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Abstract: In this study, 100 % cotton knitted fabrics were dyed with direct dye with different colour depths. The colour
properties such as CIE L"a’b’ values as well as dyeing levelness of the dyed fabrics were measured. The relationship between
colour properties and the ultraviolet (UV) protection property were investigated. Experimental results revealed that the colour
depth and dye concentration are the most important factors influencing the UV protection property of cotton knitted fabrics.
In addition, only CIE L’ values have a significant relationship with UV protection factor (UPF). The CIE a“and CIE b’ values
did not have significant correlation with UPF values but the dyeing levelness would affect the UV protection property of

coloured 100 % cotton knitted fabric.
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Introduction

The prevention of ultraviolet (UV) radiation damage has
become more important issue in recent years because UV
radiation has detrimental effects on human skin [1-3].
Researches prove that ultraviolet radiation (UVR) from the
sun could be one of the primary causes of skin cancer [4,5]
including both non-melanoma and melanoma skin cancers
[6]. Therefore, an adequate level of sun protection is required
and clothing has long been considered as a valuable mean of
protection against ultraviolet (UV) radiation [7]. UV protective
property of clothing materials depends on many factors and
factors which are most frequently cited are fibre composition,
fabric construction, fabric cover factors, dye and finishes on
fabrics [8-10]. However, most of the studies have concentrated
on the fabric parameters with woven fabrics only, whereas
there have been few studies concerning knitted fabrics. In
this study, direct dye will be used with different dye
concentrations for dyeing 100 % cotton knitted fabrics. After
dyeing, the colour properties such as CIE L'a’b" as well as
dyeing levelness will be measured. The main focus of this
paper is to study the relationship between colour properties
and the UPF of dyed cotton knitted fabrics will be investigated.

Experimental

Materials

Circular knitting machine (DXC Fukuhara) with gauge
number 20 was used for making 100 % plain cotton knitted
fabrics using yarns with yarn count Ne20 (yarns were
provided by Central Textiles (H.K.) Ltd.). Fabric specifications
were shown in Table 1. The major difference between Fabric
1 and Fabric 2 is the type of cotton fibre used.
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Combined Scouring and Bleaching of Cotton Knitted
Fabric

The fabrics were scoured and bleached by hydrogen
peroxide 50 % (12 m//l), detergent Sandopan DTC (0.5 g//)
(supplied by Clariant), sodium silicate (0.5 g//), stabilizer
AWN (0.5 g/l) (supplied by Clariant) and add sodium
hydroxide (10 g//) to the liquor until the pH reached 10. The
fabrics were scoured and bleached in the bath at boil for
60 minutes. The liquor ratio was 50:1. After scouring and
bleaching, the fabrics were rinsed thoroughly with hot water
first then cold water. Finally, the fabrics were neutralized
with cold dilute sulphuric acid solution (0.5 %). The samples
were rinsed again with tap water, until they were free from
acid and air dry. After scouring and bleaching, the fabrics
were subjected to a standard conditioning environment
(relative humidity: 65+2 % and 20+2 °C) for 24 hours prior
to use.

Direct Dye Dyeing

Direct dyes (three primary colours, i.e. red, yellow and
blue) were supplied by Clariant, Hong Kong. All dyes were
used as received without further purification. In addition,
mixture of dye was carried out to investigate their effect of
UV protection. The dye specifications were listed in Table 2.

The dyeing process was carried out in an oscillating
sampling machine (Tung Shing Dyeing Machines Factory
Ltd., Hong Kong, China). Dyebath was prepared based on
liquor-to-goods ratio of 100:1 and 1 g cotton knitted fabric
was used for dyeing. Auxiliaries that used for dyeing different
direct dye colour depths (represented by dye concentration
of 0.1 %, 1.0 % and 5.0 % on-weight of fabric (owf)) and the
dyeing condition were illustrated in Table 3 and Figure 1
respectively. Initially, the temperature of dyebath was kept at
a temperature of 40 °C for 10 minutes after the addition of
fabric and sodium sulphate. The direct dye was then added
to the dyebath which was maintained at 40 °C for further
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Table 1. Specifications of the fabrics
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Sample code Fibre type Yarn count \(K;f?)t Th(lgl];;l)e s Cigggsfégle)r Waliwlflr)mch
Fabric 1 Combed cotton Ne20 180.0 0.82 35 30
Fabric 2 Combed supima cotton 157.5 0.94 33 28

Table 2. Dye specifications
Colour Dye used Ratio Sample code
Red Indosol Rubinole SF-RGN 1 D-R
Yellow Indosol Yellow SF-2RL 1 D-Y
Blue Indosol Blue SF-2G 400 1 D-B
Green Indosol Blue SF-2G 400 + Indosol Yellow SF-2RL 1:1 D-G
Orange Indosol Yellow SF-2RL + Indosol Rubinole SF-RGN 1:1 D-O
Purple Indosol Blue SF-2G 400 + Indosol Rubinole SF-RGN 1:1 D-P
Black Indosol Blue SF-2G 400 + Indosol Yellow SF-2RL + Indosol Rubinole SF-RGN 1:1:1 D-Bk
Table 3. Auxiliaries that used for dyeing different direct dye Table 4. AS/NZS 4399 UPF classification system
concentrations - : UPF range UVR protection Effect.ive' UVR
Dye concentration Sodium sulphate (g//) & category transmission (%)
(%) 1st addition 2nd addition 15-24 Good protection 6.7-4.2
0.1 25 25 25-39 Very good protection 4.1-2.6
1 7.5 7.5 40-50, 50+ Excellent protection <25
5 15 15
300 Conc UV-visible spectrometer. The UV protection
f;’l*li’;:ﬂ:l properties in terms of UV protection factor (UPF) and UV

Fabric,
sodium 30 60
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Figure 1. Dyeing condition of direct dye.

20 minutes. Afterward, the dyebath temperature was increased
to 95 °C within 30 minutes. Sodium sulphate was added after
30 minutes when the dyebath temperature reached 95 °C.
After adding the sodium sulphate, the dyebath was run for
further 60 minutes and then washed off with running water.
Finally, soaping with detergent (Sandopan DTC, 2 g//) was
conducted for 15 minutes at 90 °C. Samples were dried by
air. All samples were subjected to a standard conditioning
environment (relative humidity: 6542 % and 20+2 °C) for
24 hours prior to further evaluation. In addition, a blank
dyeing without dye was carried out for comparison purpose.

UPF Measurement
UV properties of fabrics were evaluated by the Australian/
New Zealand standard (AS/NZS 4399) with a Varian Cary

ray transmittance were measured by the spectrophotometer.
Fabrics (size: 22x34 mm) were cut out from the middle of
each piece of fabric. These fabrics were then mounted,
without tension, on the slide frames for measurement. The
UV spectrophotometer recorded the transmittance between
290 nm and 400 nm at every 5 nm. For each fabric sample,
four measurements were taken and the mean UPF was
calculated according to equation (1) [11]. Table 4 shows the
classification system of good sun protection according to
AS/NZS 4399.

400
2290E1'S1'A1 (1
2400 )
290E1'S/1' TA'AA

UPF =

where
S, is the solar spectral irradiance (in Wm™>Nm™),
E is the erythemal spectral effectiveness from CIE 1987,
T, is the spectral transmission through the textile,
A, is the bandwidth (in nm),
A is the wavelength (in nm).

CIE L"a’b" Measurement

Colour appearance in terms of CIE L'a’b” values were
measured by Macbeth CE-7000A spectrophotometer. Colours
are represented by L, a" and b* coordinates where L represents
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Table 5. Suggested interpretations of RUI values [12]

RUI Visual appearance of levelness
<0.2 Excellent levelness
0.2-0.49 Good levelness
0.5-1.0 Poor levelness
>1.0 Bad levelness

lightness (from 0 (black) to 100 (whlte)) a represents red-
green (positive a "=red, negative a —green) and b’ yellow-
blue (positive b'=yellow, negative b’=blue). The a” and b"
coordinates are close to zero for neutral colours such as
white, black or grey while more saturated colors have higher
a and b’ coordinates.

Dyeing Levelness

Relative unevenness index (RUI) [12] was found by
measuring colour reflectance values at 8 random locations
on the sample by reflectance spectrophotometer (Macbeth
Color-Eye 7000A) with illuminant D65 and 10 ° standard
observer spectrophotometer with D65 Illuminant and 10 °
standard observer from 400 nm to 700 nm with 20 nm interval.
RUI of the colored sample was calculated by equations (2)
and (3).

L (R-R,)’

S, =
4 n—1

@

where S; is standard deviation of reflectance values, R; is
reflectance value of the ith measurement for each wavelength
and R,, is mean of reflectance values of n measurements for
each wavelength.

700 7005
RUI = 2400C;, V,= 2400?1 Vs (3)

where C;is the coefficient of variation of reflectance values
measured for each wavelength for 400-700 nm and V) is
photopic relative luminous efficiency function.

The degree of evenness is described according to the RUI
value obtained; suggested interpretations of RUI values are
shown in Table 5 [12].

Air Permeability Measurement

The air permeability was evaluated by KES-F8-AP1 air
permeability tester. The testing result, expressed as air
resistance (R), was recorded in kPa-s/m, in which a greater
value of R indicates a poorer air permeability of the fabrics.
The sample size used in this test was 10 cmx10 cm. 10
specimens were tested and the average values were reported.

Results and Discussion

Relationship between Colour Depth and UPF
All dyes have the ability to absorb visible light but some
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Figure 2. UPF results of direct dyed fabrics.

of them could even absorb UV rays in the near ultraviolet
region. The structure of dye molecules play an important
role regarding to the UV blocking ability. Moreover, the type
of dyes, present of absorptive groups, depth of dyeing and
the uniformity are also affecting the UV blocking ability of
the dyes [13,14]. Therefore, previous research [15] confirmed
that direct dye could substantially increase UPF of bleach
woven fabrics but there is limited research on the UV
properties of direct dyed cotton knitted fabrics. Therefore,
this study is continuously investigating the influence of
direct dyed fabrics on UPF values.

The results of UPF measurements of direct dyed colour
fabrics with three colour depths are shown in Figure 2. The
UPF result of direct dyed colour fabrics also shows that
colour has significant effect on UV protection. The UPF
values of the control samples are around 11-13 (<15) which
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mean undyed fabrics do not posses any UV protection
ability. Once colouration of the same fabrics carried out with
the use of direct dye, there is a remarkable increase in UPF
values. The result shows that the application of any colour of
dye at any one of the concentration produces an improvement
of the UPF of the cotton knitted fabrics. Thus, the colouration is
an efficient way to increase the ultraviolet protection of
fabric. The coloured fabrics demonstrates that they could
offer good (>15) at 0.1 % owf dye concentration, shows in
Figure 2(a) and excellent (>50+) UV protection at 1 % and
5 % owf dye concentration, which shows in Figures 2(b) and
2(c). There is a noticeable increase in the UPF values and
nearly all the fabric samples could obtained UPF values of
50+ which means excellent protection category. The extent
of improvement in the UPF value is due good penetration
and higher diffusion ability of direct dye contributes to the
high UPF results. During dyeing process, direct dye aggregates
and then broken down progressively to single molecules.
Thus, those single molecules could penetrate into the
microspores of the cellulose fibres [16]. The excellent dye
affinity and uptake enable dye absorb ultraviolet radiation in
the visible and UV radiation band. Dye reacts like additives
to the fabric and improve UV protection abilities as they
blocks UV transmission through a fabric to skin [15].

Figure 3 shows the spectra of diffuse transmittance in the
UV region for the seven studied direct dyes. D-R and D-Bk
get the lowest transmission in the UVB and UVA region
where mean these two dyes got higher light absorption
ability in UV region, as the result D-R and D-Bk get the high
UPF value (50+). D-B and D-Y got the highest transmission
in UVB and UVA region respectively, which means weak
UV blocking properties. The results in this study confirmed
Srinivasan and Gatewood study [7]. Their results showed
that colour is not a reliable indicator of the UV protection of
the dyed fabrics. They reported that direct dye black does not
necessarily provide the best UV protection. Nevertheless, other
dyes such as direct dye red, blue, green and brown may
increase the UV protection depending on their absorption
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Figure 3. The spectra of diffuse transmittance in the UV region for
the direct dyes at 5 % owf.
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characteristics in the UV region. Therefore, a more professional
coloristic parameters (CIE L'a'b") were used to describe the
colour of fabric and their correlation with UPF in the next
section.

When the fibre type is taken into consideration, generally
speaking, if the UPF is compared in dry and undyed state,
combed supima cotton yarn provides a better UPF rating
than combed cotton yarn when using the same spinning
method [17]. However, in this study, after dyeing, the UPF
of dyed knitted fabrics made from combed supima cotton is
generally worse than the combed cotton and the results are
opposite to undyed knitted fabrics as shown in Figure 2.
Since combed cotton is short staple fibre while combed
supima cotton is long and fine staple fibre, during dyeing,
the short staple fibre will migrate easier than the long staple
fibre to the yarn surface. As a result, knitted fabrics made
from combed cotton fibre (short staple fibre) will have more
short fibres in the fabric surface which may block or absorb
the UV radiation so that a better UV protection property
could be achieved.

Relationship of Colour Values and UPF

The influence of colour values CIE L"a’b’ on UPF values
of direct dyed fabric was investigated and illustrates in Table
6. The correlation coefficients Rxy shows the relationship of
UPF values and the individual values of CIE L', CIE a’and
CIE b" values. The CIE L" value has a better mathematical
relationship with UPF than CIE a'and CIE b values. The
CIE L’ value and the UPF is a highly negative correlation.
The correlation coefficients Rxy of Fabric 1 is -0.80 and Rxy
of Fabric 2 -0.78. Moreover, Table 6 also shows that is a
correlation of CIE a“ value and the UPF value but the
correlation relationship is not as strong as CIE L" value. The
correlation coefficients of CIE a” value and the UPF are
positively correlated, Rxy of Fabric 1 is 0.21 and Rxy of
Fabric 2 is 0.25. However, the correlation of CIE b* and the
UPF value is obviously very week and on the average is 0.0
(Fabric 2) to -0.05 (Fabric 2). In this study for both reactive
and direct dyed fabric samples, only CIE L" value can be
direct mathematically related with UV protection factor.
Moreover, CIE a  and CIE b values do not have significant
correlation with UPF values. It is because colour itself is not
a reliable indicator of the UV protection of the dyed fabrics
but colour depth is the most important variable affecting
transmittance [18]. Generally speaking, people believe that
blue was more effective block to orange. However, Gorensek
and Sluga found that pale blue was shown to be less
protective than pale orange which was in turn less protective
than dark blue [19]. From this case, colour/hue is not a
reliable indicator of UV blocking properties of a dyestuff but
colour depth do, thus CIE L" value has a high correlation
with UPF but CIE a” and CIE b" do not have a significant
correlation with UPF.
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Table 6. The CIE L"a’b" values and UPF of direct dyed fabrics

Chi-wai Kan and Chui-ha Au

Fibre type Combed cotton - Fabric 1 Combed supima cotton - Fabric 2

Code dg)‘;}l]"&) UPF L a’ Code UPF L a’ b’
Control Undyed 11.24 90.50 -0.48 2.16 White 12.27 91.02 -0.47 227
0.1 25.03 65.80 31.16 -8.15 24.63 67.10 30.13 -8.25
D-R 1.0 116.79 40.20 38.47 -7.32 D-R 87.14 40.80 38.56 =743
5.0 223.98 27.30 32.08 -5.24 138.61 28.80 32.98 -5.26
0.1 23.71 85.30 -1.78 41.67 22.46 85.90 -1.96 41.32
D-Y 1.0 94.42 78.20 11.42 72.44 D-Y 56.58 79.70 10.24 71.35
5.0 154.90 72.80 23.27 82.91 94.02 73.80 22.17 82.46
0.1 29.95 62.80 -12.12 -16.95 24.18 64.00 -11.75 -16.55
D-B 1.0 113.46 36.80 -9.58 -18.09 D-B 68.13 36.80 -10.15 -19.15
5.0 146.56 25.30 -6.45 -14.92 99.09 26.10 -6.41 -14.88
0.1 30.48 68.70 -16.94 6.09 23.02 69.00 -16.16 5.66
D-G 1.0 94.58 44.20 -19.71 6.00 D-G 66.65 45.40 -19.71 6.05
5.0 191.82 31.20 -15.70 8.95 100.89 31.20 -15.48 8.90
0.1 29.98 72.30 19.24 12.80 25.35 72.70 19.30 12.80
D-O 1.0 119.16 47.20 32.73 16.08 D-O 71.62 48.70 32.68 16.14
5.0 202.29 34.40 32.46 20.04 87.19 35.10 32.84 19.94
0.1 30.77 61.90 4.30 -16.75 24.08 62.70 431 -16.82
D-P 1.0 119.80 33.40 9.19 -20.30 D-P 75.14 34.70 9.31 -20.44
5.0 213.37 22.10 6.46 -15.56 131.87 22.90 6.45 -15.32
0.1 32.88 66.50 -1.24 -1.73 25.45 68.10 -1.17 -1.67
D-Bk 1.0 131.20 38.90 1.93 -4.17 D-Bk 69.73 40.60 0.66 -3.51
5.0 219.25 25.40 1.01 -0.84 93.84 27.40 -0.65 -0.73
Rxy -0.80 0.21 0.00 Rxy -0.78 0.25 -0.05

Relationship between Dyeing Levelness and UPF

Fabric with RUI value between 0.2-0.49 can be classified
as good dyeing levelness [12], which means there is some
noticeable unlevelness only under close examination. According
to the suggested interpretation of RUI values [12], both
Fabric 1 and Fabric 2 achieve good dyeing levelness. However,
with the increase of colour depth, the dyeing levelness
decreases because of the usual problem of dyeing, i.e. high
risk of unlevel dyeing in high concentration of dye. It is
noted that for colour produced by one dye, i.e. D-R, D-Y and
D-B, the dyeing levelness is better than colour produced by
two (D-G, D-O and D-P) and three (D-Bk) dyes. This is
because with the use of more than one dye in dyeing, the rate
of exhaustion of individual dye may be different which
would lead to unlevel dyeing. Moreover, from Table 7, the
mean RUI of Fabric 1 and Fabric 2 which dyed with reactive
dye are maintaining at good dyeing levelness. From Table 7,
the mean RUI of Fabric 1 and Fabric 2 which dyed with
direct dye are 0.32 and 0.26 respectively which .

There is an interesting phenomenon was observed. The

levelness of Fabric 2 is slightly better than Fabric 1. This can
be explained by the nature of different cotton fibre used by
Fabric 1 and Fabric 2. Fabric 1 is made of combed cotton
and Fabric 2 is made of combed supima cotton respectively.
The combed supima cotton yarn can absorb dye much better
than combed cotton yarn due to its fineness as more fibres
can be spun into a yarn of a given count which may enhance
the dyeability of the fabric [20].

From Figure 4, when compared with Fabric 1 and Fabric
2, there was a positive correlation between the RUI and the
UPF value for direct dyed samples as the R? values for
Fabric 1 and Fabric 2 are 0.8028 and 0.6118 respectively
[21]. This means the UPF values of direct dye coloured fabrics
could be affected not only by dyes and dye concentration but
also dyeing levelness.

Relationship between Air Permeability and UPF
Generally speaking, during dyeing, fabric may shrink which

would cause reducing size of fabric voids and increasing in

fabric cover factor. However, due to limited specimen size,
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Table 7. Dyeing levelness of direct dyed samples

Combed cotton - Combed supima cotton -

Fibre type

Fabric 1 Fabric 2

Code c];fﬂh (f/f) RUI Code RUI
0.1 0.17 0.12

D-R 1.0 0.27 D-R 0.23
5.0 0.36 0.30

0.1 0.22 0.16

D-Y 1.0 0.32 D-Y 0.25
5.0 0.39 0.30

0.1 0.20 0.14

D-B 1.0 0.24 D-B 0.21
5.0 0.39 0.30

0.1 0.25 0.20

D-G 1.0 0.33 D-G 0.28
5.0 0.41 0.35

0.1 0.25 0.21

D-O 1.0 0.35 D-O 0.30
5.0 0.41 0.36

0.1 0.24 0.22

D-P 1.0 0.34 D-P 0.30
5.0 0.42 0.36

0.1 0.27 0.24

D-Bk 1.0 0.36 D-Bk 0.32
5.0 0.45 0.40

Mean RUI 0.32 0.26

air permeability is used as a measurement to the change in
fabric structure. If poorer air permeability was obtained, a
closely pack structure was obtained and this would imply
that the UV transmission would be lowered. The air
permeability between the undyed and blank dyed Fabric 1
are 0.19 and 0.20 respectively. In case of Fabric 2, the air
permeability between the undyed and blank dyed Fabric 2
are 0.19 and 0.20 respectively. There is no significantly
difference between the undyed and blank dyed fabrics in air
permeability and it can reveal that the fabric structure
changes are not serious.

In addition, the correlation between air permeability and
UPF for Fabric 1 and Fabric 2 are 0.01 and 0.03 respectively.
This relationship reveals that in case of direct dyes in this
study, the fabric structure does not show strong correlation
in affecting the UPF.

Conclusion

Colour is an important factor affecting in UPF rating. In
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Figure 4. Correlation between dyeing levelness and UPF of direct
dyed samples; (a) fabric 1 and (b) fabric 2.

this study, the relationship of knitted fabric colour shades
and CIE L"a’b’ values on UPF rating of direct dyestuffs were
studied. The result shows that the colour depth and dye
concentration are the most important factors for affecting the
UV protection property of cotton knitted fabrics. In addition,
only CIE L" values have direct mathematical relationship
with UV protection factor. The CIE a’ and CIE b’ values did
not have significant relationship with UPF values. However,
in case of direct dyes dyeing, the dyeing levelness of cotton
knitted would have influence on the UV protection property.

Acknowledgement

Author would like to thank the financial support from the
Hong Kong Polytechnic University for this work.

References

1. C. Van den Keybus, J. Laperre, and R. Roelandts, J. 4m.
Acad. Dermatol., 54, 86 (2000).

2. K. Hoffmann, K. Kaspar, T. Gambichler, and P. Altmeyer,
J. Am. Acad. Dermatol., 43, 1009 (2000).

3. S. Q. Wang, J. Am. Acad. Dermatol., 44, 767 (2001).

4. R. N. Saladi and A. N. Persaul, Drugs Today, 41, 37
(1998).

5. D. L. Narayanan, R. N. Saladi, and J. L. Fox, Int. J Dermatol.,
9,978 (2010).



1268  Fibers and Polymers 2015, Vol.16, No.6

6.

10.
I1.

12.

13.

R. Lucas, T. McMichael, W. Smith, and B. Armstrong,
“Solar Ultraviolet Radiation - Global Burden of Disease
from Solar Ultraviolet Radiation”, pp.20-71, World Health
Organization, Geneva, 2006.

. M. Srinivasan and B. M. Gatewood, Text. Chem. Color:

Amer. Dyestuff Rep., 32, 36 (2000).

. M. Pailthorpe, Textile Horizons, 16, 11 (1996).
. P. Crews, S. Kachman, and A. Beyer, Text. Chem. Color.,

31, 17 (1999).

A. Riva and I. Algaba, J. Text. Inst., 97, 349 (2006).

K. Hoffmann, J. Laperre, A. Avermaete, P. Altmeyer, and
T. Gambichler, Arch. Dermatol., 137, 1089 (2001).

C. L. Chong, S. Q. Li, and K. W. Yeung, J. Soc. Dyers
Colourists, 108, 528 (1992).

G. Reinert, F. Fuso, R. Hilfiker, and E. Schmidt, Zext.

14.

16.
17.

19.
20.

21.

Chi-wai Kan and Chui-ha Au

Chem. Color., 29, 31 (1997).
R. Hilfiker, W. Kaufmann, G. Reinert, and E. Schmdt, Text.
Res. J., 66, 61 (1996).

. A. Tarbuk, A. Grancaric, M. Situm, and M. Martinis,

Collegium Antropologicum, 34, 179 (2010).

M. V. Campbell, J. Soc. Dyers Colour., 66, 120 (1950).

C. W. Kan, L. Y. Yam, and S. P. Ng, Materials, 6, 4985
(2013).

. C. A. Wilson, N. K. Bevin, R. M. Laing, and B. E. Niven,

Text. Res. J., 78, 95 (2008).

M. Gorensek and F. Sluga, Text. Res. J., 74, 469 (2004).
M. L. Wan, C. W. Kan, and K. F. Choi, Color. Technol.,
126, 18 (2010).

K. H. Zou, K. Tuncali, and S. G. Silverman, Radiology,
227,617 (2003).




<<
  /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 1.33333
  /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 1.33333
  /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 1.33333
  /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


