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ASSESSMENT OF THE EFFECT
OF ELECTROMAGNETIC RADIATION FROM CELL PHONES USING
THE DAPHNIA MAGNA TEST OBJECT

Currently, the problem of electromagnetic safety of the population has acquired social significance
and is an urgent issue for the modern development of the Republic of Kazakhstan, as well as for other
countries of the world. Environmental exposure to radiofrequency electromagnetic fields from mobile
phones has rapidly increased in the last two decades and this trend is expected to continue. Modern
technologies have become a source of electromagnetic pollution generated electromagnetic fields. Due
to the increase in technogenic processes and their influence on the Earth’s electromagnetic field, the
topic of the influence of electromagnetic radiation on living organisms has been increasingly studied. All
sources of electromagnetic fields, as a rule, are a source of complex electromagnetic radiation that affects
plants, animals, insects and soil flora in the zone of influence of electromagnetic fields.

The effect of the electromagnetic fields emitted from cell phones on living organisms and human
health have become one of the most important topics for research because cell phones are widely used
all over the world. In many countries, cellular communication occupies a special place among anthro-
pogenic sources of electromagnetic radiation. A cell phone is a small-sized transceiver operating in the
900/1800 MHz range, which refers to damaging environmental factors.

The influence of electromagnetic radiation of cell phones on the abundance of Daphnia magna
was investigated. Radiation effects are clearly evident in the toxicology study with Samsung Galaxy J7
and Vivo V 20 cell phones. During the experiment, the radiation of these models of cell phones was
established, and the abundance under the influence of Vivo V 20 was higher than under the influence of
Samsung Galaxy J7, but lower than in the control group.

Key words: electromagnetic radiation, electromagnetic fields, cell phone, Daphnia culture, amount,
hydrobionts.
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¥siAbl TeAechOHAAPABIH, SAEKTPOMArHUTTIK COYAEAEHYiHiH, acepiH
Daphnia magna cbiHak, 06beKTiCi apKbIAbl Gararay

Kasipri yakbiTTa XaAbIKTblH 3AEKTPOMArHWUTTIK KayincCi3Aik MpoOGAeMacbiHbIH — SAEYMETTIK
MaHbI3AbIAbIFbI KaszakcTaH PecrybAnKacbIHbIH, COHAAN-aK, AEMHIH 6acka eAAepiHiH Kasipri AamMybl yiLiH
©3eKTi MaceAeci 60AbIN Tabbiraabl. COHFbI €Ki OHXKbIAABIKTA YsSIAbI GaAaHbIC XKacaFraH PAAMOXMIAIKTI
DAEKTPOMArHUTTIK ©PIiCTepAiH KOpLUaFaH opTara acepi apTbil KeAeAi XoHe BYA YpAIC KaAracaabl
Aen kyTiayae. Tarpa OOAFaH BDAEKTPOMArHUTTIK OpICTEPAEH Kasipri 3amaHfbl TEXHOAOTMsIAAP
DAEKTPOMArHUTTIK AACTaHy KO3A€epiHe alHaAAbl. TexXHOreHAIK MpOLECTEPAIH, KYLUEloiHe >KaHe
OAapAbIH KepaiH 3AEKTPOMarHUTTIK epic acepiHe GarAaHbICTbl DIAEKTPOMArHUTTIK COYAEAEHYAIH Tipi
opraHM3mAepre acepi TakblpblObl 3epPTTEAYAE. DAEKTPOMArHUTTIK epicTepAiH 6apAbIK KO3AEpPI, 9AeTTE,
DAEKTPOMArHUTTIK OpICTEPAIH, 8cep €Ty alMarblHAAFbl OCIMAIKTEpre, >KaHyapAapFra, >X8HAiKTepre
XKOHe Tomnblpak, (PAOpPaChIHA 8Cep eTETIH KYPAEAI IAEKTPOMArHUTTIK COYAEAEHY KO3i GOAbIM TabblAaAbl.

YsaAbl TeredDOHAQP LWblFapaTblH 3AEKTPOMArHUTTIK OpICTEPAIH, Tipi OpraHM3MAep MeH apAam
AEHCayAbIFbIHA 9Cepi 3epTTeyY YiLiH MaHbI3AbI TaKbIPbINTaPAbIH 6ipi GOAAbI, GIMTKEHI YSIAbI TEAEOHAAP
OYKIA 9AEMAE KEHIHEH KOAAAHbIAAAbl. KenTereH eAAepAe 3AEKTPOMArHUTTIK  COYAEAEHYAIH
AHTPOIMOreHAIK Ko3AepiHiH apacbiHAA YsIAbl GaAaHbIC epekile OpbiH aAaAbl. YaAbl TeaedoH 900/1800
Ml AmManasoHbiHAQ >KYMbIC ICTEMTIH LWaFblH raGapuTTi KAObIAAAFbILI XXOHE OA KOpLUAFaH OpTaHbl
3aKbIMAANTBIH (hakTopAapAbliH 6ipi 6OAbIN CaHaAAAbI.

YaAabl TeaecpoHAapAaH BGOAATBIH DAEKTPOMArHUTTIK CoyAeAeHyiHiH Daphnia magna caHbiHa
acepi 3epTTeAAi. DAEKTPOMArHUTTIK CaYAEAeHYAiH acepi Samsung Galaxy J7 >xeHe Vivo V 20 ysiAbl
Tene(POHAQPbIHbIH 8CEPIHEH TOKCMKOAOTUSIABIK, 3€PTTEYAE aMKbIH KOPIHEAI. DKCMepPUMEHT Ke3iHAe
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YSIAbl TeAepOHAAPABIH OCbl MOAEABAEPIHIH CayAEAEHYi aHbIKTaAAbl >keHe Vivo V 20 acep eTkeH Ke3ae
0AapAbIH caHbl Samsung Galaxy )7 acepiHe kaparaHaa >KOFapbl 60AFaHAbIFbI, Bipak, 6akbiAay TOObIMEH
CaAbICTbIPpFAHAQ TOMEH BOAFAHABIFbI aHbIKTAAADI.

TyiiH ce3Aep: SAEKTPOMArHUTTIK COYAEAEHY, SIAEKTPOMArHUTTIK epicTep, ysiAbl TeAedOH, AadpHMS
MOAEHMETI, MOMyASLMS CaHbl, TMAPOOMOHTTAP.
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OueHKa BAUSIHUSI IAEKTPOMArHUTHBIX U3AYUYEHUI COTOBbIX TeAe(hOHOB
C nomoLupto TecT-o6bekTa Daphnia magna

B Hactosiiee Bpems npobGAemMa 3IAEKTPOMAarHWTHOM 06e30MacHOCTM HaceAeHus npuobpesa
COLMAAbHYIO 3HAUMMOCTb U1 IBASIETCS aKTyaAbHbIM BOMPOCOM AASI COBPEMEHHOT O pa3BuTus Pecnybamku
KaszaxcraH, a Takxke AAS9 APYrmMx CTpaH mMupa. 3a NMoCAeAHME ABa AECATUAETMSI PacTeT BO3AENCTBME
PaAMOYACTOTHBIX IAEKTPOMArHUTHBIX MOAEN, CO3AABAEMbIX MOOMALHOM CBSI3bi0, HA OKPYXKAIOLLLYIO
CpeAy M 0XXKMAQETCS, UTO 3Ta TeHAEHUMS coxpaHuTcs. CoBpeMeHHble TEXHOAOTMM CTaAU UCTOUYHMKaMMU
SAEKTPOMArHUTHOIO 3arpsi3HeHus, M3AYYaloLWMMKU SAEKTPOMarHUTHble MOoAsl. B cBg3M C ycuaeHnem
TEXHOTEHHbIX NMPOLLECCOB M UX BAMSIHUS HA SIAEKTPOMArHUTHOE MOAE 3eMAM BCe GOAbLLE U3YUaeTCs Tema
BAMSIHMS SAEKTPOMArHMTHOTO M3AYYEHMS Ha XKMBble OpraHm3mMbl. Bce MCTOYHMKM 3AEKTPOMArHMUTHbIX
MOAeN, Kak MPaBUAO, SIBASIOTCS MCTOYHMKOM KOMMAEKCHOIO SAEKTPOMArHUTHOIO U3AYYEHMS, KOTOpoe
OKa3blBaeT BO3AEMCTBME Ha PACTEHMS, >KMBOTHbBIX, HACEKOMbIX M MOYBEHHYIO (PAOPY B 30HE BAUSHUS
SAEKTPOMArHUTHbIX MOAEN.

BAMSHME 3AEKTPOMArHUTHBIX MOAEN, M3AYyYaeMbIX COTOBbIMM TeAepOHaMM, Ha XKMBble OPraHU3Mmbl
M 3A0POBbE YeAOBeka CTAaAO OAHOM M3 CaMbIX BaXKHbIX TeM AAS MCCAEAOBaHMIA, TaK Kak COTOBble
TeAeOHbl LLIMPOKO MCMOAB3YIOTCS BO BCeM Mupe. Bo MHOrmMx crpaHax cpean aHTPOMOreHHbIX
WUCTOYHMKOB 3IAEKTPOMArHWTHbIX M3Ay4YeHui ocoboe MecTo 3aHumaeT coToBas cBsizb. COTOBbIiA
TeAreOoH MPEACTaBASET COOOM MaAOrabapuTHbIM MpUemMornepeAaTunK, paboTaloumii B AuanasoHe
900/1800 MTI'1, KOTOPbIN OTHOCUTCS K MOBPEXAAIOLLMM (DAaKTOPaM BHELLIHEN CPEAbI.

McCcAeAOBAHO BAMSIHME 3AEKTPOMArHUTHOrO M3AYYEHMsI COTOBbIX TeAe(OHOB Ha UMCAEHHOCTb
Daphnia magna. 3ddexTbl M3AyUYEHUS YETKO BbIPAXKEHbl B TOKCMKOAOIMYECKOM MCCAEAOBAHMM
BO3AENCTBMS COTOBbIX TeanedpoHoB Samsung Galaxy J7 n Vivo V 20. B pesyabTaTe akcrnepumeHTa 6b1A0
BbISIBAEHO M3AYUYEeHUE AQHHbIX MOAEAEi COTOBbIX TeAehOHOB, Mpu 3TOM BAusiHue Vivo V 20 6biA0

Bbillle, Yem npu Bodaencteum Samsung Galaxy 7, HO HMXe Uem B KOHTPOAbHOW rpynne.
KAroueBble CAOBA: 3AEKTPOMArHUTHbIE M3AYUYEHMS, SAEKTPOMArHUTHbIE MOASl, COTOBbIN TeAeOoH,

KYAbTYpa AaOHUIM, YNCAEHHOCTb, TMAPOBUOHTBI.

Introduction

Living organisms, both plants and animals, ex-
ist under the constant influence of the environment
through environmental factors. Sustainable devel-
opment of each country affects the quality of life
and human health, which depends on the state of the
environment, the quality of food and drinking water
[1-3].

Currently, a large amount of data has been ac-
cumulated indicating the adverse effect of electro-
magnetic fields on biological objects [4-7]. The
electromagnetic field, as a factor of production and
the environment, is a risk factor for human health
[8, 9]. New technologies have dramatically changed
the biotechnological environment, thereby bringing
EMF sources closer to living objects.

The ecological significance of electromagnetic
fields is dramatically increasing in the modern world
and is becoming the subject of special study [10].

In 1995, the World Health Organization (WHO)
coined the official term “global electromagnetic
pollution of the environment.” WHO pays special
attention to the problem of negative effects of elec-
tromagnetic fields. WHO has included the problem
of electromagnetic pollution of the environment
among the priority problems of mankind [11]. In re-
cent decades, many researchers studied the impact
of an environmentally unfavorable environment on
the physical development and functional state of the
human body. It should be noted that negative factors
of anthropogenic impact contribute to a decrease in
health resources at the individual and population
levels. As it has been argued by some researchers
consider data that each ecological situation contrib-
utes to the formation of a certain phenotype [12].
Having entered our lives in parallel with rapid
developments in technology, electronic devices
have facilitated our lives and borough some health
problems due to the electromagnetic fields they
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emit. Research on the influence of electromagnetic
fields on human health is of considerable interest.
It must be underlined that the negative factors of
anthropogenic impact contribute to a decrease in
health resources at the individual and population
levels. Among the sources of technology-related im-
pact of electromagnetic radiation on the population,
the most common are cell phones [13-15].

In the research of O.V. Vorob’yeva and her
co-authors the effects of continuous and amplitude-
shift-keying low-intensity EMF of the 10-m range
with on—off cycling on fertility, offspring quality,
and linear body size was studied in the plankton-
ic crustacean Daphnia magna. Single exposure of
1-day-old crustaceans was shown to affect their re-
productive characteristics, causing fetal abnormali-
ties in the offspring and the linear dimensions of the
body [16].

V. Krylov in his studies used the developing
parthenogenetic eggs of Daphnia magna as a test
system to assess the impact of a number of low-
frequency electromagnetic fields with a density of
75 uT. Two blocks of EMF acting frequencies were
found in the studied series — 45, 110, and 175Hz,
and 435 and 500Hz. The developing parthenoge-
netic eggs of Daphnia magna exposed to EMF with
the indicated parameters showed an accelerated rate
of embryonic development. Females that developed
from open eggs showed productivity deterioration
in the first brood [17].

In their work El-Maleky and his co-authors re-
vealed an increase in the level of hepcidin with a
subsequent deterioration in iron parameters during
chronic exposure to EMF of mobile phones. The au-
thors studied the effect of EMF action of phones of
different durations on hematological parameters and
the level of serum hepcidin in male rats [18].

L. Aleksandrova and her co-worker presented
results of the impact of AMF in the immunogenesis
organs (thymus, lymphoid formations in the intes-
tine, somatic lymph nodes). It was established that
the morphologic changes in the central and periph-
eral lymph organs of rabbits upon single and repeat-
ed (chronic) exposure to anthropogenous electro-
magnetic fields are of different nature [19].

Tamoyoki Shirai and his colleagues conducted
a study in which pregnant rats and their newborn
offspring were exposed to communication signals
from various electromagnetic radiations. Thirty-six
pregnant 10-week-old Sprague-Dawley rats were
divided into three groups of 12 rats. They were
control and two experimental groups. The entire
body of mother rats was exposed to RF-EMF for 20
hours per day from the 7th day of gestation to wean-
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ing. The offspring rats were exposed up to 6 of age
weeks for 20 hours a day. No deviations from the
norm were observed in either females or offspring
of F1 exposed to RF EMF, or in offspring of F2 for
any of the parameters assessed. As a result, under
the conditions of that experiment, the simultaneous
exposure of the whole body to eight different EMF
communication signals at frequencies from 800
MHz to 5.2 GHz did not have any adverse effect on
pregnancy or development of rats [20].

In the studies of Morioka Y and her co-authors,
the effect of high-frequency electromagnetic radia-
tion on cells in vitro was examined. Rat’s fibroblasts
were cultured and exposed to continuous frequency
wave from mobile phones for 5 days. The results of
their experiments showed an insignificant effect of
the EMF of a cell phone with a power of 10 W/m2
at 800 MHz on cell polypheration and destruction.
The results also indicate the possible influence of
the electromagnetic wave on cell arrangement and
protein synthesis in cells [21].

E. 1. Sarapultseva and her colleagues analyzed
the result of direct and transgenerational effects of
RF-EMF on the model organism of crustaceans
Daphnia magna. The cytotoxicity of exposure as
well as survival, fertility and teratogenic effect of
directly exposed daphnids and their progeny across
three generations were analyzed. The results of
study showed that exposure of RF-EMF at juvenile
period can significantly affect the fertility and size
of irradiated daphnids and their offspring of the first
generation. The decrease in fertility may be associ-
ated with a cytotoxic effect on the cells of irradiated
animals [22].

Despite the fact that there are various studies
devoted to the influence of EMF on living organisms,
a lot of aspects are not sufficiently studied. In recent
years, attention has been drawn to experiments on
aquatic organisms for the toxicological assessment
of this physical factor [23, 24]. Currently, much
attention is paid to risk assessments and biological
effects of electromagnetic radiation in biota. Daphnia
are one of the most used test objects when studying
the influence of external environmental factors
on aquatic organisms, especially in toxicological
studies.

We have studied the effect of electromagnetic
radiation from cell phone on the course of germina-
tion of Siberian spruce’s seeds and the growth dy-
namics of seeds’ seedlings in the laboratory condi-
tions. For the test version, the cell phone Samsung
S3 (SAR 0.34) was used as a permanent source of
radiation. as a result of the conducted research, the
effect of the stimulating effect of the electromag-
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netic radiation of a mobile phone on the growth
of seedlings of Siberian spruce has been reliably
established [25].

In this work, the aim of this research was to
study the effect of electromagnetic radiation of cell
phones Samsung Galaxy J7 and Vivo V20 on the
amount of Daphnia magna.

Materials and methods

It is advisable to study the effect of ultra-
low doses of various substances on biological
objects using a test object such as daphnia. The
experiments were carried out on crustaceans of
the species Daphnia magna. The crustaceans of
the species Daphnia magna are larger and their
use in toxicological experiments is preferable. The
indicators of the life activity of crustaceans, which
include mortality, fertility, and the anomalies in the
offspring, have great importance for researchers.
Experiments with daphnia must be carried out in a
room free of chemical volatile substances.

In the experiments it was used crustaceans
Daphnia magna grown at a laboratory under
standard conditions. 200 ml of non-chlorinated
water was poured separately in 3 beakers with a
capacity of 500 ml. From the start of the experiment,
4 specimens of a mature daphnia species were placed

Table 1 — The scheme of the experiments

in each container at a temperature of 21+2°C. Each
beaker was placed in a separate room, where they
were influenced by cell phones. Irradiation with cell
phones was carried out from the upper side of the
experimental glasses with crustaceans. Cell phones
Samsung Galaxy J7 and Vivo V20 were used as a
radiation source.

The experiment took 21 days. From day 3, the
results were recorded. In addition, on the day of the
tests, the aquatic organisms were fed with cultures
of 2 ml of green algae (Chlorella sp).

In the experiment, to identify the effects of
radiation, observations were made over the control
group, as well as under the influence of Samsung
Galaxy J7 and Vivo V20 cell phones. 4 large
individuals were seated in 3 glasses: the control
group was not irradiated, while the second group was
irradiated with a Samsung Galaxy J7 cell phone, and
the third group was irradiated with Vivo V20 (table
1). During the experiment, the control group did
not receive any dose of electromagnetic radiation,
the second group was exposed to the ringing of a
Samsung Galaxy J7 cell phone for 10 minutes, every
10 minutes; the third group consisted of daphnia,
which were exposed to the ringing of the Vivo V20
cell phone for 10 minutes, every 10 minutes. The
total irradiation time of crustaceans was 3 hours in a
silent mode [26].

Groups Control group Under the irradiation of Under the irradiation of Vivo
Samsung Galaxy J7 V20
Number of experiments 3 3 3
Number of Daphnia magna 4 4 4
Duration, hours 3 hours 3 hours 3 hours
Exposure 10 minutes 10 minutes 10 minutes
Break 10 minutes 10 minutes 10 minutes
Mode silent silent silent

Results and Discussion

The results of the survey revealed that under the
conditions of this experiment, changes in growth
occurred in all groups. During the work, it was found
that when exposed to electromagnetic radiation from
cell phones Samsung Galaxy J7 and Vivo V20, the
development of daphnia does not result in a decrease
in their survival.

The experiment showed that large crustaceans,
compared with the control group, demonstrated
changes in the abundance on the 15th day after
exposure to the Vivo V20 phone, and on the 17th
day after irradiation with the Samsung Galaxy
J7 phone, the difference of a delay of 2 days
did not affect the total amount on the 21st day.
Thus, during the study, the following values were
obtained (Fig. 1).
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Galaxy J7

" Vivo V20

Figure 1 — Change in the number of large individuals of Daphnia magna after irradiation
with Samsung Galaxy J7 and Vivo V20 phones

The observed values are changes in the growth
of daphnia. At the beginning of the experiment, large
crustaceans remained in number, but on the 15th
day under the influence of the Vivo V20 cell phone
there was an increase. The same happened on the
17th day under the influence of the Samsung Galaxy
J7 phone. This indicates that electromagnetic fields
contribute to a change in the population of aquatic
organisms.

Further in the work, the changes in number of
young daphnia exposed to electromagnetic radiation
were investigated. Irradiation of young crustaceans
under the conditions of this experiment has little
effect on their amount: the decrease in growth is
higher when exposed to the Samsung Galaxy J7
phone from the control level, and when irradiated
with the Vivo V20 model, the decrease was even
less. Data on the effect of irradiation on the fertility
of daphnia during 21 days of observation is presented
in Fig. 2.

The experiment revealed that exposure to the
Samsung Galaxy J7 phone resulted in decrease of
33% on the 3rd day, and 41.2% on the 21st day;
while a significant decrease of 63% occurred on the
13th day. Also, the crustaceans exposed to the Vivo
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V20 showed decrease of 66.7% on the 3rd day, and
29.5% on the 21st day. It was also noted that under
the influence of the Samsung Galaxy J7, the number
of young crustaceans decreased more than in the
control group and the group exposed to the Vivo
V20 model.

In the course of the experiment, it was
established that the irradiation of the Samsung
Galaxy J7 cell phone led to the growth of daphnia
on days 2-21, while the irradiation of the Vivo
V20 phone resulted in higher growth of daphnia,
but both groups showed less growth than the
control one. The amount of growth of 2-7 days
old crustaceans was 8 under the influence of the
Samsung Galaxy J7, while this value in the Vivo
V20 group was 6.64. On days 8-13, the amount of
growth was 16.3 in the Samsung Galaxy J7 group,
and with the Vivo V20 phone, this figure was 8.97.
The group of 14-21 days old crustaceans showed
the amount of growth of 26.75 under the influence
of the Samsung Galaxy J7. In the same age group,
the amount of growth was 0.84 under the influence
of Vivo V20. A more detailed consideration of the
dynamics of the number of young crustaceans is
given in table 2.
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Figure 2 — Growth of young Daphnia magna under the influence
of Samsung Galaxy J7 and Vivo V20 cell phones

Table 2 — The amount of Daphnia magna in an EMF study exposed to Samsung Galaxy J7 and Vivo V20 cell phones

Age of the irradiated Control group Under the influence of Under the influence of Vivo
crustaceans Samsung Galaxy J7 V20
1 day old 4+0,01 440,03 440,05
2-7 days old 19,3+0,035 11,33+0,14* 12,66+0,348*
8-13 days old 41,3+0,14 25+0,408* 32,33+0,125%*
14-21 days old 54,5+0,192 27,75+0,603** 53,66+0,553
Note — * — p< 0,05; ** —p< 0,01; *** — p< 0,001 compared with control species

The results show that electromagnetic radiation
has an impact on daphnia abundance, with the Vivo
V20 having a higher impact on daphnia growth
than the Samsung Galaxy J7. The results of the
study showed that the irradiation of cell phones
provided the reliable data on its effect on the number
of crustaceans Daphnia magna. The only minor
exception was the group that was exposed to the
Vivo V20 phone on days 14-21.

Conclusion

The  literature  references  show  that
electromagnetic radiation is manifested when
certain parameters of radiation and the physiological
state of living objects coincide, which determines
its sensitivity to the action of radiation. Thus,

according to the above changes, it can be noted
that the results of the experiment with daphnia
do not allow us to assert the negative effect of
electromagnetic radiation, since under the influence
of the Samsung Galaxy J7 and Vivo V20 phones,
the growth of daphnia occurred. Based on the results
of the growth dynamics of aquatic organisms for 21
days, the influence of the cell phones frequencies
on the growth rates of aquatic organisms can be
clearly established. All 3 variants demonstrated the
increase in the number of crustaceans. However,
when exposed to the Samsung Galaxy J7, the
number of daphnia was lower. In general, the
experiment indicates that one cannot but take into
account the effect of electromagnetic radiation on
the development of daphnia, as this poses a threat to
aquatic organisms.
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