Short-term radiofrequency exposure from new generation mobile phones reduces EEG alpha power with no effects on cognitive performance
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Supplementary Material 1: Exposure Systems and RF Dosimetry
Introduction 
The exact conditions of exposure go beyond the scope of the methods in the main text. Hence, we elaborate on this topic in the first section. The RF exposure system consisted of signal sources (mobile phone or signal generator), power amplifiers, the antenna holding fixture and the antenna itself. Fig. 3 in the main text shows a block diagram of the setup.

Signal Source and Amplification
UMTS signal 
The UMTS RF exposure was administered by means of a standard Nokia 6650 (Nokia, Espoo, Finland) MP via Phoenix Service Software (v. 2005/44_4_120; Nokia, Espoo, Finland) for 20 minutes. The MP was connected to RF amplifier (Bonn Hungary Electronics Ltd., Hungary). The patch antenna was connected to the output of RF amplifier. For the details on the exposure device and conditions, see Vecsei et al.1
LTE signal
The LTE “signal cocktail” was generated by Anritsu MG3700A (Anritsu Co., Japan) programmable signal generator. This device is able to generate an arbitrary baseband waveform and mix it on a RF carrier of arbitrary frequency and power. The specific LTE signal used in the experiment was created on a PC with Anritsu's software (IQproducer, Version 7.00, Anritsu Corporation) then uploaded to the signal generator. During the experiment itself the signal generator was remote controlled via TCP/IP by our custom-developed driver software. We selected the 16QAM modulation scheme and all 100 resource blocks possible in this configuration were active. It should be noted that such signals rarely occur in practice however from an experimental standpoint it approximates well the "worst case", that is, the one causing the highest possible exposition. The signal generator was connected to RF power amplifier BPAM14 (Bonn Hungary Electronics, Hungary), capable of operating between 1700-2000 MHz, with a maximum output power of +41 dBm. The same patch antenna was used as in the UMTS experiment. Our previous measurements revealed that the SAR pattern generated by the patch antenna was localized close to the area of the antenna surface and was highly concentrated there. In our experiment we set the maximum SAR to be 1.8 W/kg and distance between the ear and antenna to be 7 mm. These values determine the input power to be 2.72 W (34.35 dBm).
Patch antenna
The exposure device was based on a single-sided round dual band patch antenna (Reinheimer Elektronik, Wettenberg, Germany; model no: M30EXO-0250-XX) with resonant surface and ground plane on the same side. This antenna arrangement provided sufficiently enhanced local exposure at the ear region. The 31-mm-diameter 0.5-mm thick patch antenna was encapsulated in a 40-mm-diameter 7-mm-thick transparent plastic capsule with Styrofoam isolation. The antenna was tuned with a waveguide resistor resonator and capacitors (SMD realization). Reflection measurements demonstrated that the capsule did not have any significant effect on the antenna's reflection parameters or effectiveness. The non-metallic side of the antenna was designated to be the application side. The covering case on this side was 1 mm thick. The antenna described here was developed earlier and was used in earlier investigations already published.2-4 A plastic holding fixture with spherical joints allowed precise, repeatable antenna positioning. The patch antenna was mounted in a position mimicking the normal use of an MP, the centre of the patch antenna was near the exit of the ear canal, above the tragus, at a distance of 7 mm. The EEG cap compressed the pinna, allowing more precise positioning.
Measurement of specific absorption rate (SAR)
In any experiment dealing with the possible biological effects of RF exposure the accurate quantification of the SAR is of critical importance. Unfortunately, SAR is not directly measurable; in practice it is either derived from numerical simulation or it is calculated from electric field measurements made in a phantom filled with brain tissue-equivalent liquid. The measurements of absorbed radiofrequency power in the head, termed specific absorption rate (SAR, W/kg), were made in a standard human head SAM phantom (Specific Anthropomorphic Mannequin phantom, Antennessa, France) filled with standard brain tissue-equivalent liquid (Satimo, France) according to CENELEC standard EN 50361 (CENELEC, 2002). A small electric field probe (O6-EP64, Satimo, France) connected to a microvoltmeter (Keithley, USA) was used for the measurement of the electric field strength within the liquid. The liquid calibration was based on an open-ended coaxial cable immersed in the phantom liquid connected to a vector network analyser (Wiltron 360B, USA). The electric field probe motion was realized by a servo-driven XYZ positioning system with a 3D step motor robot (Charlyrobot SA, France).
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]

Supplementary Material 2: Stroop Test Quality Control

With respect to our own implementation of the Stroop test, we evaluated whether the FAC and IF to be measured could be reliably detected, so as to enable the measurement of RT changes caused by the RF exposure. You can find the description of the quality control analyses below.

For Stroop test quality control mixed ANOVA was used in a three-way (2 × 2 × 3) × 2 design considering only RTs of sham exposed sessions. Within-subject factors as time (two levels: pre-exposure, post-exposure) × task (two levels: word-naming (WN), colour-naming (CN)) and condition (three levels: congruent, neutral, incongruent) and between subject factor RF type (two levels: UMTS, LTE) were considered at α-level of 0.05 with adjustment for multiple comparisons (Tukey correction) at post hoc tests. Interference (IF) and facilitation (FAC) effects (see main text for definitions) were tested as planned comparisons and results of t-tests and mean differences (MD) are reported. Data met the assumption of normality. In the few cases when sphericity (Mauchly's Test of Sphericity) were violated a Greenhouse-Geisser correction was used and degrees of freedom are reported with one decimal digit. In descriptive statistics, groups are represented in mean RTs with standard deviation.
A significant main effect of time was found (F1,48 = 36.289; p < 0.001, η2p = 0.435). At the second Stroop-test of a session participants produced significantly shorter reactions (post-exposure 674 ± 80 ms) than at the first one (pre-exposure 720 ± 88 ms) suggesting that there is an effect of practice.
A significant main effect of task was found (F1,48 = 41.608; p < 0.001, η2p = 0.464). To achieve colour-naming took longer time (728 ± 99 ms) than word-naming (673 ± 76 ms), as suppressing automatic word reading to establish colour extends the processing speed which was the first finding of Stroop.5
A significant main effect of condition was present (F1.4,65.9 = 164,698; p < 0.001, η2p = 0.774). According to post hoc test, all pairwise comparisons expressed significant differences. In the congruent condition – where words matched colours – RT was significantly shorter (655 ± 80 ms) than in the neutral (682 ± 74 ms), suggesting that FAC is present (t = -2.96, p = 0.011, MD = -25.8 ms). In the incongruent condition – where words and colours differed – RT was significantly longer (787 ± 11 ms) than in the neutral condition (682 ± 74 ms), suggesting that IF is present (t = 14.03, p < 0.001, MD = 122.3 ms).
There was a significant task × condition interaction (F1.5,70.5 =41.616; p < 0.001, η2p = 0.464). According to post hoc tests, both in the CN task and in the WN task, incongruent condition differed from both the congruent and from the neutral condition (for all p < 0.001). The interaction was driven by a greater difference between conditions in CN task (15.30 < t < 18.18) than in the WN task (1.49 < t < 6.90).
There was no main effect of RF type (F1,48 = 0.084; p = 0.773, η2p = 0.002), and all the interactions involving this factor were non-significant (F < 1.64; p > 0.05, η2p < 0.04 in all cases). 
[bookmark: _GoBack]To sum up, looking at the data from Sham sessions from both the CN and the WN task (the latter is not analysed in the main text), we observed that the effects expected from a well-functioning Stroop test based on the literature were consistently and reliably present, independently of RF type group assignment. Thus, we could have potentially measured cognitive effects of RF exposure in this work with a sensitivity similar to previous studies using the Stroop test to investigate cognitive impairments like dementias,6,7 schizophrenia8,9 and attention-deficit hyperactivity disorder (ADHD).10,11
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Figure S1. Stroop test quality control – RTs (ms) of Sham condition of both UMTS and LTE experiment. Abbreviations: Pre – before sham exposure, Post – after sham exposure, [CN] – colour-naming, [WN] – word-naming, [=] congruent, [×] neutral, [≠] incongruent.
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