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Abstract The aim of the study was to investigate
whether there is an ocular interaction in the flicker
ERG responses reflecting luminance and cone oppo-
nency in normal human subjects. Flicker ERGs were
recorded from one dilated eye of 10 healthy volun-
teers. Each subject was tested twice: once with and
once without occluding the opposite eye. Red and
green LEDs were modulated in counterphase in a
Ganzfeld stimulator. ERG responses were recorded
for different ratios of the modulation in the red and
green LEDs and at 12 and 36 Hz. The amplitudes and
phases of the fundamental components were com-
pared between the conditions with and without
occlusion. The 12-Hz flicker ERGs reflected activity
of the cone opponent channel, whereas the 36-Hz
data reflected luminance activity. There were no
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significant differences between the conditions with
and without occluding the opposite eye for any of the
stimulus protocols. Ocular interaction is absent in
flicker ERGs reflecting cone opponent and luminance
activity.
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Introduction

For decades, the electroretinogram (ERG) has been
experimentally used to obtain a better understanding
of the visual receptors and their associated neural
structures [1]. The ERG is also an important non-
invasive clinical tool used to investigate the normal
function and the dysfunction of the human retina [2].
The International Society for Clinical Electrophysi-
ology of Vision (ISCEV) has standardized ERG
protocols in order to provide comparable results
among different clinical and research centers. The
standard protocols specify electrode placement, stim-
ulus, and background luminance, signal amplifica-
tion, data analysis, among other aspects [3, 4].

The human ERG is recorded at the cornea using
surface electrodes, and the individual response from
the eye can be measured when the other eye is also
stimulated (binocular stimulation) or when the other
eye is occluded (monocular stimulation). It has
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always been implicitly assumed that binocular and
monocular measurements yield identical results and
there is no ocular interaction on the level of the
electroretinogram. Ocular interactions might be
caused by indirect stimulation of the contralateral
eye or by neuronal feedback. To our knowledge, this
issue, however, has not been subject of direct
investigation.

To study whether ocular interactions are present,
we chose to use the flicker ERG since its responses
originate to a large extent in post-receptoral neurons
[5-7]. Recent studies in our laboratory showed that
heterochromatic stimuli in which red and green LEDs
are modulated in counterphase can reflect activity in
the magnocellular luminance channel at high temporal
frequencies (>24 Hz) and in the parvocellular L-M
cone opponent channel at around 12 Hz [8]. Although
flicker ERGs probably originate in bipolar cells [5],
we now have the possibility to study responses in
pathways that remain separate at least up to the visual
cortex using the ERG. A neuronal ocular interaction
that is different in distinct retino-geniculate pathways
might possibly be revealed in the heterochromatic
flicker ERG.

It is the purpose of the present study to examine
whether ocular interactions influence flicker ERG
measurements by comparing ERG responses obtained
in monocular and binocular conditions.

Methods

The study was performed in accordance with the
tenets of the declaration of Helsinki. Participants
were ten healthy volunteers (8 men and 2 women)
aged from 29 to 56(mean = 43 + 11). One eye was
dilated with a drop of mydriaticum (0.5% tropica-
mide), and corneal ERG responses were measured
with a DTL fiber electrode (UniMed Electrode
Supplies) attached at the outer to the inner canthus
of the eye. The reference and ground skin electrodes
were attached to the ipsilateral temple and the
forehead, respectively. Under certain circumstances
involving pattern ERG, contralateral reference elec-
trode positioning and the use of non-corneal active
electrodes ERG-signals from the contralateral eyes
can be recorded [10-13]. We, however, regard this
type of cross-talk as an artifact rather than an
interaction with a physiological basis.
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The tested eye was randomly chosen. Each subject
was tested twice: once without occluding the opposite
eye (binocular stimulation; called the “no occlusion”
condition) and once with occlusion of the opposite
eye (monocular stimulation; the “occlusion” condi-
tion). One subject was tested eight times at the same
session (four times without occlusion and four times
with occlusion). The tests were performed in random
order (six subjects were first tested without occlusion
and four were first tested with occlusion).

Stimulation with red (638 nm, bandwidth at half
height: 19 nm; CIE coordinates: x: 0.6957, y: 0.2966)
and green (523 nm, bandwidth at half height 36 nm;
CIE coordinates: x: 0.2016, y: 0.7371) LEDs was
controlled by a RetiPort system (Roland Consult,
Germany). The stimulator was a Ganzfeld (Q450 SC
Roland-Consult, Germany) with six differently col-
ored LED arrays; of which only the red and green
LED arrays were activated. The mean luminance of
each LED array was 100 cd/m?, resulting in a retinal
illuminance of about 10* td (with an approximately 8-
mm-diameter pupil). The mean chromaticity was
yellow with CIE coordinates: (0.5813, 0.4030).

Figure la shows the luminance outputs of red and
green LEDs. They were sinusoidally modulated with
three fractions of red modulation depth R/(R + G): 0
(only the green LED is modulated with 100% contrast
around the 100 cd/m? mean luminance; the red LED is
constant at 100 cd/mz); 0.5 (red and green LEDs
modulated simultaneously in counterphase each with
50% contrast); and 1 (only the red LED modulated
with 100% contrast; the green LED was constant at
100 cd/m?). Figure 1b shows that the modulation of
the output of the cone opponent system was the same in
all three conditions. Furthermore, the phase of the cone
opponent modulation was the same for all conditions
(i.e. the stimulus was more reddish in the first half of a
stimulus period and more greenish in the second half).
Luminance modulation was large for the condition, in
which R/(R + G) equaled 0 and 1 and small for the
condition R/(R + G) = 0.5. The luminance modula-
tion followed the green LEDs at R/(R + G) = 0 and
the red LEDs when R/(R 4 G) equaled 1, so that they
were 180° phase shifted relative to each other [8]. The
sinusoidal cone opponent and luminance outputs had
constant time-averaged values, indicating that the state
of adaptation is the same for all stimulus conditions
(assuming that the 12- and 36-Hz stimulus frequencies
are too high for adaptation processes).
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Fig. 1 Sketch of stimuli. a the luminance outputs of red and
green LED arrays were sinusoidally modulated, and three
fractions of red modulation depth R/(R + G) were presented: 0
(only the green LED is modulated; the red LED is constant at
100 cd/mz); 0.5 (red and green LEDs modulated simulta-
neously in counterphase); and 1 (only the red LED modulated;
the green LED was constant at 100 cd/m?). The modulation
depth in the two LED arrays was around the mean luminance b
Left column—12 Hz luminance output (black line) in stimulus
coordinates is obtained by the addition of the red and green

The signals were recorded with the RetiPort
system. They were amplified 100,000x, filtered
between 1 and 300 Hz, and sampled at 1024 Hz.
The ERG responses were averages of 48 (12 Hz) and
24 sweeps (36 Hz), each lasting 1 s, resulting in 1-s
recording episodes. The recordings were Fourier
analyzed (using MATLAB, TheMathWorks, USA),
and the ERG responses were defined as amplitudes
and phases of the first (fundamental) harmonic
component. An estimate of noise was obtained by
averaging the amplitudes of the adjacent lower (i.e. 11
and 35 Hz, respectively) and upper (i.e. 13 Hz and
37 Hz, respectively) frequencies for all stimulus
conditions. The phases were disregarded when the

LED outputs. Luminance modulation has the same contrast at
R/(R 4+ G) values of 0 and 1 but not when R/(R + G) = 0.5.
The phase of the luminance output is 180° shifted between
R/(R + G) 0 and 1. The time-averaged luminance output is
200 cd/m? for all three stimulus conditions. Right column—the
output of the cone opponent system of the 12-Hz stimulus (blue
line) is expressed as the subtraction of the red and green LED
outputs. This subtraction results in identical sinusoidal cone
opponent modulations for all three conditions. Furthermore,
cone opponent modulation has the same phase in all conditions

signal-to-noise ratios were less than 3. The compar-
isons between different test conditions were made
using Wilcoxon matched pairs test, with a 95%
confidence interval. Spearman correlation coefficients
were also considered for the statistical analyses.

Results

Figure 2 shows individual recordings at 12 and
36 Hz. In agreement with previous data [8, 9], at
12 Hz, the responses display relatively constant
amplitudes and phases for the different protocols,
indicating that they reflect red—green opponent
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Fig. 2 Individual 12 Hz
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activity. The response amplitudes at 36 Hz changed
strongly with the R/(R + G) values. Moreover, the
responses at R/(R + G) 0 and 1 are in counterphase
with each other at 36 Hz. In agreement with previous
results [8, 9], this suggests that at this temporal
frequency, the ERG reflects luminance activity.

Figure 3 shows the average (f+one standard devi-
ation) first harmonic response amplitudes and phases
for the “no occlusion” (open circles) and “occlusion”
(closed circles) conditions. As it was found previously
[8], the first harmonic amplitudes and phases of
responses at 12 Hz were relatively constant at the
different stimulus conditions (Fig. 2 left). At 36 Hz
(Fig. 2 right), there is a minimal response amplitude in
condition R/(R + G) = 0.5, and the phases at condi-
tions R/(R + G) = 0 and 1 were about 180° phase
shifted. The averages and standard deviation were very
similar in the “occlusion” and “no occlusion” condi-
tions. There was no significant difference between the
“no occlusion” and “occlusion” conditions at 12 Hz
(amplitude, P > 0.2 and phase, P > 0.4) and also at
36 Hz (amplitude, P > 0.6 and phase, P > 0.1).
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Figure 4 shows Bland-Altman plots in which the
individual amplitude and phase differences measured
in the “no occlusion” and “occlusion” conditions are
plotted as a function of their averages. Negative
differences indicate that the “no occlusion” ampli-
tude is larger and the response phase is smaller. The
dotted gray lines represent the linear regressions that
are close to zero for both amplitudes (12 Hz,
R*=0.002 and 36 Hz, R*=0.077) and phases
(12 Hz, R* = 0.003 and 36 Hz, R* = 0.086).

Four “no occlusion” and four “occlusion” mea-
surements were taken in one participant within the
same test session. There was no significant first
harmonic amplitude difference between “no occlu-
sion” and “occlusion” (12 Hz, P = 0.11 and 36 Hz,
P = 0.37), and the correlation between the conditions
was significant (12 Hz, P < 0.01; 36 Hz, P < 0.001).
Figure 5 shows these comparisons of the first har-
monic amplitude response in each stimulus condition
(upper: condition R/(R + G) = 0.0; middle: R/(R +
G) = 0.5; lower: R/(R + G) = 1.0) at 12 Hz (left)
and 36 Hz (right).
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Fig. 3 Average (£SD)
amplitudes (upper plots)
and phases (lower plots)
of the first harmonic
responses in the “no
occlusion” (open circles)
and “occlusion” (closed
circles) conditions
measured at 12 Hz (left)
and 36 Hz (right)
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Fig. 4 Bland-Altman plot:
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Discussion

To our knowledge, this is the first report in which
ocular interactions in the flicker ERG responses are
directly studied. Our data strongly suggest the absence
of physiological ocular interactions in this recording
condition: the responses measured in one eye are not
influenced by equal and simultaneous stimulation of
the other eye. As a result, ERGs obtained with

150

200 250 -250  -150
Average Phase (degrees)

-50 50 150 250

monocular and binocular stimulation can be compared
with each other.

In agreement with previous data [8, 9], it has been
confirmed here that the first harmonic 12-Hz flicker
ERG component reflects cone opponent activity. The
36-Hz first harmonic component reflects luminance
activity since the amplitudes and phases resemble
those of the luminance channel. The absence of an
ocular interaction at both temporal frequencies

@ Springer



74

Doc Ophthalmol (2010) 121:69-75

Fig. 5 Comparison of the
first harmonic amplitude
response in each stimulus
condition (upper: condition
RI(R + G) = 0.0; middle
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suggests that neither in the parvocellular nor in the
magnocellular pathways, a substantial neuronal feed-
back from post-retinal structures is present.

The ERG responses from healthy subjects
recorded in the present study showed reliable sig-
nal-to-noise ratio in almost all measurements. Only
two subjects displayed a signal-to-noise ratio smaller
than 3 at 12 Hz, and in both cases the phases were
disregarded from the data analysis. These low signal-
to-noise ratios were found in the “no occlusion”
condition. This is possibly due to the larger amount of
light reaching the subject in the binocular stimulation
compared to the monocular stimulation, which may
increase the subjects’ blinking reactions during the
recordings, especially at lower temporal frequencies.
Occluding the opposite eye (monocular stimulation)
when measuring flicker ERG may be considered
useful because it is more convenient for the subject.

The human ERG is a non-invasive technique that
permits to study the physiology of the retina in vivo.
Flicker ERG is recommended by the ISCEV stan-
dardization committee as one of the basic full field
ERG protocols [4]. It can also give excellent estimates
of the spectral sensitivity of cones in humans [14], and
it now is possible to perform non-invasive measure-
ments of basic electrophysiological properties of the
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luminance and cone opponent pathways on a retinal
level in humans [8, 15]. Concerning the importance of
human flicker ERG either for basic investigation on
the retina or for clinical assessment of retinal distur-
bances, the present study investigated whether one
eye can influence the responses of the opposite eye if
both eyes are stimulated at the same time (binocular
stimulation).

The present report shows that there is no signif-
icant difference between the flicker ERG responses in
conditions with and without occlusion the opposite
eye. In conclusion, ocular interaction is absent in
flicker ERGs.

Acknowledgments The work was supported by German
Research Council (DFG) grant KR1317/9-1 and CAPES/
DAAD PROBRAL grant #182/2007. MTSB had a doctoral
FAPESP fellowship (07/55125-1). DFV is a CNPq Research
Fellow. JK is Fellow in the Excellence Program of the Hertie
Foundation.

References

1. Armington JC (1974) The electroretinogram. Academic
Press, New York

2. Perlman I (1983) Relationship between the amplitudes of
the b wave and the a wave as a useful index for evaluating



Doc Ophthalmol (2010) 121:69-75

75

the electroretinogram. Br J Ophthalmol 67:443-448. doi:
10.1136/bjo.67.7.443

. International Standardization Committee, Marmor MF,
Arden GB, Nilsson SEG, Zrenner E (1989) Standard
for clinical electroretinography. Arch Ophthalmol 107:
816-819

. Marmor MF, Fulton AB, Holder GE, Miyake Y, Brigell M,
Bach M (2009) ISCEV Standard for full-field clinical
electroretinography (2008 wupdate). Doc Ophthalmol
118:69-77. doi:10.1007/s10633-008-9155-4

. Bush RA, Sieving PA (1996) Inner retinal contributions to
the primate photopic fast flicker electroretinogram. J Opt
Soc Am A 13:557-565. doi:10.1364/JOSAA.13.000557

. Kondo M, Sieving PA (2001) Primate photopic sine-wave
flicker ERG: vector modeling analysis of component ori-
gins using glutamate analogs. Invest Ophthalmol Vis Sci
42:305-312

. Viswanathan S, Frishman LJ, Robson JG (2002) Inner-
retinal contributions to the photopic sinusoidal flicker
electroretinogram of macaques. Doc Ophthal 105:223-242.
doi:10.1023/A:1020505104334

. Kremers J, Rodrigues AR, Silveira LCL, da Silva-Filho M
(2010) Flicker ERGs representing chromaticity and lumi-
nance signals. Invest Ophthalmol Vis Sci 51:577-587. doi:
10.1167/i0vs.09-3899

10.

11.

12.

13.

14.

15.

. Kremers J, Link B, (2008) Electroretinographic responses

that may reflect activity of parvo- and magnocellular post-
receptoral visual pathways. J Vis 8/15. http://journalof
vision.org/8/15/11/

Arden GB, Wooding SL (1985) Pattern ERG in amblyopia.
Invest Ophthalmol Vis Sci 26:88-96

Peachey NS, Sokol S, Moskowitz A (1983) Recording the
contralaterol PERG: effect of different electrodes. Invest
Ophthalmol Vis Sci 24:1514-1516

Hess FS, Baker CL Jr, Verhoeve JN, Keesey UT, France
TD (1985) The Pattern evoked electroretinogram: its var-
iability in normals and its relationship to amblyopia. Invest
Ophthalmol Vis Sci 26:1610-1623

Seiple WH, Siegel IM (1983) Recording the pattern elec-
troretinogram: a cautionary note. Invest Ophthalmol Vis
Sci 24:796-798

Jacobs GH, Neitz J, Krogh K (1996) Electroretinogram
flicker photometry and its applications. J Opt Soc Am A
13:641-648. doi:10.1364/JOSAA.13.000641

Brainard DH, Calderone JB, Nugent AK, Jacobs GH
(1999) Flicker ERG responses to stimuli parametrically
modulated in color space. Invest Ophthalmol Vis Sci 40:
2840-2847

@ Springer


http://dx.doi.org/10.1136/bjo.67.7.443
http://dx.doi.org/10.1007/s10633-008-9155-4
http://dx.doi.org/10.1364/JOSAA.13.000557
http://dx.doi.org/10.1023/A:1020505104334
http://dx.doi.org/10.1167/iovs.09-3899
http://journalofvision.org/8/15/11/
http://journalofvision.org/8/15/11/
http://dx.doi.org/10.1364/JOSAA.13.000641

	Absence of ocular interaction in flicker ERG responses reflecting cone opponent and luminance signals
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


