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Abstract—This study investigates the influence of the 50 Hz 
electromagnetic exposure on heart rate variability (HRV). 
Thus, we recorded and preceded the ECG signals for 44 
volunteers both in high and normal field exposure. The 
acquisition system and the QRS detection algorithm were 
developed by the authors with the view to be used in this 
study. Spectral measurements of the HRV revealed a 
significant increase (Student's t-test: Pt=0.001; Mann-
Whitney U-test PU=0.001; average difference D=16.857) in 
the power of the HF components and significant reduction 
in the power of the low-frequency (Student's t-test: 
Pt=0.003; Mann-Whitney U-test PU=0.003; average 
difference D=-14.906) on volunteers exposed compared 
with unexposed one conditions. 

Keywords - heart rate variability; electromagnetic exposur; 
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I.  INTRODUCTION 
One of the most common sources of interference is due to 

the power line system (220 V, 50 Hz). Disruptive electric and 
magnetic fields resulted from this source are relatively strong 
and their frequency (50 Hz) is within the ECG spectrum and 
hence the difficulties with reduction of these disturbances [1], 
[2]. Studies indicate that adaptive filtering in these conditions 
can be a good solution [3], [4]. On the other hand the biological 
and health effects of electric and magnetic fields are an up to 
date theme [5], [6]. The aim of this work is to investigate the 
possible modification of HRV in case of electromagnetic field 
exposure. 

II. HRV DETERMINATION 
The ECG signal was acquired with a system developed by 

the author [7] (Fig. 1). The acquisition was performed using a 
single channel acquisition board from National Instruments NI 
USB-6009, sampling frequency of 500 Hz. The programming 
environment used was LabView 2009.  

 
Figure 1. ECG acquisition system used in measurements. 

We implemented a Wavelet Multi-Resolution Analysis 
(MRA) algorithm for the detection of the QRS complex in a 
high level of noise ECG recording, Fig. 2 [8]. 
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Figure 2. The algorithm to extract the QRS complex to obtain the HRV. 
 

At this test 44 young volunteers were considered being 
exposed at relatively high level (B = 67 μT) of 50 Hz 
electromagnetic field exposure, but below the maximum level 
of exposure (B = 100 μT, conform ICNIRP), respectively at 
normal or low level exposure field (B of tens or hundreds of 
μT). 

For this study a number of 32 ECG (14 exposed volunteers 
and 18 in normal conditions) recordings were utilized, because 
some ECG recordings were excluded due to movement 
artifacts, imperfect electrode contacts. The age of the 
volunteers was between 23 and 28 years, from which 13 
women and 19 men. 

Examples of ECG signal acquired in normal and field 
exposed conditions are shown in Fig. 3 (time domain 
representation) and Fig. 4 (frequency domain representation). 

With the view to decrease the noise level in ECG 
recordings, we performed both an adaptive filtering in 
LabView and used a Wavelet denoised filtering [9]. 
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a)  

b)  
Figure 3. ECG signal. 

 
Figure 4. Power spectral density of the ECG signal:  

a) In normal conditions; b) exposed. 

III. HRV MODIFICATIONS 
To highlight the modification of ECG during the exposure 

to electromagnetic field it we have extracted some feature in 
time domain and frequency representation of the HRV. 

In time domain the extracted feature were the feature 
described by Task Force of the European Society of 
Cardiology, [10]: The mean N-N interval; SDNN, the standard 
deviation of the N-N intervals; pNN50, the number of interval 
differences of successive N-N intervals greater than 50 ms, 
divided by the total number of N-N intervals. 

In frequency domain, the power spectral density (PDS) was 
divided in main used bands of frequency: high frequency (HF: 
0.15 Hz - 0.4 Hz), low frequency (LF: 0.04 Hz - 0.15 Hz) and 
very low frequency (VLF: 0.003-0.04 Hz). 

HRV is mediated by the activity of the sympathetic and 
parasympathetic branches of the autonomic nervous system. In 
general, the sympathetic branch acts to speed up heart rate and 
the parasympathetic branch acts to slow heart rate. 

The continuous modulation of the sympathetic and 
parasympathetic innervations results in variations in both heart 
rate and blood pressure. The most conspicuous periodic 
component of HRV is the so-called respiratory sinus 

arrhythmia (RSA) which is considered to range from 0.15 to 
0.4 Hz [11]. 

A. Time - frequency representation  
Since the Fourier transform it is not appropriate to apply a 

signal whose frequency structure varies over time, non-
stationary signals, because is not localizing in time the signal 
changes, the representation is done in the time-frequency 
representation. 

Time-frequency analysis of HRV is traditionally performed 
using short-term Fourier transform (STFT). Wavelet transform 
(WT) may however be better suited for analyzing non-
stationary signals such as heart rate recordings. 

In Fig. 5 it can be seen a comparison between power 
spectral density (PSD), spectogram and scalogram and how the 
modification appear in time both in normal conditions and in 
field exposure cases. 

 

a)  

 

b)  

 
Figure 5. PSD, spectrogram, respectively scalogram of HRV 

a) in normal conditions; b) exposed at 50 Hz field. 

The same increasing of the HF component of Power 
Spectral Density (PSD) of the HRV graphs in exposure 
conditions can be seen in [12]. 

IV. STATISTICAL PROCESSING OF RESULTS 
Table I is shown some extracted feature from the ECG 

signal: duration and amplitude of the QRS complex, of the PR 
and QT interval, and also from the HRV signal (PSD, pNN50). 
For those features extracted from the ECG signal we apply the 
Levene's Test for equality of variances, Student's t-test 
distribution for equality of the mean and Mann-Whitney U-test 
to determine if a difference exists between two groups (expose-
unexposed).  
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TABLE I.  PARAMETERS EXTRACTED FROM THE HRV SIGNAL 

HRV parameters 
Levene's 

Test 
PL 

Student's  
t-test 

Pt 

Mann-
Whitney 
U-test 

PU 

Average 
Difference 

D 

PR interval mean .013* .386 .747 -13.5 (ms) 
PR interval std .626 .886 .621 -1.03 (ms) 
QRS width mean .001** .357 .688 2.81 (ms) 
QRS width std .015* .107 .214 2.65 (ms) 
QRS amplitude 
mean .418 .498 .360 -0.07 (mV) 

QRS amplitude std .001** .007* .004** 0.062 (mV) 
QT interval mean .863 .510 .543 -3.1 (ms) 
QT interval std .443 .268 .459 3.55 (ms) 
RR Mean .001** .001** .002** -153,81 (ms) 
RR Std. .474 .447 .569 -5,111 (ms) 
HR Mean .001** .001** .003** 13,2 (bpm) 
Heart Rate Std. .511 .8670 .894 0.116 (bpm) 
RMSSD .784 .123 .080 -15.524 (ms) 
NN50 .797 .003** .008* -37,794 
pNN50 .010* .001** .001** 21,0175 (%) 
RR triangular index .018 .308 .284 1.30 
TINN .195 .103 .138 32.62 
VLF Power  .003** .71 .231 -204.92 (ms2) 
LF Power .866 .974 .718 -11.190 (ms2) 
HF Power .001** .004** .003** -632.8 (ms2) 
VLF .141 .424 .581 -2.206 (%) 
LF .591 .001** .001** 16.857 (%) 
HF .010* .003** .003** -14.906 (%) 
LF .131 .001* .002** 17.73 (n.u.) 
HF .013* .002* .001** -15.90 (n.u.) 
LF/HF .807 .076 .001** 1.8636 
SD1 .873 .109 .074 -11.31 
SD2 .973 .314 .295 -11,603 

*P<0.05. 
**P<0.01. 

 

The statistical processing of results (Fig. 6) shown a 
reduction in variation of the QRS amplitude (Student's t-test: 
Pt=0.007; Mann-Whitney U-test PU=0.004; average difference 
D=0.062) at field expose persons. 

 
Figure 6. Boxplot of the QRS amplitude. 

The most relevant effect, resulting from  exposure to 
combined 50 Hz electric and magnetic fields, is slowing the 
mean HR (lengthening of the cardiac inter beat interval). This 
biological effect (Fig 7) was also observed in many studies 
performed with healthy young men [13], [14], [15] and this 
response appears attributable to the magnetic aspect of 
exposure. 

 
Figure 7. Boxplot of the heart rate. 

In our study statistical processing of results (Fig 7), 
regarding the 50 Hz electromagnetic filed exposure, has an 
decreasing effect to HR Mean (Student's t-test: Pt=0.001; 
Mann-Whitney U-test PU=0.003; average difference D=13.2). 

 
Figure 8. Boxplot of the RR interval. 

 
Figure 9. Boxplot of the pNN50. 

Our results indicated a significant difference 17% increase 
for R-R mean (Fig 8),  when: Student's t-test Pt=.001; Mann-
Whitney U-test PU=0.002; average difference D=-153.81 and 
65%  increase for pNN50 (Fig 9), when: Student's t-test 
Pt=.001; Mann-Whitney U-test PU=0.001; average difference 
D=21.0175, during magnetically field exposure.  
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The biological magnitude of the reduction in HRV 
observed by [13] was approximately 17%, 0.2% in [15] and 8% 
in [16]. 

 
Figure 10. Comparison between PSD of HRV in considered frequency bands 

on the unexposed/exposed volunteers  

Our analyses of the effects of exposure to 50 Hz magnetic 
field have revealed two significant effects (Fig 10): decrease in 
power spectral density of HRV in the LF band and an increase 
in power in the HF band. The spectral representation of the 
HRV revealed a significant increase (Student's t-test: Pt=0.003; 
Mann-Whitney U-test PU=0.003; average difference D=14.9) 
in the power of the HF (%) and also in HF (n.u.). 

The spectral analyses of heart rate time series revealed a 
significant reduction in the power of the low-frequency 
(Student's t-test: Pt=0.001; Mann-Whitney U-test PU=0.001; 
average difference D=16.857) in case of volunteers exposed. 
The reductions of the low frequency (LF) band of the HRV 
frequency spectrum of N-N sequence were also reported in 
[17] and [15]. 

CONCLUSION 
We recorded and processed the ECG signals both in normal 

electric/magnetic fields and in relative high levels of 50 Hz 
magnetic fields. Thus, heart rate variability was determined and 
analyzed. 

These analyses of the effects of exposure to 
electromagnetic field below the maximum level of exposure 
have revealed two significant effects: decrease in power 
density of HRV in the low spectral band and an increase in 
power in the high spectral band. It is important to note that 
clinical studies of HRV as a predictor of cardiovascular risk 
report that higher risk is associated with a reduction in low 
band power. 

ACKNOWLEDGMENTS 

This work was developed in the framework of the Project 
“EURODOC” (PhD scholarships ID 59410, OI POS DRU 
Ministry of Education, Research and Innovation) 2009 - 2012 
Romania, and in collaboration with Medical University of 
Vienna, Center for Medical Statistics, Informatics and 
Intelligent Systems, Section for Artificial Intelligence, January 
- June 2012, Vienna, Austria. 

REFERENCES 
[1] Mihov G., Dotsinsky I., (2008), Power-line interference elimination 

from ECG in case of non-multiplicity between the sampling rate and the 
power-line frequency, Biomedical Signal Processing and Control, 3, 
334-340. 

[2] Ziarani A.K., Konrad A., (2002), A nonliniear adaptive method of 
elimination of power line interference in ECG signals, IEEE 
Transactions on Biomedical Engineering, 49, 540-547. 

[3] Bernard W., Stearns S.D., (2004), Adaptive Signal Processing, Pearson 
Education, Delhi. 

[4] Hamilton P.S.A, (1996), Comparison of adaptive and nonadaptive filters 
for reduction of power line interference in the ECG, IEEE Transactions 
on Biomedical Engineering, 43, 105-109. 

[5] Graham C, Sastre A, Cook MR, Gerkovich MM. 2000. Nocturnal 
magnetic field exposure: Gender specific effects on heart rate variability 
and sleep. Clin Neurophysiol 111:1936:1941. 

[6] Wilen J. „Exposure Assessment of Electromagnetic Fields Near 
Electrosurgical Units”, Bioelectromagnetics 31:513-518 (2010). 

[7] Adochiei Narcis Iulian, Valeriu David, Ioan Tudos�, Ionu  Nica, 
„Electrocardiographic signal acquisition and procesing”, EPE 2010, The 
International Workshop on Electromagnetic Compatibility and 
Engineering in Medicine and Biology, Iasi, Romania, ISBN – 9780606-
13-0071-6, pp. 143-146, October 28-30, 2010. 

[8] Adochiei N, David V., Adochiei F., Tudosa I., „ECG Waves and 
Features Extraction Using Wavelet Multi-Resolution Analysis”, 
International Conference on e-Health and Bioengineering, EHB 2011, 
Iasi, Romania, pp. 49-52, November 24-26, 2011. 

[9] Adochiei N., David V., Tudosa I., “Methods of electromagnetic 
interference reduction in ECG signal acquisition”, Environmental 
Engineering and Management Journal, vol.10, No. 4, pp 553-559, April 
2011. 

[10] Task Force of the European Society of Cardiology. 1996. Heart rate 
variability, standards of measurement, physiological interpretation and 
clinical use. Circulation 93:1043–1065. 

[11] G.G. Berntson, J.T. Bigger Jr., D.L. Eckberg, P. Grossman, P.G. 
Kaufmann, M. Malik, H.N. Nagaraja, S.W. Porges, J.P. Saul, P.H. 
Stone, and M.W. Van Der Molen. Heart rate variability: Origins, 
methods, and interpretive caveats. Psychophysiol, 34:623{648, 1997. 

[12] Sastre A, Cook MR, Graham C. Nocturnal exposure to intermittent 60 
Hz magnetic fields alters human cardiac rhythm. Bioelectromagnetics 
1998;19:98–106. 

[13] Borjanovic S. S., Jankovic S. M., Pejovic Z., ECG Changes in Humans 
Exposed to 50 Hz Magnetic Fields, Journal of Occupational Health 
47:391-396; 2005. 

[14] Graham C, Sastre A, Cook MR, Gerkovich MM. 2000. Nocturnal 
magnetic field exposure: Gender specific effects on heart rate variability 
and sleep. Clin Neurophysiol 111:1936:1941. 

[15] Sait ML, Wood AW, Sadafi HA. A study of heart rate and heart rate 
variability in human subjects exposed to occupational levels of 50 Hz 
circularly polarised magnetic fields. Med Eng Phys 1999;21:361-369. 
Sastre A, Cook MR. 

[16] Tabor Z., Michalski J., Rokita E., (2004), Influence of 50 Hz magnetic 
field on human heart rate variability: linear and nonlinear analysis, 
Bioelectromagnetics, 25, 474–480. 

[17] Graham C, Sastre A, Cook MR. Effects of magnetic fields on cardiac 
control mechanisms. Palo Alto (CA): Electric Power Research Institute; 
1997. EPRI report no TR-108251. 

 

613
Authorized licensed use limited to: The University of British Columbia Library. Downloaded on October 09,2026 at 03:10:34 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


