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Abstract. Although carbon dioxide (CO2) is a gas not perceived by human, extremely high concentration 
of CO2 has an influence on the human’s health. High concentration of CO2 also leads to lowering 
concentration ability and promoting drowsiness. It may also have an influence on productivity and learning 
efficiency of human. We conducted experiments to measure the amount of workability and the 
physiological and psychological response of the subjects. In the experiment, the concentration of CO2 was 
set at the constant level at each case. And then, the concentration of CO2 was changed to examine the 
physiological and psychological response. In the result of the experiment, the CO2 concentration had the 
influence on productivity and working efficiency of human. Even if the CO2 concentration is not so high, 
physiological condition of the human would be also affected. 

1 Introduction  

Since Pettenkofer proposed that 700 – 1000 ppm is 
considered to be an allowable concentration of carbon 
dioxide (CO2) [1], and other researchers started to 
suggest 1000 ppm of CO2 as a limit value for an 
adequate ventilated room, many regulations of CO2 
density sets around 1000 ppm in office spaces etc. 
Although CO2 is a gas not perceived by human, 
extremely high concentration of CO2 has an influence on 
the human’s health. “Ventilation for Acceptable Indoor 
Air Quality” (ASHRAE Standard 62.-2016) notes CO2 at 
very high concentrations (e.g. greater than 5000 ppm) 
can pose a health risk. It is also defined that 5000 ppm as 
the limits of the CO2 density of time-weighted over five 
8-hour work day average for industrial environments 
(TWA) to keep occupational safety and health (The 
Occupational Safety and Health Administration 
(OSHA)).  
High concentration of CO2 also leads to lowering 
concentration ability and promoting drowsiness. It may 
also have an influence on productivity and learning 
efficiency of human. Satish reported high indoor 
concentrations of CO2 (2500 ppm) could significantly 
impair people’s decision-making performance [2]. Allen 
analysed the cognitive function scores with various CO2 
density (about 500 - 1500 ppm) and other factors, to 
evaluate the impact of the CO2 level on health and 
productivity [3]. 
 
We have focused on the relationship between CO2 
concentration and productivity of human.  
We investigated the influence of the CO2 concentration 
on productivity and learning efficiency of students using 

the field experiment in the classroom of junior and 
senior high school [4]. By the results of the surveys, the 
relationship between the CO2 concentration (500 – 1500 
ppm) in the classroom and the productivity was observed 
statistically. However, the results was obtained by the 
field experiment, therefore temperature, humidity, 
illuminance and other factors have changed in the 
classroom and the influence of CO2 was not caught in 
the independent event. 
This time, we conducted experiments to measure the 
amount of workability and the physiological and 
psychological response of the subjects, by using a 
laboratory room in which not only the CO2 concentration, 
but also temperature and humidity can be controlled. In 
the experiment, the concentration of CO2 was set at the 
constant level at each case to verify the influence of the 
CO2 concentration. And then, the concentration of CO2 
was changed to examine the physiological and 
psychological response to clarify the mechanism. 

2 Outline of the Experiment  

2.1. Chamber for the experiment  

The experiments were conducted in a chamber in which 
both temperature and humidity would be controlled 
independently. The size of the space is 2060 mm in 
width, 2080 mm in depth and 2700 mm as the ceiling 
height. Inside the chamber, supply and exhaust openings 
were set at the ceiling, and temperature and humidity 
were kept constant at the target point. The subject sit on 
the seat. To control the CO2 concentration which would 
be drawn in subject’s breath, the blower unit, which 
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would diffuse the air around the subject’s nose, was 
installed as shown in Figures 1-2. 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Plan of the chamber. 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Section of the chamber. 
Fig. 1. Outline of the chamber. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) Inside view of the chamber. 
 
 
 
 
 
 
 
 
 

(b) View of the blower unit to diffuse the air. 
Fig. 2. View of the chamber. 

2.2. Measurement items  

Temperature, humidity, and the CO2 concentration was 
measured inside the chamber. The blood pressure, the 
pulse and the salivary amylase of the subject were 
measured as a physiological condition. And total oxygen 

index (TOI), change in concentration of oxygenated 

haemoglobin (ΔO2Hb), deoxygenated haemoglobin (Δ
HHb) and total haemoglobin (ΔcHb) of the subject’s 

blood flow in the brain were also measured using tissue 
oxygenation monitor (NIRO meter) that uses near 
infrared spectroscopy. 

2.3. Outline of the experimental cases 

2.3.1 Cases analysed 

Table 1. Cases analysed. 

 

 

 

 

 

 

 

7 cases of experiment were conducted as shown in Table 
1. 

2.3.2 Steady CO2 concentration 

In cases from Case.1 to Case.5, CO2 concentration was 
set steady in each case. These cases were conducted to 
verify the fundamental properties of human with 
different CO2 concentration.  
Indoor CO2 concentration was set at 600 ppm (Case.1), 
1500 ppm (Case.2) and 3500 ppm (Case.3). The 
experiment in which the subject had worn the mask was 
also executed (Case.4). In Case.4, CO2 concentration 
which would be drawn in subject’s breath was assumed 
5000 ppm, when calculating on the condition that the 
amount of air between the mask and the face was 150 ml, 
the CO2 concentration of vomited breath was 3.5 %, the 
CO2 concentration of room was 600 ppm and the air 
leakage rate of mask was 50 %. 
Indoor air temperature and humidity were kept constant 
in each case (25 oC, 50% RH). However, effects of the 
changing room temperature to 27 oC were also 
investigated (Case.5). 
It is considered that high concentration of CO2 leads to 
lowering concentration ability and promoting drowsiness. 
It might also have an influence on productivity and 
learning efficiency of human. Therefore, the amount of 
workability, and the physiological and psychological 
response of the subjects were also measured in these 
cases. 
 
5 healthy male students were selected for the subjects. 
The experiment was executed by 25 cases with 5 cases a 
person in total during October 3 - November 6 in 2017.  

CO₂計

O₂計

PMV計

Subject

Supply opening
（ceiling）

Exhaust opening
（ceiling）

Blower unit

NIRO meter

O₂meter

PMV meter

Air conditioner

Desk
CO₂
meter

CO₂ meter

CO2 condition Thermal condition Lighting 
condition

CO₂
concentration

(ppm)

Wearing 
a mask

Tempera
-ture
( oC)
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humidity
(%RH)

Illuminance
on the desk

(lux)

Case.1 600

Not wearing
25

50 750

Case.2 1500

Case.3 3500

Case.4 600 Wearing

Case.5 600

Not wearing

27

Case.6 600 -> 1500
25

Case.7 600 -> 3500

By using the blower 
unit to diffuse the 
air around the 
subject’s nose, we 
assumed that the 
CO2 concentration 
of the CO2 meter is 
the same as the 
inhaled air of the 
subject. 
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The experiment procedure is shown in Figure 3. First of 
all, subject stayed for 30 minutes for the adaptation. 
Then the typing work was done for 60 minutes. Finally, 
subject rested for 15 minutes. At the measurement A, B 
and C, the blood pressure, the pulse and the salivary 

amylase of the subject were measured. TOI, ΔO2Hb, Δ
HHb and Δ cHb of the subject’s blood flow were 

measured from A to C. At B and C, questionnaire survey 
had done.  
 
 
 
 
 
 
 

Fig. 3. Time table of the steady CO2 concentration cases. 

2.3.3 Non-steady CO2 concentration 

In cases of Case.6 and Case.7, CO2 concentration was set 
non-steady condition in each case. These cases were 
conducted to assume the actual work environment. In 
Case.6, the situation when a person entered the office 
space without enough ventilation was assumed. In 
Case.7, the situation when several persons entered the 
meeting room without enough ventilation was assumed. 
Indoor CO2 concentration was changed from 600 ppm to 
1500 ppm (Case.6), from 600 ppm to 3500 ppm (Case.7) 
in 30 minutes.  
3 healthy male students were selected for the subjects. 
The experiment was executed by 6 cases with 2 cases a 
person in total during November 10 - 20 in 2017.  
The experiment procedure is shown in Figure 4. First of 
all, subject stayed for 30 minutes for the adaptation. 
Then the typing work was done for 30 minutes, and 
during it, CO2 concentration was changed. Finally, 
subject rested for 30 minutes. Measurement items were 
the same as steady CO2 concentration cases.  
 
 
 
 
 
 
Fig. 4. Time table of the non-steady CO2 concentration cases. 

2.3.4 CO2 concentration of each case 

Figure 5 shows the CO2 concentration of each time in 
each case. CO2 concentration of Case.1, Case.2 and 
Case.3 was controlled constantly during the experiment. 
And CO2 concentration was changed from 600 ppm to 
1500 ppm (Case.6), from 600 ppm to 3500 ppm (Case.7) 
gradually from “B” to “C” in 30 minutes. Then, CO2 
concentration of Case.6 and Case.7 was returned to 600 
ppm after “B” in 30 minutes. 

 
 
 
 
 
 
 
 
 
 

Fig. 5. CO2 concentration in each case. 

3 Results of steady CO2 concentration  

3.1 Subject declaration  

Because CO2 was a gas not perceived, a significant 
difference of subject declaration of satisfaction to air 
quality was not seen between cases in Figure 6 (“B” and 
“C” in the figures mean the survey done at the 
measurement B and C shown in the timetable Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Subject declaration of satisfaction to air quality. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Subject declaration of drowsiness degree. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Subject declaration of worthlessness feeling. 
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However, as the CO2 concentration rose, the decreasing 
tendency was seen in concentration ability and work 
efficiency, on the other hand increasing tendency was 
seen in the drowsiness degree and the worthlessness 
feeling in Figures 7 and 8. 
 
The subject declaration change rates from “B” to “C” 
from Case.1 to Case.5 of 4 items (air quality, drowsiness 
degree, worthlessness feeling and concentrated level) is 
shown in Figure 9. The difference is seen in Case.3 and 
Case.4, and the drowsiness feeling is increased with 
Case.4 by 48%, and it has increased with Case.3 by 32%. 
The difference of the worthlessness feeling is seen in 
Case.4 and the worthlessness feeling of Case.4 has 
increased by 38%. As for the concentrated level, Case.4 
has decreased most greatly by 24%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Subject declaration change. 

3.2 Subject productivity  

Relations between the number of total input characters, 
correct input characters, ratio of error input characters of 
the typing test, and the CO2 concentration are shown in 
Figures 10 -13. The number of total input characters and 
the number of correct input characters had the decreasing 
tendency as the CO2 density rose (Figures 10 and 11). 
The error input rate had the increasing tendency as the 
CO2 density rose (Figures 12 and 13). However, the 
temperature change had the little influence on the error 
input rate (Figure 13). 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Relation between the number of total input characters 

and the CO2 density. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. Relation between the number of correct input 
characters and the CO2 density. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Relation between the ratio of error input characters and 

the CO2 density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Relation between the ratio of error input characters and 

the CO2 density. 
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3.3 Physiological condition  

To verify the physiological condition, tissue oxygenation 
index (TOI) of the blood in the brain was monitored. 

Change in concentration of oxygenated haemoglobin (Δ
O2Hb), deoxygenated haemoglobin (ΔHHb) and total 

haemoglobin (ΔcHb) of the subject’s blood flow were 

also measured, however the result of TOI was shown as 
a representative. TOI shows the oxygen saturation of the 
hemoglobin of the blood. The relation between the 
number of total input characters, the TOI value and the 
CO2 density is shown in Figure 14. TOI also rose as the 
typing work. Therefore, Figure 14 shows the averaged 
TOI value during typing work. As the CO2 concentration 
rose, similar tendency between the number of characters 
and TOI was seen.  
This time, we did not obtain clear difference of the blood 
pressure, the pulse and the salivary amylase of the 
subject. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14. Relation between the number of total input characters, 
the TOI value and the CO2 density. 

4 Non-steady CO2 concentration 

4.1 Subject declaration  

The subject declaration change rates from “B” to “C” of 
Case.6 and Case.7 of 6 items (air quality, relaxation level, 
drowsiness degree, worthlessness feeling, concentrated 
level and productivity) is shown in Figure 15. The 
increasing tendency was seen in the drowsiness degree 
and the worthlessness feeling. And decreasing tendency 
was seen in the concentrated level and the productivity. 
 
 
 
 
 
 
 
 
 
 

Fig. 15. Subject declaration change rates. 

4.2 Physiological condition  

Tissue oxygenation index (TOI) and the change in 

concentration of the oxy- hemoglobin (ΔO2Hb) of the 

blood also rose as the typing work. Therefore, to analyse 

the change of the TOI and ΔO2Hb, and to examine the 

physiological mechanism, the added experiments 
without typing work were conducted.  

Figure 16 shows the TOI and ΔO2Hb of Case.6, and 

Figure 17 shows them of Case.7.  
In Case.6, CO2 concentration is changed from 600 ppm 
to 1500 ppm gradually after 0-minute point (Figure 5). 
At the beginning of the change of the CO2 concentration, 

it seems to be little difference in the TOI and ΔO2Hb. 

However, after the CO2 concentration reached to 1500 

ppm (at 15 minutes’ point), both TOI and ΔO2Hb 

increased rapidly. Even if the CO2 concentration is not 
so high, physiological condition of the human would be 
affected by the change of CO2 concentration. 
In Case.7, CO2 concentration is changed from 600 ppm 
to 3500 ppm rapidly after 0-minute point (Figure 5). As 

increasing the CO2 concentration, both TOI and ΔO2Hb 

increased, different from Case.6. However, after a while, 
they fell. It is thought that it is because of the 
physiological response of the human body and we will 
analyse the physiological mechanism further. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16. TOI and the oxy- hemoglobin (ΔO2Hb) of the blood 

(Case.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17. TOI and the oxy- hemoglobin (ΔO2Hb) of the blood 

(Case.7). 
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5 Conclusion and discussion 

We conducted experiments to measure the amount of 
workability and the physiological and psychological 
response of the subjects. We used a laboratory room in 
which not only the CO2 concentration, but also 
temperature and humidity can be controlled. In the 
experiment, the concentration of CO2 was set at the 
constant level at each case to verify the influence of the 
CO2 concentration. And then, the concentration of CO2 
was changed to examine the physiological and 
psychological response to clarify the mechanism. 
 
The following results were obtained. 
 
The tendency that the drowsiness feeling and the 
worthlessness feeling grew by high CO2 concentration, 
was seen from the result of the subjective assessment.  
In the result of the typing work, it was suggested that it 
became a decreasing tendency as the CO2 concentration 
rose, and the CO2 concentration had the influence on 
productivity and working efficiency of human. 
It has been understood that there is a possibility that the 
productivity is related to the tissue oxygenation index 
(TOI) and the change in concentration of the oxy- 

hemoglobin (ΔO2Hb) of the blood. 

It has also been suggested that the change of the CO2 

concentration affects the change of the TOI and ΔO2Hb 

of the blood. Even if the CO2 concentration is not so 
high, physiological condition of the human would be 
affected by the change of CO2 concentration. 
 
 
The authors would like to thank H. Yamada and H. Koji, 
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References 

1. J. Sundell. “Health and Comfort in Buildings”, 
Sustainable Built Environment Vol.1. EOLSS 
(2009) 

2. U. Satish, M. J. Mendell, K. Shekhar, T. Hotchi, D. 
Sullivan, S. Streufert, and W. J. Fisk, “Is CO2 an 
Indoor Pollutant? Direct Effects of Low-to-
Moderate CO2 Concentrations on Human Decision-
Making Performance”, Environ Health Perspect 
(2012)  

3. J. G. Allen et.al., “Associations of Cognitive 
Function Scores with Carbon Dioxide, Ventilation, 
and Volatile Organic Compound Exposures in 
Office Workers: A Controlled Exposure Study of 
Green and Conventional Office Environments”, 
Environmental Health Perspectives, 124-7 (2016) 

4. R. Mimura, T. Chikamoto, K. Fukase, Y. Miyazaki, 
“Relation of Indoor Environment and Learning 
Effect of Classroom (Part 6) Investigation of 
Learning Environment and Learning Effect in New 
Campus in Summer, Autumn and Winter”, 
Proceeding of Annual Meeting, SHASEJ (2016) (in 
Japanese) 

    
 

, 0 (201Web of Conferences https://doi.org/10.1051/e3sconf/20191110209)
201

E3S 111
CLIMA 9

2068 68

6



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


