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Abstract: In this study, a local ventilation rates (VR) measuring system based on stead-state method was developed. This
system can measure the local VR of the right arm, the left arm, the chest and the back locations of the upper body garment
simultaneously. The whole clothing VR can also be computed. To study the influence of fabric permeability, clothing sizes,
hem opening, and wind on local VR of the right arm, the chest and the back of the working garments, 9 jackets with different
sizes and fabric permeability (permeable, semi-permeable and impermeable) were made. The results showed that the local
VR for each garment location were significantly different. The chest had the largest local VR. Clothing ventilation rates were
not liner with garment sizes. Closing garment bottom decreased more air exchange for chest and back comparatively. Wind
increased both local and whole VR significantly. But the impacts were different according to different locations. 
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Introduction

Clothing microclimate ventilation is an effective way to

lose heat, especially for garments that have special functions

[1]. It determines human thermal comfort both in hot and

cold environments [2-4]. Two techniques-Crockford’s method

(CR) and Lotens & Havenith’s method (LH) based on the

tracer gas dilution method have been developed to measure

whole garment ventilation [1,5,6]. Havenith et al. [4] compared

the two methods on reproducibility, validity, sensitivity and

applicability of them for the determination of microclimate

ventilation and vapor resistance and found that both methods

worked well. But the CR method needs to measure the

microclimate volume, which is complicated and error prone.

Some other ventilation measuring systems have been built

recently based on the two basic methods [7-11].

Working people sweat easily on period. Many studies

focused on the regional body sweat mapping [7,10,12-16]. It

has been proved that the sweat rates at different locations

were different [7,10,12-16]. In addition, the local microclimate

(air gap thicknesses and microclimate volumes) of each

garment location were also different. Clothing microclimate

is one of the main factors that affects ventilation rates [17].

Therefore the local ventilation rates are also different at

different garment locations. Thus it is of high importance to

measure clothing local ventilation.

Two local ventilation measuring systems have been

developed recently. One was built by Satsumoto and Havenith

(SH) [11]. And the other was built by Ueda et al. (UI) [10].

SH used steady state method to evaluate four parts local

ventilation. But the method needed to control the inlet and

outlet flow rate precisely the same. In addition, SH system

can only measure one part ventilation once, which wasted

trace gas and extends testing time. UI used unsteady state

method to evaluate chest, back and upper arm ventilation

separately. And the clothing microclimate was approximated

using a cylinder method [18].

In this study, a local ventilation measuring system based

on LH method was developed. This system can measure the

local ventilation rates of four garment locations at the same

time. Using this system, we studied the influence of the

fabric permeability, clothing sizes, openings, and wind on

the local ventilation rates (VR). In addition, this system can

also measure clothing whole ventilation indirectly. Whole

ventilation of the nine working jackets were also computed

and compared. 

Experimental 

Fabrics and Garments

To study the effect of fabric permeability and clothing

sizes on ventilation rates, three 100 % cotton fabrics identical

in thickness but different in permeability, named as impermeable

(IM), semi-permeable (SM) and permeable (PM) were

chosen. Table 1 shows the basic properties of the fabrics. For

impermeable fabric, this is semi-permeable fabric laminated

with an impermeable thin coating. 9 working jackets, identical

in design but different in size: S1, S2 and S3, were made

with these fabrics separately. Details of the 9 experimental

jackets are shown in Table 2 and Figure 1. 
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Local Ventilation Measuring System

We divided the upper body garment into 4 parts: the chest,

the back, the right arm and the left arm. The upper body and

the experimental garments have approximately vertical

symmetry. Therefore, we hypothesis that the ventilation

rates of the right arm equals the left arm’s. 

A steady state tracer gas method was used for measuring

microclimate ventilation rates. Figure 2 shows the schematic

diagram of the ventilation system for one part. Each system

is separate from others. And Figure 3 presents the photograph

of the whole measuring system. 

N2 was chosen as the tracer gas. It was pre-mixed with the

microclimate air before going into the garment. The flow

rate of pure N2 was controlled bellow 0.2 l/min, compared

with the main flow rate, about 2.2 l/min. The N2 concentration

measuring system was a N2 analyzer (KN-99, China). A 3-

way valve was used to change between the inlet and outlet

N2 concentrations analyzed by the N2 analyzer. 

Table  1. Basic parameters of the fabric samples 

Samples Structure

Warp 

density

Weft 

density
Thickness Weight

Bending rigidity Thermal 

resistance

Vapor

 resistance

Air 

permeabilityWarp Weft

/inch /inch mm g/m2 gf·cm2/cm oC·m2/W Pa·m2/W mm/s

IM Twill 101 56 0.48 248.90 0.0983 0.1433 0.0071 -- 0.00

SM Twill 101 56 0.48 233.14 0.0453 0.0667 0.0096 3.15 59.00

PM Twill 78 55 0.48 186.30 0.0503 0.0155 0.0162 2.80 135.18

Table 2. Basic measurements of the experimental garments

Garment size
Bust Waist Hip Neck line Cuff around Bottom around Jacket length Sleeve length

cm cm cm cm cm cm cm cm

S1 120 110 116 38 14 98 65 58

S2 124 114 120 38.5 14.5 102 66 59

S3 128 118 124 39 15 106 67 60

Figure 1. Photograph of the experimental jacket and the shop

manikin; (a) front view and (b) back view. 

Figure 2. Schematic diagram of the local ventilation system for

one location.

Figure 3. Photograph of the local ventilation rates measuring

system; (a) front view and (b) back view. 
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Computation of the Whole and Local Ventilation

For each location, microclimate ventilation rate (Venti) is

[4,19]:

(1)

Where i stands for different garment locations, from 1 to 4,

FR is the flow rate of local circulating system (l/min), Cin is N2

concentration of the inlet flow (%), Cout is N2 concentration of

the outlet flow (%), Cair, i is the N2 concentration of the

atmosphere around the ith clothed body (%). 

In addition, the system can also measure whole ventilation

indirectly. That is: 

(2)

(3)

(4)

 is the average ventilation of the whole upper garment,

 is the average N2 concentration of the inflow (%), 

is the average N2 concentration under microclimate (%),

 is the average N2 concentration of the air around the

clothed upper body (%).

The Effect of Bottom Open Conditions

To study the effect of close or open conditions of the

garment bottom on clothing local ventilation, we measured

ventilation rates at two bottom conditions: bottom open,

bottom closed. As the tracer gas sampling and distribution

tubes passed the garment bottom, it was difficult to close the

bottom completely. 

Wind Effect

To study the effect of head-on wind on clothing local

ventilation, a fan system was set about 1.5 m ahead of the

clothed shop manikin. Three wind speeds were used, no

wind (air speed < 0.1 m/s), 0.6 m/s and 0.9 m/s. 

Experimental Design

The experiment was carried out in an air conditioned

chamber at 20±2
oC, 40±10 % relative humidity and air flow

<0.1 m/s. A standing up shop manikin was used to do testing

for reducing the impacts of human body shape. 

After the circulation pumps were switched on, the pure N2

was pushed into the main flow with the flow rate controlled

bellow 0.2 l/min. Then the N2 concentrations of the inlet and

outlet flow of the three parts were monitored by switching

on 3-way valves until reaching a steady state. The circulating

flow rates of the three separate systems were controlled to

almost the same, 2.2 l/min. An O2 analyzer (PGM-1600, USA)

was used to monitor the O2 concentration in the chamber.

This can tell us the N2 concentration outside the clothed

manikin. 

6 conditions (two bottom conditions, 3 wind conditions)

were tested for each of the nine jackets. At least four times

were tested for each specimen. The door of the chamber was

opened every two hours to remove the additional N2. 

Results and Discussion

Local VR of the Right Arm, the Chest and the Back

Figure 4 shows the local VR of the right arm, the chest and

the back for different garments at different wind speeds,

clothing sizes and bottom conditions. The ‘Group’ label

means ‘wind speed-garment bottom condition’. For example,

the ‘0.6-OPEN’ means the measurements were performed at

0.6 m/s wind and garment bottom open conditions. The ‘X’

coordinates stands for ‘garment size-garment permeability’.

For example, ‘S1-PM’ means the permeable garment of size

S1.

Local VR of the Right Arm

For S1 permeable garment, the VR ranges from 7.74 to

26.75 l/min; For S1 semi-permeable garment, the VR ranges

from 8.37 to 28.89 l/min; For S1 impermeable garment, the

VR ranges from 1.84 to 2.64 l/min. For S2 permeable

garment, the VR ranges from 8.78 to 21.63 l/min; For S2

semi-permeable garment, the VR ranges from 10.15 to

32.65 l/min; For S2 impermeable garment, the VR ranges

from 1.74 to 4.84 l/min; For S3 permeable garment, the VR

ranges from 12.27 to 36.41 l/min; For S3 semi-permeable

garment, the VR ranges from 9.89 to 28.29 l/min; For

impermeable garment, the VR ranges from 1.96 to 5.32 l/

min. 

It was obvious that the VR of the S3 permeable garment

was largest, and that of the S1 impermeable garment was

smallest. The permeable garments had the largest VR,

followed by the semi-permeable garments. 

Wind increased ventilation at all the conditions. The VR

when closing garment bottom were different from those of

when bottom open conditions. 

Local VR of the Chest

For S1 permeable garment, the VR ranges from 24.22 to

37.20 l/min; For S1 semi-permeable garment, the VR ranges

from 20.03 to 40.76 l/min; For S1 impermeable garment, the

VR ranges from 10.90 to 31.13 l/min. For S2 permeable

garment, the VR ranges from 19.03 to 58.47 l/min; For S2

semi-permeable garment, the VR ranges from 27.61 to

42.00 l/min; For S2 impermeable garment, the VR ranges

from 9.72 to 32.16 l/min; For S3 permeable garment, the VR

ranges from 19.03 to 39.52 l/min; For S3 semi-permeable

garment, the VR ranges from 38.25 to 68.00 l/min; For

impermeable garment, the VR ranges from 9.69 to 31.54 l/min. 
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Wind also increased chest ventilation obviously. Chest

ventilation rates of impermeable garments were smallest.

Local VR of the Back

For S1 permeable garment, the VR ranges from 11.77 to

15.88 l/min; For S1 semi-permeable garment, the VR ranges

from 14.80 to 29.09 l/min; For S1 impermeable garment, the

VR ranges from 7.05 to 14.92 l/min. For S2 permeable

garment, the VR ranges from 15.53 to 20.39 l/min; For S2

semi-permeable garment, the VR ranges from 19.35 to

36.71 l/min; For S2 impermeable garment, the VR ranges

from 7.28 to 17.30 l/min; For S3 permeable garment, the VR

ranges from 13.64 to 19.97 l/min; For S3 semi-permeable

garment, the VR ranges from16.96 to 31.58 l/min; For

impermeable garment, the VR ranges from 6.32 to 15.79 l/

min. 

For back, the ventilation rates of S2 garments were largest,

compared with size S1 and S3. Wind affected back ventilation

obviously. But the situation was very complex. For the same

garment size, back VR of semi-permeable garments were

largest. 

For bottom closing conditions, wind increased ventilation

except the S3 impermeable garment. 0.9 m/s wind decreased

ventilation rates for garment S1-PM, S2-SM, and S3-PM

when garment bottom was open. 

The Effects of Air Permeability on Clothing Local

Ventilation

As shown in Figure 4, air permeability of garment affected

ventilation obviously. The impermeable garments had the

smallest VR. 

For right arm, the VR of S1 permeable garment were

larger than VR of semi-permeable garment except at 0.6-

CLOSE conditions. For size S2, the VR of the semi-permeable

garment were larger than permeable garment. And for size

S3, the VR of permeable garment was larger than semi-

permeable garment. 

For chest, the VR of semi-permeable garments were larger

than permeable garments except for some situations of

garment S1. The reason may be that the semi-permeable

fabric was stiffer than the permeable fabric. This caused the

bigger microclimate volume of semi-permeable garment

compared with permeable-garment [19].

For back, the VR of semi-permeable garments were all

larger than the permeable garments. 

Therefore, the effects of air permeability on local ventilation

of different locations were different. Although the permeable

garments have more air exchange through fabric, the local

ventilation of chest and back were affected more by clothing

microclimate conditions. 

The Effects of Clothing Sizes on Local Ventilation

Different garment sizes had different local VR, as shown

in Figure 4. Overall, the smaller of the garment size, the

larger of the ventilation rates. This results were similar to

that of Havenith et al.’s [20]. After analyzing the effects of

clothing sizes on local VR at each condition one by one, we

found that: the local VR differences between garment S2 or

S3 and garment S1 were much higher than the local VR

differences between garments S3 and S2. This was reasonable,

as the larger the garment, the better of the garment drapability.

And the microclimate difference between garment S2 or S3

and garment S1 was much higher than that of the differences

between garments S2 and S3. 

The Effects of Bottom Open or Close Conditions on

Local Ventilation

It can be found that the greater the head-on wind speed,

the bigger decrease of VR when closing garment bottom

(Figure 4). Because the total VR decreased 10.31 % when

closing garment bottom for no wind conditions, 13.11 % for

0.6 m/s wind conditions and 16.78 % for 0.9 m/s wind

conditions. 

The effects of bottom open or close conditions on local

VR were different according to different locations and fabric

permeability. For right arm, the VR increased when closing

bottom compared with the VR of bottom open conditions

except for impermeable garment at wind conditions. For

chest and back, the VR decreased when closing bottom

compared with when bottom open for all garments and

conditions. 

Although the garment bottom closing method in this study

changed clothing microclimate, we can still conclude that

the air exchanges of chest and back through garment bottom

were larger than that of the right arm. And the main air

exchange way of clothing right arm was not through garment

bottom. 

The Effects of Wind on Clothing Local Ventilation

It has been proved that wind increased ventilation [19,20].

The effects of wind on clothing local ventilation were also

proved in this study, as shown in Figure 5. The effects of
Figure 4. Clothing local ventilation rates of the right arm, the chest

and the back at different conditions. 
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wind on each location were different. 0.6 m/s wind increased

right arm ventilation on average by 85 %, chest VR by 49 %,

back VR by 24 %. 0.9 m/s wind increased right arm VR by

136 %, chest VR by 81 % and back VR by 33 %.

For right arm, wind increased more air exchange when

bottom closing for permeable and semi-permeable garments.

The reason may be that the microclimate conditions of the

garment were changed when the bottom was closed. Therefore,

for arm VR of permeable or semi-permeable garment, most

of the air exchange is not through garment bottom. For

impermeable garment, right arm VR increased when having

head-on wind for both bottom close and open conditions.

VR decreased on average by about 10 % when closing

bottom. For chest, wind increased much more VR for

impermeable garment compared with permeable and semi-

permeable garment. The head-on wind changed the chest

microclimate and forced the air in chest going into other

body parts. For back, wind increased VR obviously for

semi-permeable garments. For impermeable garment, VR

increased obviously for bottom open conditions. But the

back VR decreased when garment bottom was closed.

Therefore, for impermeable garment, the main air exchange

way for back was through garment bottom.

Overall, the effects of wind on clothing local VR were

very much complicated. Wind not only increased the air

exchange through fabric, but also changed the microclimate

conditions of clothing. But we can still conclude that for

impermeable garment, wind increased the air exchange

through garment bottom for chest and back. 

The Comparisons between Different Garment Parts

The VR of right arm, chest and back were significantly

different from each other. While the conditions between

bottom open and closed were different. For bottom open

conditions, the chest had the largest VR, followed by back.

While for bottom closed conditions, the chest still had the

largest VR, but followed by the right arm. Therefore, it can

be conclude that for the experimental garment in this study,

the back air exchange through garment bottom was larger

than the right arm and chest. The chest ventilation contributed

most to the whole ventilation. 

Whole VR of the Experimental Jackets at Different

Wind Conditions

Figure 6 shows the whole ventilation of the experimental

garments at different conditions. Only the whole VR when

the garment bottom was open were computed and compared.

The whole VR of S1-PM ranges from 36.57 (This smallest

whole VR happened at no wind & bottom open conditions)

to 54.00 l/min (This largest whole VR happened at 0.9 m/s

& bottom closed conditions). The whole VR of S1-SM

ranges from 38.23 (no wind & bottom closed) to 66.55

(0.6 m/s wind & bottom closed) l/min. The whole VR of S1

-IM ranges from 13.13 (no wind & bottom closed) to 19.37

(0.9 m/s & bottom open). The whole VR of S2-PM ranges

from 38.22 (no wind & bottom closed) to 71.76 m/s (0.9 m/s

& bottom open). The whole VR of S2-SM ranges from 48.30

(no wind & bottom open) to 96.58 m/s (0.9 m/s & bottom

open). The whole VR of S2-IM ranges from 12.78 (no wind

& bottom open) to 29.84 l/min(0.9 m/s & bottom open). The

whole VR of S3-PM ranges from 27.25 (no wind & bottom

closed) to 75.42 l/min (0.9 m/s & bottom open). The whole

VR of S3-SM ranges from 50.26 (no wind & bottom closed)

to 99.75 l/min (0.9 m/s & bottom open). The whole VR of

the S3-IM ranges from 13.92 (no wind) to 31.23 l/min

(0.9 m/s & bottom open). 

The impermeable garments always had the smallest whole

VR. S1 size garments had the smallest whole VR. The

difference between size S1 and S2 or S3 was much higher

than that of between size S2 and S3. It was interesting that

the semi-permeable garments had the largest whole VR.

This may be caused by the properties of the fabrics, which

impacted the shape of the garments. Wind increased whole

VR significantly both at bottom open and closed conditions. 

Figure 5. Sum of the local ventilation rates of garments with

identical size. Figure 6. Whole ventilation of different garments at different

conditions.
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For whole clothing VR, the effects of fabric permeability,

clothing sizes and wind were also obviously. But the situations

were different from those of local VR. Thus the results

demonstrated that it was necessary to both study the whole

VR and local VR. 

Conclusion

In this paper, a clothing local ventilation system was set

based on the steady-state method [6,20]. This system can

measure the right arm, the left arm, the chest and the back

ventilation rates at the same time. The system can also

measure the whole garment ventilation rates indirectly. To

study the influence of the clothing sizes, openings, fabric

permeability and wind on local ventilation rates, 9 jackets

with different sizes and permeability were made. Both local

VR and whole VR were computed and analyzed. 

The results showed that the local ventilation rates for

different garment locations were different. The impermeable

garments had the smallest local and whole VR. It was

interesting that the semi-permeable garments had the largest

ventilation rates. The main reason was the permeability

differences between garments were not big enough. And the

fabric properties impacted ventilation rates more comparatively.

Clothing sizes also impacted local and whole VR signi-

ficantly. But the ventilation rates were not liner with the

clothing sizes. As the clothing microclimate was not related

to garment size, but also to garment drapability property. 

Local VR were also affected by the garment bottom open

or close conditions. The influence of bottom close on local

VR was more obvious for chest and back comparatively. It

can demonstrate that there is more air exchange through

garment bottom for chest and back. 

Wind increased local VR of all the three locations obviously.

Wind increased the right arm ventilation most. This may be

related to the experimental garment structure. Because the

sleeve had a vent on it, the wind increased more air exchange

between the sleeve and outside air through the vent. 

This study indicates that the fabric permeability, clothing

sizes, bottom opening conditions and wind affect both

clothing whole and local VR obviously. And these factors

interact with each other. This study also indicates that when

evaluating work wear, it is necessary to measure both

clothing whole and local ventilation. And it is also necessary

to measure clothing ventilation at different conditions. 

Acknowledgement

We thank the staff of Environmental Ergonomics Research

Center of Loughborough University for their help to this

study. We give thanks to the part financial support of the

National Natural Science Foundation (51106022), Innovation

Program of Shanghai Municipal Education Commission

(12ZZ068, Shanghai Pujiang Program), and National Social

Science Foundation (12DG36).

References 

1. R. R. Brinbaum and G. W. Crockford, Appl. Ergon., 9, 194

(1978).

2. G. Havenith, Ann. Occup. Hyg., 43, 289 (1999).

3. G. Havenith, Exoge. Derma., 1, 221 (2002).

4. G. Havenith, P. Zhang, K. Hatcher, and H. Daanen, Ergon.,

53, 548 (2010).

5. G. W. Crockford, M. Crowder, and S. P. Prestidg, Brit. J.

Ind. Med., 29, 378 (1972).

6. W. A. Lotens and G. Havenith, Envir. Ergon., 34, 162

(1988).

7. G. Havenith, U. Hiroyuki, S. Hayet, and I. Yoshimitsu,

Proc. 2nd Euro. Conf. Prot. Cloth., p.21, Switzerland,

2003.

8. H. Ueda and G. Havenith, Envir. Ergon., 343 (2005).

9. H. Ueda, Y. Inoue, and G. Havenith, 11th Inter. Conf. Envir.

Ergon., p.411, Sweden, 2005. 

10. H. Ueda, Y. Inoue, M. Matsudaira, T. Araki, and G.

Havenith, Int. J. Cloth. Sci. Tech., 18, 225 (2006).

11. Y. Satsumoto and G. Havenith, Text. Res. J., 80, 1859 (2010).

12. J. Cotter, M. Patterson, and N. Taylor, Eur. J. Appl.

Physiol. Occup. Physiol., 71, 549 (1995).

13. G. Havenith G. A. Fogarty, R. Bartlett, C. Smith, and V.

Ventenat, Eur. J. Appl. Physiol., 104, 245 (2008).

14. C. Smith and G. Havenith, Eur. J. Appl. Physiol., 111, 1391

(2011).

15. C. Smith and G. Havenith, Med. Sci. Sports Exercise, 44,

2350 (2012).

16. N. Taylor, F. Caldwell, and I. Mekjavic, Avia. Space Envir.

Med., 77, 1020 (2006).

17. S. H. Lumley, D. L. Story, and N. T. Thomas, Appl. Ergon.,

22, 390 (1991).

18. W. A. Lotens and G. Havenith, Ergon., 34, 233 (1991).

19. G. Havenith, R. Heus, and W. A. Lotens, Ergon., 33, 67

(1990).

20. G. Havenith, R. Heus, and W. A. Lotens, Ergon., 33, 989

(1990).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.02000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


