
Introduction
Iron deficiency is commonly diagnosed in athletes, partic-

ularly those involved in endurance sports  Iron deficiency may
amount to 10% in male athletes and even 20% in female ones
[1]. Short-term iron deficiency may not lead to anemia if hemo-
globin level does not drop below the normal values defined for
the gender and age groups [2].

Healthy individuals usually have iron reserves, acting as
a buffer against deficiency and utilised when the dietary con-
tent of iron is insufficient to meet the body demand for this ele-
ment. Deficiency is a status when the body runs out of iron or
the reserves are insufficient and the tissues that need iron
(blood, cerebral tissue and muscles) are still able to maintain
normal physiological functions [3].  

Iron metabolism is an exceptional process as it is con-
trolled by absorption and not by excretion. Males and the
females who do not menstruate lose approximately 1 mg of
iron daily through the loss of blood or dead cells. The women
who menstruate lose significantly more iron. Additionally,
there are multiple underlying mechanism acting during exer-
tion: hemolysis, hematuria, perspiration and bleeding within
the gastrointestinal system [2,4,5,6].

Iron absorption, which takes place mainly in the small
intestine, amounts to 5-15% in individuals with normal home-
ostasis [7]. Overdosing leads to absorption decrease and
deficiency – to its threefold to fivefold increase. The dietary
content of iron has a vast influence on iron metabolism, as
well as the products containing iron and the nutrients that may
additionally increase iron absorption. 
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Summary
Introduction. Iron deficiency can lead to loss of exercise potential. A proper diet plays a key role in iron supplementation. The

goal of the study was the assessment of selected anthropometric parameters as related to blood biochemical parameters reflect-
ing iron concentration.

Material and methods. The sample included National Taekwondo Team competitors (15 males and 15 females). Body mass
and body composition were determined based on anthropometric measurements. Iron levels were measured by iron, ferritin,
transferrine and transferrin receptor assay.  Using a calibrated FFQ questionnaire, information was obtained from the subjects on
their nutritional habits. 

Results. One male subject had his blood iron level elevated; in the remaining subjects, the biomarkers of iron levels were
normal. Among the females, 3 had normal iron level biomarkers, 8 were diagnosed with 1st degree iron deficiency and 4 – with
2nd degree iron deficiency.  The female subjects with decreased body mass had significantly higher blood content of ferritin and
significantly lower content of transferrin. No significant differences were found in consumption of products being the main source
of iron. The males were found to consume more high processed grain products and less coffee and tea then their female coun-
terparts. The females with disturbed iron metabolism were found to consume significantly less meat and smoked poultry, coffee
and tea than the females with normal iron levels. 

Conclusions. The results suggest the need of iron and nutritional status monitoring  in female athletes. Modification of nutri-
tional habits may significantly contribute to improvement of blood biochemical parameters. 
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Stores of iron in the body are measured by determining
serum ferritin levels provided no infection is present.
Otherwise, ferritin levels may increase even though the stores
of iron are low. Then, with frequent infections, it may be diffi-
cult to find the reason of high ferritin levels [5]. Additionally,
ferritin concentration is closely related to training load [8,9]. It
increases immediately following exertion and can mask iron
deficiency. Serum ferritin levels below 30 mg/l are indicative
of deficiency and the levels below 12 mg/l indicate running out
of iron reserves in the body [10,11].

Transferrin receptor concentration in blood serum also
reflects the intensity of erythropoiesis and body demand for
iron. Concentration of this receptor increases with progres-
sive anemia due to iron deficiency. Clinical studies indicate
that the results based on serum transferrin receptor content
are less affected by inflammatory conditions than the results
based on ferritin concentration [12]. Transferrin receptor is 
a stable indicator of iron status with high training load. Unlike
ferritin, it does not change due to physical load applied the
day before [11,12].

As a functional element of hemoglobin and myoglobin,
iron is a fundamental nutrient in oxygen transport to body tis-
sues. Moreover, it is found in the centres of active mitochon-
dria and cytochromes participating in energy production [13].
Iron deficiency was found to affect health [14,15,16] and well-
being [19] and to result in loss of body exercise potential
[17,18,19].

Despite the knowledge of the significance of iron, numer-
ous reports [20,21,22], indicate that in individuals performing
regular physical exercise, iron dietary content is frequently
insufficient and even marginal.  

The goal of the study was to assess the effect of selected
anthropometric parameters, nutrient consumption and slim-
ming on blood biochemical parameters indicating iron status
in National Team Taekwondo competitors. 

Material and methods
The study was carried out in Polish National Taekwondo

Senior team competitors in 2009, including 30 athletes partic-

ipating in the training organised by Polish Olympic Taek won -
do Association. The sample comprised 15 females and 15
males aged 17-26 years.

To evaluate the subjects’ nutritional status using anthro-
pometric methods, the following parameters were measured:
body mass [kg], body height [cm] and four skin-fat folds [cm].
Based on the obtained results, body nutritional status was
determined using body mass index (BMI) and body fat con-
tent using Durnin and Womersley’s method [23].

To evaluate iron metabolism, serum iron levels were de -
ter mined as well as the levels of ferritin, transferrin and trans-
ferrin receptor. Table 1 presents reference values of these
paramaters. 

The subjects were next divided into groups (A, B and C)
according to the degree of iron deficiency (Table 2). The clas-
sification of iron deficiency proposed by Peeling et al. [14] was
used: I – iron deficiency: decreased iron stores in bone marrow,
liver and spleen; II – disturbed erythropoiesis: limited erythro-
poiesis due to the decreased iron transport potential; III – ane-
mia with iron deficiency: decrease in hemoglobin production.

Evaluation of the nutritional habits in the studied sample
was made using a calibrated Food Frequency Questionnaire
(FFQ) [24]. The questions pertained to the frequency of con-
sumption of 165 products and meals and the amounts con-
sumed. The frequency of consumption was defined based on
habitual daily, weekly, monthly and yearly consumption. The
consumed amounts of food products were expressed in
grams and pieces. The sizes of food portions were deter-
mined according to the “Photo Album of Nutritional Products
and meals” [25]. 

The results were next subjected to statistic analysis using
StatSoft STATISTICA 9 program. The analysis was based on
Student-t test and one-factor variance analysis ANOVA) at the
level p<=0.05.

Results
Table 3 presents general characteristics of the studied

population and the mean values of iron biomarker status. Sta -
tistically significant between-gender differences were found in
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Tab. 1. Ranges of normal values for athletes according to the Warsaw Institute of Sport

Tab. 2. Classification of iron metabolism disorders



ferritin and transferrin levels. Mean ferritin concentration in
the females was below normal values (<30 µg/l). Analysis of
population distribution according to the degree of iron defi-
ciency revealed abnormal ferritin concentration in 12 females,
I degree iron deficiency in 8 females (Fr<30 µg/l, sTfR<8.3
µg/ml) and  II degree deficiency in 4 females (Fr<12 µg/l,
sTfR>8.3 µg/ml). Two female subjects with II degree defi-
ciency had also their blood iron levels decreased (<60 mg/dl).
Elevated iron levels (>170 mg/dl)  were noted in 2 female and
1 male subject. 3 female and 14 male subjects were found to
have normal parameters. 

Analysis of anthropometric parameters revealed a de creas -
ed body mass (BMI<19.9 kg/m2) in 5 females and 2 males
(Table 4). Increased body mass index (BMI>25 kg/m2) was
found in one male, although it did not indicate obesity, but well
developed muscle tissue (as indicated by the results of body
composition measurement). Significant differences in blood

biochemical parameters were noted between the females
with normal and decreased body mass. The latter had signifi -
cantly lower ferritin levels and significantly higher transferrin
levels. The subjects who reported slimming that lasted more
than two weeks during the year preceding the study were
characterised by lower body mass and fat content than other
subjects. The differences, however, were statistically insignif-
icant (Table 5). As for the males, the between-group differ-
ence in body mass was statistically significant. Among the
markers of iron status, a higher level of transferrin receptor
was noted in the women being on slimming diet as compared
to the remaining female subjects. Again, the difference was
statistically insignificant and the values did not exceed the
accepted norms. The males who were not slimming had high-
er transferrin levels than their slimming counterparts, howev-
er the values were normal and the difference statistically
insignificant (Table 5). 
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Tab. 4. BMI values and the level of iron status markers and body content of adipose tissue1

Tab. 3. Basic anthropometric and biochemical parameters in the studied male and female population1



Table 6 presents the comparison of average consumption
of nutritional products, rich in iron and containing nutrients
positively affecting iron absorption from food, as related to

iron body status. The females were found to consume signif-
icantly more coffee and tea. They also reported higher con-
sumption of offal, red meat and juices rich in vitamin C, whole-
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Tab. 5. The mean value of antropometric and biochemical parameters of iron consumption and the intended body mass reduction 

Tab. 6. Consumption of food products depending on the degree of iron deficiency1



meal products, pulses or dairy products, the differences how-
ever, were insignificant. The males were found to consume
significantly more highly processed grains as compared to the
females. They also reported higher consumption of smoked
meat and sausages, poultry, vegetables and fruit rich in vita-
min C, potatoes and potato meals, but again, the differences
were insignificant. 

The females with 2nd degree iron deficiency (C) were found
to consume significantly smaller amounts of poultry including
smoked products, tea and coffee than the females having nor-
mal blood parameters (A). The lower consumption of vegeta-
bles and fruit rich in vitamin C and dairy products turned out
insignificant. The consumption of red meat, smoked meat, high-
ly processed grains and potatoes was the highest in the sub-
jects with 2nd degree iron deficiency (C) and the lowest in the
subjects with normal blood parameters (A) (Table 6). 

Discussion
The study results were similar to the results of other stud-

ies [11,24] reporting that iron deficiency among athletes con-
cerns mainly women. Low values of ferritin concentration,
below the norms in 8 studied femeles indicate limited iron
reserves. Ferritin concentration below the critical limit in 4 fe -
males indicates limited iron reserves and additionally, elevat-
ed level of transferrin receptor with disordered erythropoiesis,
leading to anemia. Abnormal iron balance was connected
with the reduced body mass in 33% of the female subjects.
Taekwondo is a combat sport with weight categories and it
was probably the reason of body mass reduction in 60% of
the studied sample (10 females and 8 males) during the year
preceding the study. 

Such behaviours were probably due to the competitors’
desire to gain prevalence over their opponents in terms of
strength and body height, which proves favourable with the
system of higher scores obtained from blows in the head and
electronic sensors of blow strength. This phenomenon proba-
bly affected mean body mass of the competitors. Body fat
content was high even in the subjects with body mass deficits,
particularly among the females. This may indicate inadequate
methods of body mass reduction, adversely affecting muscle
tissue. The diet was probably inadequately balanced and con-
tained inadequate proportions of food products. Numerous
papers [27,28,29] report that the methods of body mass
reduction used by athletes, particularly these involved in com-
bat sports, are rarely controlled by nutritionists and often con-
sist in fasting and body dehydration.  

Energy deficits, limited food consumption and inadequa -
tely balanced diets result in nutrient deficiency. The studied
females with normal body mass (BMI=20÷24.9 kg/m2) were
found to have higher iron status parameters (significantly
higher ferritin levels and significantly lower transferrin levels)
as compared to those with lower body mass (BMI≤19.9
kg/m2). The mean value of transferrin receptor was higher in
the females with reduced body mass than the range of normal
values, indicating disordered erythropoiesis. The females

who were not on slimming diets had noticeably lower trans-
ferring levels than their slimming counterparts, which may
indicate increased demand for iron and inadequate supply. 

Iron is present in food products in two forms: hem iron (in
animal products) and non-hem iron (in vegetables and dairy
products). Hem iron is more easily absorbed and its absorp-
tion is not disturbed by other nutrient components or body
nutritional status. Non-hem iron acts with dietary elements
[10]. The main sources of iron in the diet of the study subjects
were grains, next smoked meat and red meat. Thus, it was
partly non-hem iron. Bio-availability of non-hem iron increas-
es depending on the content of such nutrients and foods as:
ascorbate, meat, seafood, organic acids (citric, lactic, malic
and tartaric). The inhibitors present in diet decrease iron
absorption. These include: phytates present in grain products,
phenol iron binding tea, coffee, red wine, some vegatable,
herb, nut and pulse  components, as well as calcium, fibre
and soy proteins [6,30] and the medicines increasing pH level
in the alimentary tract (e.g. antacids, H2 histamine receptor
blockers, proton-pump inhibitors) [31,32]. Iron absorption in
the studied female competitors might have been impaired by
lower, compared to that of the males, consumption of grain
products, pulses, dairy and significantly lower consumption of
tea and coffee. Higher consumption of vegetables and fruit
rich in vitamin C and poultry as well as significantly higher
consumption of highly processed grains also might have con-
tributed to higher absorption of the consumed iron.  

The females with normal iron metabilism (A) consumed
significantly higher amounts of poultry including smoked prod-
ucts than in the females with 2nd degree iron deficiency (C).
Protein contained in these products might have had a positive
influence on non-hem iron absorption. This group also report-
ed significantly higher consumption of coffee and tea. 

There is confirmed evidence that tea inhibits non-hem
iron absorption. On the other hand, studies on populations
reveal different correlations between tea consumption and
iron status. The potential absorption inhibition of tea probably
reduces poor iron balance during periods of increased de -
mand or inadequate supply of iron [9]. Although there is no
evidence, it is believed that the negative effect of tea con-
sumption on iron status is connected with drinking tea with
meals. Moderate tea consumption at different times of the day
does not seem to have an adverse effect on iron status.
Moreover, the inhibitory effect of tea on iron absorption may
be partly overcome by simultaneous consumption of animal
tissues and vitamin C [9].

Conclusions
Normal parameters  of nutritional status were found only

in 3 females; 8 females were diagnosed with 1st degree iron
deficiency and 4 females were diagnosed with 2nd degree iron
deficiency. 

Among the studied males, only one subject was found to
have elevated blood iron level; the remaining 14 subjects had
normal iron parameters. 
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In the group of females with normal iron metabolism, poul-
try consumption as well as tea and coffee consumption was
higher than in the females with iron metabolism disorders. 

Statistically significant differences in blood biochemical
parameters were found between the females with normal and
reduced body mass. Those with reduced body mass had sig-
nificantly lower ferritin levels and significantly higher  trans-

ferrin levels. The mean level of transferrin receptor was high-
er than normal values. 

The study results indicate that iron metabolism and diet of
the female athletes have to be monitored. Modification of
nutritional habits may significantly improve blood biochemical
parameters and contribute to optimal physical fitness and ath-
letic performance. 

Kalinowska K. et al., Iron metabolism with reference to antropometric parameters and food-stuffs consumption

90

References
1. Schumacher YO, Schmid A, König D, Berg A. Effects of exercise on soluble transferrin receptor and other variables of the iron status. Br J Sports Med 2002;

36:195-200.
2. WHO, UNICEF, UNU. Iron deficiency anemia: assessment, prevention, and control. A guide for programme managers. Geneva, World Health Organization,

WHO/NHD/01.03. 2001.
3. Assessing the iron status of populations. Assessment of Iron Status at the Population Level Report of a Joint WHO/CDC Technical Consultation. Geneva,

Switzerland 2004; 30.
4. Babic Z, Papa B, Sikirika-Bosnjakovic M Prkacin I, Misigoj-Duraković M, Katicić M. Occult gastrointestinal bleeding in rugby players. J Sports Med Phys

Fitness 2001; 41: 399-402.
5. DeRuisseau KC, Cheuvront SN, Haymes EM, Sharp RG. Sweat iron and zinc losses during prolonged exercise. Int J Sport Nutr Exerc Metab 2002; 12: 428-437.
6. McInnis MD, Newhouse IJ, von Duvillard SP, Thayer R. The effect of exercise intensity on hematuria in healthy male runners. Eur J Appl Physiol Occup

Physiol 1998; 79: 99-105.
7. Nelson M, Poulter J. Impact of tea drinking on iron status in the UK: a review J Hum Nutr Dietet 2004; 17: 43-54.
8. Malczewska J, Błach W, Stupnicki R. The effects of physical exercise on the concentrations of ferritin and transferrin receptor in plasma of female judoists.

Int J Sports Med 2000; 21 (3): 175-179.
9. Malczewska J, Stupnicki R, Błach W, Turek-Lepa E. The Effects of Physical Exercise on the Concentrations of Ferritin and Transferrin Receptor in Plasma

of Male Judoists. Int J Sports Med 2004; 25 (7): 516-521.
10. Remes K. Need for iron in physical exercise [In Finnish]. Suomen LilkAril 1985; 40: 2885-2888.
11. Peeling P, Blee T, Goodman C et al. Effect of iron injections on aerobic exercise performance of iron depleted female athletes. Int J Sport Nutr Ex Metab

2007; 17: 221-231.
12. Beguin Y. Soluble transferrin receptor for the evaluation of erythropoiesis and iron status. Clinica Chimica Acta 2003; 329: 9-22.
13. Williams MH. Dietary supplements and sports performance: minerals. J Int Soc Sports Nutr 2005; 2: 43-49.
14. Halterman JS, Kaczorowski JM, Aligne CA, Auinger P, Szilagyi PG. Iron deficiency and cognitive achievement among school-aged children and adolescents

in the United States. Pediatrics 2001; 107: 1381-1386.
15. Algarin C, Peirano P, Garrido M, Pizarro F, Lozoff B. Iron deficiency anemia in infancy: long-lasting effects on auditory and visual system functioning. Pediatr

Res 2003; 53: 217-223.
16. Verdon F, Burnand B, Stubi CL et al. Iron supplementation for unexplained fatigue in non-anaemic women: double blind randomised placebo controlled trial.

BMJ 2003; 326: 1124.
17. Schumacher YO, Schmid A, Grathwohl D, Bültermann D, Berg A. Hematological indices and iron status in athletes of various sports and performances. Med

Sci Sports Exerc 2002; 34: 869-875.
18. Wilkinson J, Martin DT, Adams AA, Liebman M. Iron status in cyclists during high-intensity interval training and recovery. Int J Sports Med 2002; 23: 544-548.
19. Haas JD, Brownlie T IV. Iron deficiency and reduced work capacity: a critical review of the research to determine a causal relationship. J Nutr 2001; 131

(suppl. 2): 676-690.
20. Weaver CM, Rajaram S. Exercise and iron status. J Nutr 1992; 122: 782-787. 
21. Cook JD. The effect of endurance training on iron metabolism. Semin Hematol 1994; 31: 146-154. 
22. Dyktyńska A, Bucior J, Ziółko E, Jastrzębska-Okoń K, Tomczyk A. Specyfika żywienia kolarzy szosowych w okresie treningów, zawodów i odnowy. [In Polish]

Ann Acad Med Siles 2007; 61 (2): 119-126.
23. Durnin J, Womersley J. Body fat assessed from total body density and its estimation from skinfold thickness: measurements on 481 men and women aged

from 16 to 72 years. Br J Nutrition 1974; 32: 77-97.
24. Wądołowska L. Walidacja kwestionariusza częstotliwości spożycia żywności – FFQ. Ocena powtarzalności. [In Polish] Bromat Chem Toksykol 2005; 38 (1): 27-33.
25. Szponar L, Wolnicka. K, Rychlik E. Album fotografii produktów i potraw. [In Polish] Instytut Żywności i Żywienia. Warszawa 2000.
26. Antosiewicz J, Wnorowski K, Skrobecki J, Kabata J. Zmiany w metabolizmie żelaza u siatkarek Kadry Narodowej Polski. [In Polish] Medycyna Sportowa

2004; 20 (4): 205-211. 
27. Sterkowicz S. Proces redukcji masy ciała (RMC) a płeć i poziom sportowy osób uprawiających sporty walki. [In Polish] Medicina Sportiva Practica 2006; 

7 (4): 58-61. 
28. Słowińska-Lisowska M, Witkowski K, Chodakowska A, Mędraś M. Regulacja masy ciała u judoczek i judoków polskiej kadry narodowej. [In Polish] Medicina

Sportiva Practica 2007; 8 (1): 14-18.
29. Szyguła Z. Nieprawidłowe praktyki żywieniowe i odwodnienie u sportowców [In Polish] Medicina Sportiva Practica 2006; 7 (3): 35-40.
30. Hallberg L, Hulthen L. Prediction of dietary iron absorption: an algorithm for calculating absorption and bioavailability of dietary iron. Am J Clin Nutr 2000;

71: 1147-1160.
31. Sharma VR, Brannon MA, Carloss EA. Effect of omeprazole on oral iron replacement in patients with iron deficiency anemia. South Med J 2004; 97: 887-889.
32. Shersten K, Bennett JM, Chambers MD. Iron Deficiency Anemia. Am Fam Physician 2007; 75: 671-678.

Address for correspondence: 
Katarzyna Kalinowska
Department of Human Nutrition, The Faculty of Food Sciences, University of Warmia and Mazury
Słoneczna 44A, 10-718 Olsztyn, Poland
phone: +48 606-305-623, e-mail: katarzyna.kalinowska@uwm.edu.pl

Received: 12.02.2010 
Accepted: 11.05.2010



<<
  /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


