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Systematic review of wireless phone use and brain
cancer and other head tumors

INTERPHONERF 2 (E [ £t Rl Z = H ZT . 2010)
ANE—A—H—IZBITEKEZ D) REMERE
2010 MRS, SEIEE. 2011F FEMRHIE
(—ERHER TAE —1—H —Toddstk N B EIC1EF B A DEENH 1)

EEN AT HERT (IARC) (2011) (X B D HEMNATEEEMEIZDULNT,
[FENAEDLHEIMELNELNT IL—T28)]

TABLE 1. Results of Studies on Time Since First Cell Phone Use and Risk td Variation in Effect Estimates Short-term use (a) Long-term use (b)

Attributable to Heterogeneity

j j j Reference
Short-term use® Long-term use® Ever used®
- Reference
Exposed cases Exposed Muscat et al., 2000 —
Study {exposure period)” OR (95% CI)  Exposed cases® OR (95% CI) cases” OR (95% (1) Inskip etal, 2001 I Hardell et al.. 2002 i
- Hardell et al., 2002 — ardeletal,
Muscat et al. [2000] © 49 (1-3 years) 0.9 (0.6-1.4) 66 0.7(05-11)  Hardell et al. 2006 . Hardell et al , 2006
Inskip et al. [2001] © 31 (0.5-3 years) 0.9 (0.5-1.6) 201 LOOT14)  ierhone Study Group, 2010 — Interphone Study Group, 2010 1
Auvinen et al. [2002] 25 (=2 years) 1.5(0.9-2.4) 36 1.5(1.0-2.4) Hardell et al. 2010 Hardsll ot al. 2010
Hardell et al. [2002] ™ 36 (1-6 years) (analog)  1.1(0.7-1.8) 43 (>6 years) 1.2 (0.8-1.8) 79 LIO8-16) o 02 i ardell et al., 201
Hardell et al. [2006] ¢ 100 (digital) 1.6 (1.1-2.4) 48 (analog) 3.5(2.0-64) 68 (analog)  2.6(1.5-4.3) P Schiiz et al., 2006
Schiiz et al. [2006] © 266 (1-4 years) 1.03 (0.91-1.17) 28 0.66 (0.44-0.95) 580 097 (0.89-106) Schizetal, 2006 T Overall
Interphone Study 800 (1-4 years)  0.77 (0.66-0.90) 252 098 (0.76-126) 1666 081 (0.70-094) Overal
Group [2010]
Hardell et al. [2010] 33 (1-5 years) 1O (0.6-1.7) 38 24(1.4-4.1) 106 1.3 (0.9-1.9) - ‘ - ‘ PP A R
Combined OR 1.03 (0.86-1.24) 140 (0.84-231) 1.07 l(] 89-129) %5 1 2 4 2
P 63.6% 87.0%
Heterogeneity P 0.008 <0.001 (1 (1m
(Repacholi et al., 2012)
=x & e RE . *tHR odds ratio follow up(£AfE)
Melanoma, squamounscell 355,701% DR REEEE
Poulsenetal 2013 ; -4 - 1% 1 2(0.65-2.22 134ERS
carcinoma AE%RAE
Al-Qhatani et al 2016 parotid gland tumor 26/61 3.47(1.3-923) 74/
Shresta et al 2015 S e Case report Increased risk with
Leng & Zang 2016 80 cases, 240control mobile phone use
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ROZREEEDBNBEAE (FRIE. 8. RPN

electromagnetic field

Task performed

findings

Preece et al. (1999)
Koivisto et al. (2000a)

Koivisto et al. (2000b)

Haarala et al. (2003b,2004)
Lass etal. (2002)

Edelstyn & Oldershaw (2002)

Zwamborn et al. (2003)

Smythe & Costall (2003)

Maier et al. (2004)

Curcio et al. (2004)

Besset et al. (2005)

Russo et al. (2006)

Keetley et al. (2006)

Eliyahu et al. (2006)

Terao et al (2006)

Eliyahu et al. (2006)

Wilén et al. (2006)

Haarala et al. (2007)

Regel et al. (2007)

Cinel et al. (2007)

Terao et al. (2007)

Riddervold et al. (2008)
Furubayashi et al. (2009)
Okano etal. (2010)

Curcio et al. (2012)
Vecchio et al (2012)

Sauter et al (2015)
Malek et al (2015)
Guxens et al (2016)

Martes et al (2017)

915-MHz GSM, mobile telecommnunication
900-MHz GSM, mobile phone

900-MHz GSM, mobile phone

902-MHz GSM pulsed EM field
450-MHz RF modulated at 7 Hz

900-MHz GSM mobile phone
UMTS-like signal at 10 V/m.
900-MHz GSM mobile phone

900-MHz GSM-type RF

900MHz GSM

900-MHz GSM

888-MHz continuous-wave (CW) or GSM RF

GSM RF radiation

GSM mobile phone RF radiation

800-MHz mobile phone

GSM mobile phone RF radiation

mobile phone radiation

continuous or GSM signal operating at 0.25 W

900-MHz GSM

900MHz GSM-like and continuous wave signals

Mobile phone (1.95 GHz EMF at
0.27W net antenna input power, 250 mW)

2140-MHz base station-like signal modulated as
UMTS, or a 2140-MHz continuous-wave signal

2.14 GHz, 10 V/m (W-CDMA)

Mobile phone (1.95 GHz EMF at
0.27W net antenna input power, 250 m\W)

902.40 MHz GSM-EMF
902.40 MHz GSM-EMF

TETRA EMF (385 MHz)
Short-term exposure GSM, UMTS
RF- EMF

RF-EMF from mobile-phone base stations

short- and long-term memory, simple and choice reaction time, and sustained

attention

Simple and choice reation time tasks, vigilance task

12 cognitive tasks including simple reaction time and vigilance tasks, mental

arithmetics task

short term memory task

3 cognitive tasks including memory recognition task
6 widely used cognitive tasks

reaction time, memory comparison,
dual-tasking, selective visual attention, and filtering irrelevant information

short- and long-term memory tasks

Discrimination of auditory stimuli

acoustic simple reaction time task, visual search task, arithmetic ~ descending

subtraction task, acoustic choice reaction time task
europsychological battery of 22 tasks screened information processing,
attention, memory, and executive function

reaction-time task,
10-choice serial reaction time task, subtraction task, and vigilance task,

Rey’s audiovisual learning test, digital span test,
digital symbol substitution test, speed of comprehension test, trail making
task, reaction time task, choice reaction time task, and inspection time task

spatial item recognition task, spatial item recognition task, spatial
compatibility tasks

Precued choice reaction time task

spatial item recognition task, spatial item recognition task, spatial
compatibility tasks

tests of arousal and vigilance, short-term memory, and reaction times

simple reaction time, 10-choice reaction time, subtraction, verification,
vigilance, and memory (n-back test).task

Simple reaction time task, 2-choice reaction time task, n-back task, visual
selective attention task

auditory order threshold task

visually guided saccade (VGS), gap saccade (GAP), and memory guided

saccade (MGS) task

reaction time (RT1) Rapid Visual Information Processing (RVP), Paired
Associated Learning (PAL)

Precued choice reaction time task
antisaccade task, overlap saccade task, memory guided saccade task

somatosensory task
visual go/no-go task

Cognitive function
Cognitive performance, physiological measures

Cognitive fundtion

significant shortening of reaction time in choice reaction time, no change in simple reaction time

no significant reaction time in choice reaction time, reduction in simple reaction and vigilance task
speeding up of response times in simple reaction time and vigilance tasks, the cognitive time needed in a mental
arithmetics task was decreased

Failure to confirm above results, no effects on adults’ and children’s cognitive function
no significant effects in exposed group, showing worse performance and greater intersubject variability. Fewer errors on
the memory recognition task in exposed subjects

exposure facilitated cognitive tasks involving attentional capacity and one task that involved processing speed

No significant effects on the cognitive functions

males exposed to an active phone made fewer spatial errors than those exposed to an active phone condition, while
females were largely unaffected

Exposure significantly reduced the subsequent performance of the task

Significant reduction of both simple and choice reaction
times, subjects exposed before testing
performed more rapidly than those exposed during testing

no significant effect of RF exposure on task performance

no significant effects of RF exposure on task performance

simple and choice reaction times showed significant impairment

exposure of the left hemisphere of the brain resulted in slower left-hand responses in the second session compared to the
first, for the spatial item recognition task and one spatial compatibility task

Exposure did not have any significant effect on reaction time or accuracy

exposure of the left hemisphere of the brain resulted in slower left-hand responses in the second session compared to
the
first, for the spatial item recognition task and one spatial compatibility task

No significant effects of RF radiation on any cognitive variable

No significant difference on response between exposure to either the left or right hemisphere and sham exposure

reduction of reaction time with increasing field strength for the
1-back task, and similar relations at trend level for the 2-back task and the choice reaction time task, but no significant
effect on the simple reaction time or 3-back task.

Replication of the Maier et al (2004) study on a larger number of subjects, no significant effect of exposure to RF EMF

no significant effect on saccade tasks

no significant effect on cognitive functions

no significant effect on cognitive functions

no significant effect on inhitibion of saccades

RTs in a somatosensory task resulted unaffected.

faster reaction time to go stimuli in the post- than pre-exposure

negative impact of a short-term EMF-effect of TETRA on cognitive function and well-being

o statistical significant difference between the exposure and sham exposure towards cognitive
performance and physiological effects

improved visuomotor coordination with residential presence of RF-EMF indoor sources and higher personal cell phone
use

perceived exposure was associated with higher symptom reporting scores in both cross-sectional and
longitudinal analyses. as well as with sleep disturbances in cross-sectional analyses.
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Parameters assessed

findings

Reiser et al. (1995)
Réschke and Mann (1997)
Borbély et al. (1999)
Hietanen et al. (2000)

Lebedeva et al. (2000)

Freude et al. (2000)
Huber et al. (2000)

Huber et al. (2002)

D’Costa et al. (2003)

Kramarenko and Tan (2003)

Hinrikus et al. (2004)
Papageorgiou et al. (2004)
Curcio et al. (2005)

Maby et al. (2006)

Bachmann et al. (2007)
Vecchio et al. (2007)
Regel et al. (2007)

Perentos et al. (2007)
Hinrikus et al. (2008)
Croft et al. (2008)

Kleinlogel et al. (2008)

Croft et al. (2010)

Vecchio et al. (2010)

Vecchio et al. (2012)

Trunk et al. (2013)
Lustenberger et al (2015)
Eggert et al (2015)

Ghosn R et al(2017)

GSM mobile phone

GSM mobile phone positioned at 40cm from vertex
900-MHz “pseudo GSM signal”

Analogue and GSM at 900 and 1800 MHz, hand-sets

900-MHz signal directed
at the back of the head

900-MHz GSM phone
900-MHz GSM signal

900-MHz GSM signal, hand-set
continuous-wave 900-MHz signal

GSM phone positioned behind the head, the antenna
pointing toward the head.

GSM phone on standby

450-MHz microwaves
with 7-Hz on—off modulation

GSM-like signal
900-MHz GSM phone
undefined GSM mobile phone

450-MHz signal, pulse modulated at 1000 Hz, 30min
GSM phone located at the left side of the head

GSM-type pulsed or continuous, planar antenna.

900-MHz GSM mobile phone or a 900-MHz continuous
wave

7-, 14-, and 21-Hz pulse-modulated
450-MHz microwaves

875-MHz GSM phone

1950 MHz UMTS (SAR 0.1 and 1 W/kg), pulsed 900 MHz
GSM (1 Wikg)

2nd generation (2G) GSM, and 3rd generation (3G) W-
CDMA

GSM-EMF

GSM-EMF

3rd generation (3G) Universal Mobile Telecommunications
SystemUMTS

900 MHz (2 Hz pulse, 20 Hz Gaussian low-pass
filter and a ratio of peak-to-average of 4) RF EMF

TETRA RF 385MHz

GSM RF 900 MHz

EEG power
EEG power
EEG power
EEG power

EEG power

EEG power during a visual monitoring task

EEG power before sleep

Waking EEG

EEG power

EEG power

EEG power
EEG power during a memory test
EEG power
EEG power

EEG power
EEG connectivity
EEG power

specified EEG bands
EEG power
EEG power

EEG power

EEG power (alpha activity)

inter-hemispheric functional coupling of
electroencephalographic rhythms delta (about 2-4 Hz),
theta (about 4-6 Hz), alphal (about 6-8 Hz), alpha2
(about 8-10 Hz), and alpha3 (about 10-12 Hz)

inter-hemispheric functional coupling of
electroencephalographic rhythms delta (about 2-4 Hz),
theta (about 4-6 Hz), alphal (about 6-8 Hz), alpha2
(about 8-10 Hz), and alpha3 (about 10-12 Hz)

EEG power (alpha activity)

EEG power (delta andntheta activity)

Slow cortical actitity

EEG power (alpha activity)

Increased power of EEG frequencies in the 18-35 Hz

No significant effect on the EEG

Increased resting EEG power in the 11-11.5 Hz bin only

effect in only absolute but not relative power in one frequency band in one of four brain regions

“dimensional complexity” was more sensitive to the effects of RF signals than conventional indices.
decrease of EEG power in all regions except frontal
Resting EEG reduced in the 10.5-11 Hz range

Increased power in the alpha band for pulse-modulated EMF only

EEG alpha (8-12 Hz) and beta (13-30 Hz) bands showed significant differences when the full power
mode was on

A slow-wave delta (2.4-6 Hz) appeared in
areas on the side of the phone in adults, the slow
waves with lower amplitude (1-2.5 Hz) appeared earlier in children

Changes in the EEG in the frontal region

exposure decreased the power in males and increased it in females , no effect of exposure on
performance in the memory test, no details of experimental setup given

A small increase in some frequencies in the alpha band, stronger under exposure

decrease in EEG power in the theta, alpha, and beta bands, decrease in the variations in the delta band,
in the epileptic patients an increase in power in all EEG bands

Significant changes in the ratio of the EEG power in the beta and theta frequency bands
the connectivity between both brain hemispheres in parts of the alpha band (8-12 Hz)
An increase in frequencies in the alpha band

No significant effect of either type of signal on any EEG band

Significant changes in the alpha (8-13 Hz) and beta (15-20 and 22-38 Hz) bands with the 14- and
21-Hz modulations, No effect of the 7-Hz modulation

An increased power in the alpha band, larger on the ipsilateral compared to the contralateral side in
posterior regions

No significant changes in the measured parameters
young adults' alpha was greater in the 2G compared to Sham,

no effect was seen in the adolescent or the elderly groups
no effect of 3G exposures was found in any group

Increased inter-hemispheric synchronization of the dominant (alpha) EEG rhythms in elderly during
GSM

increases in inter-hemispheric functional coupling of electroencephalographic o rhythms

No measurable effects on the EEG spectral power
in delta, theta, alpha, and beta frequency bands

No reproducible within-subject RF EMF effects on sleep spindle and delta-theta
activity

No evidence of RF-EMF exposure-dependent brain activity modifications

Significant decrease of the alpha band spectral power during closed-eyes condition




authors electromagnetic field power of exposure findings
Reite et al. (1994) 27.12MHz modulated at 42.7Hz decreased sleep latency by 2min, increased deepsleep by 1min
Mann & Rdschke (1996) 900MHz GSM reduced sleep onset latency, reduced percentage REM sleep with increased power density of alpha wave
Wagner et al. (1998) 900-MHz GSM 0.5 and 0.2 W/m2 failed to replicate Mann and Roschke (1996)
Borbély et al. (1999) “pseudo GSM"900-MHz reduced number of waking episodes after sleep onset, EEG power spectra during the first of the night’s
episodes of REM sleep
Wagner et al. (2000) GSM 900-MHz, 50 W/m2 2 W/m2 no significant effects on sleep architecture or EEG spectral power density

Huber et al. (2000)

Huber et al. (2002)
Loughran et al. (2005)

Regel et al. (2007)
Fritzer et al. (2007)

Hung et al. (2007)
Lowden et al. (2011)

Danker-Hopfe et al. (2011)

Nakatani-Enomoto et al. (2013)
Burgess et al (2017)

900MHz GSM, antenna

900MHz GSM, hand-set
894.6-MHz mobile phone

900MHz GSM
“pseudo” GSM900-MHz

900-MHz GSM
884 MHz GSM, on-DTX and DTX mode

900MHz GSM, mobile phones W-CDMA

1950 MHz, mobile phones W-CDMA
No effect on the electroencephalogram

larger sample (50)
similar as Huber et al. (2002)
similar as Borbély et al.

different ELF pulse modulations

10 g psSAR of 1.4 W/kg

SAR 1.52and 0.13 W/kg
390-400MHz

increased spectral power in alpha and beta bands (9.75-11.25 Hz and 12.5-13.25 Hz) in the first non-REM
sleep phase.
significant rise in the 12.25-13.5 Hz band during sleep

increase in spectral power only in the 11.5-12.25 Hz range

dose-related increase in spectral power in the 10.75-11.25 Hz and 13.5-13.75 Hz bands during non-REM
sleep

No significant differences in any parameter

an increase in sleep latency, no change was seen in 1-4 Hz EEG power
decreased time in Stages 3 and 4 slow-wave sleep, increased alpha range in the sleep EEG

No evidence indicative of a negative impact on sleep architecture

No significant differences sleep variables and power EEG spectra

No significant effect on EEG

authors

electromagnetic field

imaging modality
/task perfomed

findings

Huber et al. (2002)

Huber et al. (2005) exposure

Haarala et al. (2003)

900-MHz GSM, mobile phone
900-MHz GSM, base-station-like and mobile phone-like

902-MHz GSM-phone signal

PET
PET

PET / visual working memory task

significant increase in rCBF in the dorsolateral prefrontal cortex of the left (exposed) hemisphere

Increased rCBF the dorsolateral prefrontal cortex on the side of exposure only for mobile phone-like
exposure

bilateral decrease in rCBF in the auditory cortex, no significant change in the task performance

Aalto et al. (2006) 900-MHz GSM PET reduced rCBF close to the antenna, and an elevation at various other locations deeper in the brain
Mizuno et al. (2009) 195MHz, W-CDMA PET no significant rCBF changes caused by the EMF

\Volkow et al. (2011) acute cell phone exposure PET increased cerebral metabolic rates of glucose in the brain regions closest to the active handset
Kwon et al. (2012) 902.4-MHz GSM, mobile phone PET no significant rCBF changes caused by mobile phone

Soderqvist et al. (2015) RF-EMF (890MHz, SAR=0.2, 2.0W/kg) BBB no significant effect on BBB function




authors

Provocation study

electromagnetic field

Symptoms d

findings

Koivisto et al. (2001)

Hietanen et al. (2002)

Rubin et al. (2006)

Wilén et al. (2006)

Oftedal et al. (2007)

Zwamborn et al. (2003)

Regel et al. (2006)

Eltiti et al. (2007)

Riddervold et al. (2008)

Landgrebe et al. (2008)

Rubin et al. (2008)

Furubayashi et al. (2009)

Lindholmi>(2011)

Choi et al. (2014)

pulsed 902-MHz field, 30min, 1hr

RF EMFs

900-MHz GSM mobile phone radiation, 50min

900-MHz (GSM) RF radiation, 30min

450-MHz RF modulated at 7 Hz

UMTS-like signal at 10 V/m., GMS signal at
0.7V/m

2140-MHz UMTS base-station-like RF signal

GSM and UMTS fields, 10 mW/m2

2140-MHz signal modulated as UMTS, or a 2140-
MHz continuous-wave signal, 45 min

mobile telephone exposure

mobile telephone exposure

UMTS-like signal at 10 VV/m, 30min

GSM mobile phone

3 G mobile phones

rate subjective symptoms and
sensations

Blood pressure, heart rate,
and breathing rate, report any abnormal
feelings.

Subjective scoring of the severity of
headaches and various other symptoms
such as nausea, fatigue, and dizziness

Physiological parameters such as heart-
rate variability, electrodermal activity,
and respiration rate, cognitive function
tests

headache, discomfort, and various
physiological parameters

cognitive functions and self-reported
well-being

self-reported well-being

Well-being, physiological functions,
perception of EMF

self-reported symptoms and
perceptions of air temperature, air
humidity, and air quality

fMRI

occurrence of symptoms

Psychological and cognitive
parameters, autonomic functions,
perception of EMF and level of
discomfort

26 children(age 14 —15/%)
GSM 900MHz

26 adults and 26 teenagers

No significant differences were found between exposure conditions, although fatigue and headaches
increased toward the end of sessions.

more symptoms were reported during sham exposure than during real exposure, subjects could not
indate sham exposure from real exposure

Prevalence of various symptoms experienced was higher in sensitive than non-sensitive subjects. No
difference in detecting real/sham exposure between sensitive and non-sensitive subjects.

No significant effects of RF radiation on any physiological
parameter were found. “Sensitive” subjects showed
differences in heart-rate variability compared to controls

increase in headache and discomfort was found after sham but not after real exposure; subjects
could not perceive being exposed .no effects on heart rate and blood pressure..

Assignificant decrease in well-being after UMTS exposure, No significant effects were seen using
GSM signals either at 900 or 1800 MHz

Subjects were also not able to discriminate between exposure levels, but they reported more health
complaints
when they suspected exposure

well-being of the sensitive but not of the control subjects was decreased after GSM and UMTS
exposure, skin conductance and heart rate were higher than in controls, but these parameters were
not influenced by exposure. Perception of the on/off status of the field not better than chance in
either group

no significant effect on symptoms and perceptions

electrosensitive subjects, the areas of the brain that are activated
in anticipation of, and during, sham exposure are the same that are activated in both sensitives and
nonsensitives when they are exposed to heat

Well-being in those who use the label “electrosensitive” was worse than in the subjects that reported
being sensitive to mobile phones but that did not use the label “electrosensitive,” or in controls
without symptoms.

The subjects with mobile phone-related symptoms did experience a higher level of discomfort than
controls, but this was independent of the type of exposure. Perception of the on/off status of the field
not better than chance in either group

During the short-term RF exposure, local cerebral blood flow did not change, no change in ear canal
temprature, autonomic nervous system no change

RF radiation emitted by WCDMA mobile phones demonstrated no effects in either adult or teenager
subjects.
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Augneri>(2008) GSMEFBHEEMB DRFEIRNRE 57N 900MHz TETEDIRERL
Cinel>(2008) %.’ﬁﬁ;’&it(iGSM%%%%ﬁ%tﬁ%@RF% ITHyPRKEME496 N 888MHz BEGEREIEGL

BEEE (T, BB LR LT, BHIRERAT 58

Hillerti>(2008) GSMHEHEEE 7IAD B BEE 884MHz RF AIEGL
Riddervoldi5(2008) UMTSHEHBER B ORFEERE EEHIOAN, BRAMOAN  2140MHzRF REICLIEEDEAL
< 5 . 5000 A (ZHEDH) . 5543 MPRSE£(. JEMPRSEEICLLES LT, (M E - BRANEE - B
Furubayashii>(2009) W-COMARETHE RS A DMPRSER = 2.14GHz RF e S e R
1048 O B K 18 BUAE 1R ER I o »
Kwoni5(2011) Smart phone(WCDMA) =z 1950MHz RF 39&?0)%%11}?& FEIRSE TR () S5 A— A~ DEE (L
10% DR HERERE Lo

420 MHz for TETRA,

900 and 1800 MHz ~ EMF exposure “#ERE DB R DM IC A B4 BEE (XA
forGSM, and 2020 Ly,

MHz for UMTS

Eltitii> (2015) Base stationH\ 5 DEMF 56 IEI-EMF and 120 control

significantly different sleep scores, no difference in

Antdrianome et al (2016) ) 30 IEI-EMF and 25 control . . . .
saliva melatonin, urine 6-sulfatoxymelatonin
Antdrianome et al (2017) 30 EHS patients, 25 normal ) High levels of sallya) alpha.amlyase seen in
subjects electrohypersensitive patients
- i A4 A =R A D EHEE . . = G
van Moorselaari>(2017) Egd%m'%equency S UER RS O BHER mA42% RF. VLF BHIBEDREEZRMNT HIENTE,
2

Idiopathic Environmental Intolerance
Verrenderi5(2018) attributed to Electromagnetic Fields (IEI- 3 participants aged 44-64  902-928 MHz REICKIBEHEL. EBHREDERDENEZH,HOT-

EMF)
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Baste et al. (2016)
iR DO BHROEFTEEFEATRBRICEYETLIRITIEEL,
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