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ABSTRACT

In this study, the amounts in natural and artificial leathers of heavy metals such as cadmium, cobalt, chrome, copper, mercury,
nickel and lead, which are limited in many goods due to their toxicological features, and of aluminum and zinc, which are unlimited,
were determined. First, the wet decomposition and the total heavy metal contents of the leathers were specified in ICP-OES. Later, the
amount of heavy metal manifesting when the leathers were exposed to sweat and water was determined using ICP-OES. The heavy
metal detected in the greatest quantities in natural and artificial leathers was chrome. Small amounts of aluminum, cobalt, copper, nickel
and zinc were also determined due to the chemical and physical reactions during the dyeing and finishing processes,. However, neither
hexavalent chrome, cadmium, mercury nor lead were encountered in either of the leather types. Finally, heavy metal contents were
compared with standard limit values.

Keywords: Natural upholstery leather, artificial upholstery leather, heavy metal, ICP-OES, environment.

OZET

Bu ¢aligmada toksikolojik 6zelliklerinden dolay1 birgok kullanim esyasinda bulunmasina sinirlamalar getirilen kadmiyum, kobalt,
krom, bakir, civa, nikel, kursun ve sinirlandirma getirilmeyen aliiminyum ve ¢inko gibi agir metallerin dosemelik dogal ve yapay
derilerdeki miktarlart tespit edilmistir. Arastirmada; oncelikle derilerin yas yakma islemi ile toplam agir metal icerikleri ICP-OES de
belirlenmistir. Daha sonra, derilerin kullanimi esnasinda tere ve suya maruz kalmasiyla agiga ¢ikan agir metal miktarlar1 ICP-OES
kullanilarak saptanmistir. Dogal ve yapay derilerde saptanan en yiiksek agir metal elementinin krom oldugu tespit edilmistir. Boyama ve
finisaj prosesleri esnasindaki kimyasal ve fiziksel reaksiyonlardan dolay: kiigiik miktarlarda aliiminyum, kobalt, bakir, nikel ve ¢inko
elementleri tespit edilmistir. Ayrica her iki deri tipinde de hekzavalent krom, kadmiyum, civa ve kursun metallerine rastlanilamamigtir.
Son olarak da, agir metal igerikleri, standart limit degerler ile kiyaslanmistir.

Anahtar kelimeler: Dosemelik dogal deri, dosemelik yapay deri, agir metal, ICP-OES, gevre.
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1. INTRODUCTION

Today, natural leather production is regarded as an industry
which causes significant pollution. Many different organic
and inorganic materials are used during the manufacture of
leather, and pollution is caused by the intense use and
discharge these chemicals (1). The manufacture of nearly
90% of the natural leathers produced in the world still
involves the use of chrome salts (2). However, chrome
cannot give the leather all the features and qualities desired,
and so different metal salts, vegetable tannins and/or
synthetic tannins are used in various phases of leather

manufacture. In addition, dyes and pigments containing
heavy metals are used to color the natural leather. Some of
the heavy metals in the natural leathers may originate from
the metal based chemicals used in the many steps of
leather manufacture, heavy metals in the water used in
processing, or contamination from mechanical processes
(3). Finally, they may have been transferred to the leather
through the metabolic activities of the animal while it was
alive. In artificial leathers, heavy metal content is generally
the result of the contents of the chemicals and pigments and
contamination during manufacturing, since these leathers
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are not subjected to a lengthy tanning process in which
heavy metals are used in large quantities.

Recently, the increasing price of natural leather around the
world has caused consumers to shift towards goods
manufactured from artificial leathers. Since these products
are easy to clean, light, and have good water-repelling
features, they are used as an alternative to natural leather
especially in shoes and furniture. However, artificial leathers
cannot replace natural leathers in terms of comfort and
hygiene, especially in shoes, so that the demands of
discerning consumers for organic products are increasing,
and the demand for natural leather has not decreased (4).

All leather products whose lifetime has ended can be
harmful to the ecosystem when discarded into the
environment (5). This, combined with increasing
environmental awareness and the demands of consumers
for organic and hygienic products, has caused an increase
in toxicological research into leather (6).

As a result of the ecological and toxicological dangers of the
leather industry, bans or limitations have been imposed on
the use of toxicological chemicals (7), and there has been a
move towards cleaner manufacturing systems and
technologies. The effects on human health of these
chemicals, in addition to their effects on environmental
pollution, are being investigated because of their use in
leather products (3).

In the manifesto of the European Union Commission dated
July 12 2002, a complete ban was placed on Pb, Cd, Cr
(VI), As, Hg and their compounds in textile and leather
products, and concentrations of other heavy metals were
limited (8). After this manifesto, it was necessary for leather
industries to manufacture with more awareness and
supervision. Studies were carried out to determine the
heavy metal content both of various textile materials and of
natural leathers (3, 5, 7). However, no comparisons have
been conducted between the heavy metal content of these
two types of material, which can be used as alternatives in
the manufacture of finished goods. Therefore, the aim of this
research was to determine the heavy metal contents of
natural and artificial leathers used in furniture. The total
heavy metal ions in leathers and the heavy metal ions that
can be extracted in artificial sweat solution were determined
using ICP-OES. Later, an evaluation was made of the
difference between the total amounts of heavy metal in the
natural and artificial leathers and their extraction levels in
artificial sweat solution.

2. MATERIAL AND METHOD
2.1. Material

Ten natural and ten artificial different finished upholstery
leathers of different colors were randomly selected as
research material and obtained from the Istanbul Leather
Industrial Area and Menemen/Ilzmir Leather Free Zone, and
from leather furniture manufacturers.

2.2. Method

First, the pH contents of the leathers were determined in
accordance with ISO 4045:2008 and their total sulfate ash
was assessed in accordance with ISO 4047:1977 (9).

Leather samples supplied as research material were
prepared in accordance with ISO 4044: 2008 and samples
were taken in accordance with ISO 2418:2002 (9).

In order to determine the amounts of heavy metals in the
leather products which could be extracted in damp
conditions, extraction in water (EW) was carried out on the
samples in accordance with ISO 4098:2005, and extractable
heavy metal levels were determined with ICP-OES (Perkin
Elmer Optima 2100 DV) (9).

In order to determine the amounts of heavy metal which can
get into human sweat due to its dissolving effects when the
leathers are in use, an artificial sweat solution was prepared
in accordance with ISO 105-E04: 2014 (10). After the
extraction process was performed on leather samples in the
artificial sweat solution (EAS) in accordance with ISO
17072-1:2011, the concentration levels of heavy metals
other than hexavalent chrome were determined by ICP-OES
(3). The total amount of heavy metals (THM) other than
hexavalent chrome within the samples was determined by
ICP-OES in accordance with ISO 17072-1:2011 (9). The
amount of hexavalent chrome in the samples was
determined in accordance with ISO 1705:2007 (9).

MS Excel software was used for statistical evaluation of the
data obtained.

3. RESULTS AND DISCUSSION

The physical features of leathers may vary based on the
manufacturing methods and the structure of the chemicals
used during manufacturing (11). The pH and ash values of
the leathers in the study are displayed in Table 1.

The pH values of leathers may vary in accordance with the
pH values of the chemicals and additives used in the final
steps of the leather manufacturing process and the
proportions in which they are used. The pH values for liquid
extracts at a ratio of 1:20 should not be below 3.5 (12). As
seen in Table 1, it was found that the average pH value of
the natural leathers in our study was 4.88+0.23 and that of
the artificial leathers was 7.32+ 0.59. These pH values
match the standard value of BASF (2010) (12).

The total amount of inorganic material in leathers can be
found by the ash determination method, and should not
exceed 2.5% (12). Also, 0.5% mineral material may be
found in natural leathers based on the nutrition condition of
the animal (12). Cantera et al. (1994) and Taylor et al.
(1997) found 6.7% and 8.5% total ash values respectively in
accordance with the tanning method with chrome (13, 14).
Rajamaran et al. (1978) found the amount of ash in
vegetable and vegetable-chrome tanned natural leathers to
be 7.42% and 6.45% (15). Tatano et al. (2012) found an
average amount of ash in the synthetic leathers of 16.61%
(16).

When the ash values in our research were examined, it was
found that the average amount of ash was 7.38+2.89% for
natural leathers and 2.95+1.89% for artificial leathers (Table
1). It was found that all the ash values in our research were
higher than the standard value. Values found in natural
leathers were similar to those found in works by other
researchers, while artificial leathers had lower values.
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Table 1. pH and ash amounts of the leathers

Parameters Natural Leathers Artificial Leathers Standard
Mean + SD Mean + SD BASF'

pH 4.88+0.23 7.32+£0.59 >3.5

Ash (%) 7.38 £2.89 2.95+1.89 <25

' Pocket Book for the Leather Technologist

Today, the fact that consumer demand is shifting towards
organic and non-toxic materials necessitates deeper
examination of heavy metals, especially in leather products
in contact with human skin.

It was found in this study that the values of all heavy metals
in the leathers determined by wet decomposition were
higher than those which could be extracted in water or
sweat (17, 18). As indicated in Table 2, cadmium, mercury
and lead were not found among the heavy metal ions.
Basaran et al. (2006) found cadmium and lead at very low
levels (3). They stated that the amounts of cadmium
determined at low levels varied according to the color of
leathers, and that this resulted from pigments used in the
leather production process (3). Besides, the very low levels
of lead and mercury which can sometimes be determined in
natural leather samples may derive from the environment of
the animal or the slaughterhouse.

EW and EAS cobalt concentration values of natural leathers
have been observed below the standard values and THM
cobalt concentration values have been observed which were
above the standards (17, 18). Cobalt may have originated
from bioaccumulation while animal was alive; from the
colorants used for dyeing the leathers, or from the machines
used during the processing of the leathers (3, 5, 19, 20).
Also, it has been found that total cobalt concentration values
of artificial leathers were below the limits reported in Eko-
Text 100 and SG standard values (17, 18). This low cobalt
content of artificial leathers may be a result of metal
complex pigments and contamination during production (20,
21).

In our study, the heavy metal with the highest extract among
the natural manufactured leathers was found to be chrome
(Table 2). This high amount of chrome is the result of the
fact that tanning is mostly done with chrome sulfate salts in
today's technology. Manufactured goods tanned with
chrome contain at least 2.5% Cr,03 (12). Calculated by the
atomic weights of chrome and oxygen, this amounts to
approximately 17100 ppm chrome. When the EW, EAS and
THM contents of the artificial leathers were compared with
the Eco-Text and SG standards provided in Table 2, all the
values except Cr complied with the standards (17, 18). This
high chrome content may be a result of colorants and
contamination during mechanical processes (20, 21).

Cr (VI) was not detected in EA, EAS and THM samples of
natural and artificial leathers. Cr (VI) cannot be detected
under 3 ppm when using ISO 17075:2007 in the
determination of Cr (VI) (9). On 26 March 2014, the
European Union prohibited amounts of Cr (VI in leather
products of 3 ppm or more. This regulation will be effective
from 1 May 2015 (22). As seen in Table 2, maximum Cr (VI)
concentrations stipulated by SG and Eko Text 100 are much
lower than the maximum limit value required by the EU (17,
18). Hexavalent chrome is never used in the production of
natural leathers due to its carcinogenic effects. However
trivalent chrome, which may be present in a free state and
not bound to the leather, can be oxidized to the hexavalent
chrome under suitable conditions, or the hexavalent chrome
in leather products may result from contamination during
production (23). Similarly, the hexavalent chrome that may
be detected in artificial leathers can be caused by the
contamination during production.

Table 2. Heavy metal content of leathers

Metals Natural Leathers Artificial Leather Standards
EwW' EAS? THM? EW' EAS? THM? Eko-Tex | SG*
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 100 | (ppm)
(ppm)
MeantSD MeantSD MeantSD MeantSD MeantSD MeantSD
Cd 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.10 0.10
Pb 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 1.00 0.80
Hg 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.02 0.02
Co 0.850.46 2.94+2.86 31.74+29.86 0.07+0.03 0.08+0.01 0.55+0.37 4.00 4.00
Cr 72.57+31.12 168.42+38.24 16 549.00+£207.25 2.09+2.01 11.48+4.69 96.90+46.48 2.00 -
Cr(VI) N.D°. N.D. N.D. N.D. N.D. N.D. 0.50 0.30
Cu 4.11+3.47 6.57+11.10 53.74+40.60 0.00+0.00 0.03%0.01 0.35+0.88 50.00 60.00
Ni 0.00£0.00 0.11£0.25 0.89+2.72 0.00£0.00 0.00+0.00 0.01%0.01 4.00 1.00
Zn 0.13+0.10 1.23+0.86 11.93+£10.45 0.00+0.00 0.01%0.02 0.001+0.00 - -
Al 40.87+39.12 77.13+54.41 602.33+284.65 0.780.52 1.32+0.22 4.73+4.25 - -

! level of heavy metals extractable in water

? levels of heavy metals extractable in artificial sweat solution

® total amount of heavy metal in samples

* SchadstoffGeprift — The Test Mark for low-pollutant leather products
® Not detected
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EW and EAS copper concentration values determined in
natural leathers have been found to comply with limit values
set by Eko-Tex 100 and SG, and the THM copper value of
natural leathers has been determined to be above the
50ppm indicated by Eko Tex 100, and below the 60ppm
required by SG (17, 18). The copper detected in natural
leathers may be caused by contamination during the
production of leathers and metal complex based dyes used
in coloring leathers (3, 20). When Table 2 is examined, it
can be seen that the entire copper concentration values of
artificial leathers are much lower than the standard values
(17, 18). while the copper concentrations detected in
artificial leathers, may result from contamination during
production and copper based dyes.

Nickel concentration values of EW, EAS and THM present
in natural and artificial leathers have been found to be below
the standards (17,18). Nickel values detected in both leather
types might be caused by dyestuffs used in leather
production or stainless steel based machines and tools (3,
19, 20).

Because of a lack of limit values for zinc and aluminum by
both SG and Eko-Tex 100, it was not possible to evaluate
conformity with standards for the Zn and Al values detected
in our study (Table 2). The presence of these metals
determined in both leather types may have been caused by
contamination, inorganic pigments, or the water used in the
production of the leathers (3, 19, 20). Besides Zn may have
originated from the metabolic activities of the animal while it
was alive, and aluminum is used during the tanning and
retanning of the natural leathers (5).

4. CONCLUSION

In line with the increase in the awareness of the role of
pollution in human health today, ecological and toxicological
limitations and bans have been introduced. As a result of
these topics gaining currency, determination of heavy
metals as potentially harmful materials has become crucial.
Accordingly, an analysis was made of the heavy metals
which could be extracted from natural and synthetic
upholstery leathers by solution in water and sweat, with the

REFERENCES

aim of determining their negative effects on humans and the
environment.

Cadmium, lead, mercury and hexavalent chrome elements
were not detected in natural leathers. While nickel was
found at very low quantities in natural leathers, cobalt and
copper were determined in large quantities. It was observed
that the high chrome contents were due to the use of
chrome in the tanning process. There have as yet been no
clinical findings showing that the chrome present in leather
harm human health, and it is very difficult to achieve the limit
values set by Eko Text 100 and SG in natural leathers.
Heavy metal contents found in finished natural leathers
have been understood to be usually caused by chemical
substances, dyes and pigments used in leather production
processes. Besides, contamination during the production
process of the leather, and the feeding conditions and the
environment of animals when alive also affect the heavy
metal contents of natural leathers.

The results for heavy metals in artificial leathers are similar
to those for heavy metals in natural leathers. However, the
heavy metal contents determined in artificial leathers are
much lower than those in natural leathers. This is because
mineral tannins are not used in the production of artificial
leathers. Although cadmium, lead, mercury and hexavalent
chrome were not found in artificial leathers, and nickel
element was detected at very low levels, only chrome was
found in high quantities. The occurrence of these heavy
metals in artificial leathers may be caused by chemical
substances, dyes and pigments used in production process
and by contamination from various sources.

To conclude, it is expected that in the future the trend
towards a demand for ecological products will have a
greater effect on leather producers but that the suggested
limit values may be decreased further. Therefore, the
leather industry and especially natural leather processing
should be prepared for these new lower limit values.
Otherwise, the natural leather industry will be unable to
keep up with worldwide competition, and may be affected
adversely.

1. Zhang, M., Zhang, M. 2006, “ Assessing the Impact of Leather Industry to Water Quality in the Aocjing Watershed in Zhejiang province, China”,

Environmental Monitoring and Assessment, Vol:115, pp:321-333.

2. Aslan, A. And Gulumser, G., 2011, “Evaluation of Chrome-Tanned Leather Solid Wastes as Lubricating Filler Agents”, Tekstil ve Konfeksiyon, Vol:21,

pp:405-409.

3. Basaran, B, Iscan, M., Bitlisli, B.O., et al., 2006, “Heavy Metal Contents of Various Finished Leathers”, Journal of the Society of Leather Technologists and

Chemists, Vol. 90(6), pp: 229-234.

4. Bitlisli, B.O., Karavana, H.A., Basaran, B. and Aslan, A., 2005, “Importance of Using Genuine Leather in Shoe Production in Terms of Foot Comfort”,
Journal of the Society of Leather Technologists and Chemists , Vol: 89, pp: 107-110.

5. Aslan, A., 2009, “Determination of Heavy Metal Toxicity of Finished Leather Solid Waste”, Bulletin Of Environmental Contamination and Toxicology, Vol:82

pp: 633-638.

BLC, 2010, “Reach Update”, Leather International, Vol: September, pp:14-15.
Ozdogan, E., Korkmaz, A. Seventekin, N., 2007, “Eco-Tex and EU Eco Label”, Tekstil ve Konfeksiyon, Vol: 17, pp:149-152.

8. European Commission, 2004. “Official Journal of the European Communities”,

criteria_furniture _june2002.pdf (20 Kasim 2004).

9. ISO, 2014, “The International Union of Leather Technologists

http://europa.eu.int/comm/environment/ecolabel/pdf/furniture/draft_

and Chemists Societies”, http://www.iso.org/iso/iso_catalogue/catalogue_

tc/catalogue_tc_browse. htm?commid=552408&development=on (03 Ocak 2014).
10. 1SO, 2013, “ISO 105-E04:2013 Textiles -- Tests for Colour Fastness - Part E04: Colour Fastness to Perspiration”, International Organization for

Standardization, Switzerland.

36

TEKSTIL ve KONFEKSIYON 25(1), 2015



17
18

19.
20.
21.

22.
23.

. Aslan, A., 2013, “Improving the Dyeing Properties of Vegetable Tanned Leathers Using Chitosan Formate”, Ekoloji, Vol: 22, pp:26-35.
. BASF, 2010, “Pocket Book for the Leather Technologist”, http://visdombasfcrm.com/Ip/Blue%20book.pdf (04 Nisan 2010).
. Cantera, C.S., Greco, C.A. and Guisti, M., 1994, “Dechroming of Shavings.Part 1. Enzymic Alkaline Treatment. Study of Variables”, Das Leder, Vol: 11,

pp:265-270.

. Taylor M. M., Diendorf E. J. and Thompson C. J., 1997, “Extraction of Value Byproducts From the Treatment of Chromium Containing Collagenous Leather

Industry Waste”, Journal of the Society of Leather Technologists and Chemists, Vol:81, pp:5-13.

. Rajamaran, R., Poorneswari, S., Bangaruswamy, S., Rao, J.B. and Santappa, M., 1978, “Influence of Different Tanning Systems on the Characteristics of

Leather”, Leather Science, Vol: 25, pp:394—-399.

. Tatano, Fabio; Acerbi, Nadia; Monterubbiano, Chiara; et al., 2012, “Shoe Manufacturing Wastes: Characterisation of Properties and Recovery Options”,

Resources Conservation and Recycling”, Vol: 66, pp: 66-75.

SG, 2006, “The Test Mark for Low Pollutant Leather Products”, http://www.ecco.com/downloads/ECCO_SGilist.pdf (22 Kasim 2010).

Oeko-Tex Standard 100, 2010, “Limit Values and Fastness, Part 17, http://www.oekotex.com/xdesk/ximages/470/16132_grenzwerte.pdf (22 Kasim 2010).
Harmancioglu, M., Dikmelik, Y., 1993, “Inorganic Substances of Hide and Skin”, Raw Skin, Ozen Press, |zmir, Turkey, pp: 207-210.

John G., 1997, “Finishing”, Possible Defects In Leather Production. Druck Partner Riibelman GmbH, Germany, pp: 158-209.

Graf, D., 2001, “Formation of Cr (VI) Traces in Chrome Tanned Leather: Causes, Prevention and Latest Findings”, Journal of the American Leather
Chemists Association, 96, pp: 169-179.

Barroso J. M., 2014, “Regulations”, Official Journal of the European Union, 90, pp: 1-3.

Basaran, B., Isik, N.O., 2007, “Cr(VI) Formation in Double-Face Sheepskins: Effect of Chromium Level and Ironing Temperature”, Journal of the Society of
Leather Technologists and Chemists, Vol. 91(1), pp: 4-10.

TEKSTIL ve KONFEKSIYON 25(1), 2015 37




<<
  /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


