
has been a member of the Council of the European Bioelectromagnetics Asso-
ciation (EBEA).

Herresearch activities deal with the study of interactions between electromag-
netic fields and biological systems, with emphasis on mechanistic understanding
and development of biomedical applications. More recently, she has also been
involved with the evaluation of the biological effects of high voltage, nanosec-
ond electric pulses on mammalian cells.

ﬂ

Leopoldo Angrisani (F’19) is a Full Professor of
electrical and electronic measurements with the De-
partment of Information Technology and Electri-
cal Engineering, University of Naples Federico II,
Naples, Italy. He is also a General Manager/Director
of CeSMA, Center of Advanced Measurement and
Technology Services and a member of the Board of
the Ph.D. Program on Information Technology and
Electrical Engineering of University of Naples Fed-
erico II. He is the author or coauthor of more than
300 scientific articles, one third of which published
in relevant international journals with impact factor. His research activity is cur-
rently focused on communication systems and network test and measurement,
measurements for Internet of Things applications, compressive sampling based
measurements, measurements for Industry 4.0, and measurement uncertainty.
He was and is currently involved in many industrial research projects, in co-
operation with small, medium, and great enterprises, for which he played and
is currently playing the role of scientific coordinator. He is currently playing
a relevant role in designing and developing the strategic pillars on which the
constituting national Competence Center on Industry 4.0, led by Federico II
University, is going to be based.

He is a Senior Member of the IEEE Instrumentation and Measurement and
Communications Societies, the Chair of the IEEE Instrumentation and Measure-
ment Society Italy Chapter, the General Chairman of the first (M&N2011), sec-
ond (M&N2013), third (M&N2015), and fourth edition (M&N2017) of the IEEE
International Workshop on Measurements and Networking, and was one of the
promoters of the TC-37 “Measurements and Networking” technical committee
of the IEEE Instrumentation and Measurement Society. He is a Representative of
Italy in the IEC Validation Team-VT 60050 for maintenance and management
of the International Electrotechnical Vocabulary and a member of the Italian
Association “GMEE-Electrical and Electronic Measurements Group,” CNIT,
National Inter-university Consortium for Telecommunications and the Techni-
cal Committee CT 1/25 “Terminology, Quantities and Units” of CEI (Italian
Electrotechnical Committee).

In 2009, he was the recipient of the IET Communications Premium for the
paper entitled “Performance measurement of IEEE 802.11b-based networks af-
fected by narrowband interference through cross-layer measurements” (pub-
lished in IET Communications, vol. 2, no. 1, January 2008). In 2013, he was
also the recipient of the prestigious recognition “IEEE Transactions on Instru-
mentation and Measurement Outstanding Reviewer.” As the Chair of the IEEE
Instrumentation & Measurement Society Italy Chapter, in 2016, he was the re-
cipient of the prestigious recognition “I&M Society Best Chapter Award.”

Rita Massa received the Physics degree (summa cum
laude) and the Ph.D. degree in electronic and com-
puter science from the University of Naples Federico
1L, Naples, Italy.

In 1992, she became a Researcher, and in 2001, a
Professor of electromagnetic fields with the Depart-
ment of Electronic and Telecommunication Engineer-
ing (DIET), University of Naples Federico II and the
Department of Physics (DP). She has been the Chief
of the Microwave Interaction Division (MIND) Lab-
oratory (DIET), responsible for the Biophysics Lab-
oratory (DP) and the Chief of Non Ionizing Radiation Laboratory (DP). She is
currently the Director of the “Interuniversity Center for the Study of Interactions
between Electromagnetic Fields and Biosystems (ICEmB).” She has coauthored
more than 200 papers published in peer-reviewed journals, proceedings, and con-
ference papers. Her research interests include the framework of the interactions
of electromagnetic fields and materials, dealing with the biological effects of
electromagnetic fields, electromagnetic dosimetry/exposure assessment, thera-
peutic and industrial applications of electromagnetic fields, and nondestructive
testing of materials. She has been involved in research projects, in cooperation
with small, medium, and/or great enterprises, for which she played and is cur-
rently playing the role of scientific coordinator/WP Leader.

Maria Rosaria Scarfi received the Laurea degree
(summa cum laude) in biology from the University of
Naples Federico II, Naples, Italy, in 1981.

From 1984 to 2001, she was with the CNR Insti-
tute for Electromagnetics and Electronic Components
(IRECE, now IREA), Naples. From September 1987
to March 1988, she was a Visiting Researcher with
Clinical and Population Cytogenetics Unit, Western
General Hospital, Medical Research Council, Edin-
burgh, U.K. Since 2001, she has been a Senior Re-
searcher and the Head of the Bioelectromagnetics
Group, IREA. Her research activity deals with the evaluation of cellular pa-
rameters related to carcinogenesis (cell viability, proliferation and cell cycle,
apoptosis, oxidative stress, and DNA molecule integrity) in mammalian cell
cultures following electromagnetic field exposures and co-exposures to physi-
cal and chemical agents, as well as the investigation of cellular and sub-cellular
effects induced by high voltage, nanosecond electric pulses.

She was a member of the management committee of the European Bioelec-
tromagnetics Association (EBEA, 2001-2009) and of the Bioelectromagnetics
Society (BEMS, 2009-2012). She is a member of the BEMS, the EBEA, and
the Italian Society for Research on Radiations. She was in the list of experts of
the International Commission on Non Ionizing Radiation Protection (ICNIRP,
2006-2012), an external expert of the Working Group on Electromagnetic Fields,
European Commission, Scientific Committee on Emerging, and Newly Identi-
fied Health Risks (SCENIHR, 2012-2015), a member of the core group for the
preparation of the World Health Organization monograph on risk assessment
for RF fields (2012—present), and a member of the Scientific Committee of the
Swedish Radiation Safety Authority—FElectromagnetic Fields (2013—present).
Since 2017, she has been the Co-Director of the International School on Bio-
electromagnetism, E. Majorana Foundation and Center for Scientific Culture,
Erice, Italy.

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on October 10,2026 at 18:16:10 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


