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Abstract A brief study on dissolved radionuclides in

aquatic environment, especially in ground water, consti-

tutes the key aspect for assessment and control of natural

exposure. In the present study the distribution of natural

uranium and 226Ra concentration were measured in ground

water samples collected within a 10 km radius around the

Narwapahar uranium mine in the Singhbhum thrust belt of

Jharkhand, India in 2007–2008. The natural uranium con-

tent in the ground water samples in this region was found to

vary from 0.1 to 3.75 lg L-1 with an average of 0.87 ±

0.73 lg L-1 and 226Ra concentration was found to vary

from 5.2 to 38.1 mBq L-1 with an average of 13.73 ±

7.34 mBq L-1. The mean annual ingestion dose due to

intake of natural uranium and 226Ra through drinking water

pathway to male and female adults population was esti-

mated to be 6.55 and 4.78 lSv y-1, respectively, which

constitutes merely a small fraction of the reference dose

level of 100 lSv y-1 as recommended by WHO.
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Introduction

Man has always been exposed to ionising radiation both

internally and externally of terrestrial and cosmogenic

origin. The quantity of radiation received from natural

sources, varies from place to place depending upon the

radioactivity content in water, rock, soil, food, building

material and air. Uranium is ubiquitous in nature and its

level is highest in uranium ore. Because of natural miner-

alization and for various mining activities, elevated level of

uranium and its decay products may be expected in various

matrices like water, food, soil, rocks and air in the vicinity

of the uranium mine. Hence, assessment of radioactivity

around a uranium mine in different matrices draws a spe-

cial attention in order to quantify the extent of exposure to

the members of the public through various routes and to

find out the contamination if any due to the mining.

Exposure to natural occurring radionuclides can take place

through water, food and to certain extent from inhalation of

air. According to an estimate drinking water contributes

85% of ingested uranium while food contributes 15% [1].

Uranium has three isotopes present in nature with their

isotopic composition, proportions by mass are 99.275% for
238U, 0.72% for 235U and 0.005% for 234U and radioactivity

ratios are 0.046 for 235U/238U and 0.05 for 235U/234U. Thus,

the radioactivity of 235U in water is theoretically a more

negligible level than that of 238U. The health effects of

uranium can be divided into carcinogenic and non-carcin-

ogenic effects [2] and these classifications are based on the

radiological risk by radiation of uranium isotopes and

the chemical risk as a heavy metal. For ingested uranium,

the main target organ of toxicity is the kidney [3, 4]. An

exposure of about 0.1 mg kg-1 of body weight of soluble

natural uranium results in transient chemical damages to

kidney has been reported [5]. Furthermore, 238U series
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radionuclides are the major contributors to the radiation

dose caused by natural radionuclides ingested with water

[6] and 226Ra is an important radionuclide of this series

which contributes significant fraction of dose through

intake of water. 226Ra is an alpha emitter, having half-life

1622 years, possess only one oxidation state in natural

environment i.e., Ra(II), behaves in similar respects, like

other alkaline earth metals. Approximately, 20% of the

ingested radium is absorbed, is taken into the blood stream

and accumulates mainly in the bone [7]. Studies have

shown that internal deposition of 226Ra results in the

induction of skeletal tumours and paranasal sinus carci-

nomas (cancer of the sinus cavities) [8, 9]. Due to various

health impacts of uranium and radium, there have been

increased concerns for radiological quality of ground water

principally used for drinking purposes around a uranium

mine, in order to assess the probability of radiological

hazards due to its intake and to find ground water con-

tamination if any due to the mining activities. The present

study attempts to understand the occurrence and distribu-

tion of natural uranium and 226Ra in ground water, espe-

cially around a uranium mine at Nawapahar of Singhbhum

thrust belt Jharkhand, India and to estimate ingestion dose

to the member of the public of different age groups due to

intake of these radionuclides through water.

Experimental

Site description

Nawapahar uranium mine (22�410N and 86�160E) is situ-

ated in central region of Singhbhum thrust belt of

Jharkhand, India. This is a modern trackless mine in the

country with decline to access to the underground and ramp

access to the stopes. This mine is about 15 km away from

south of Tatanagar and 12 km west of Jaduguda uranium

mine. The average ore grade of Narwpahar uranium mine

is 0.042% U3O8 (or 0.036% U). Twelve locations were

selected for estimation of natural uranium and 226Ra con-

tent in ground water samples within a 10 km radius around

the mine. The environmental map of the area investigated

in present study, indicating the sampling locations, is

demonstrated in the Fig. 1.

Measurement technique

For estimation of uranium and 226Ra concentration in

ground water principally used for drinking purposes, tube

well/boreholes samples were periodically collected, within

a 10 km radius from the surrounding villages of the mine.

Samples were collected after at least 5–10 min of pumping

to evacuate more than 3–5 times of tube well/boreholes

storage volume. Ten litres of water samples were collected

in a previously conditioned polythene container by nitric

acid, from the selected location around the mine. The water

samples were acidified immediately with nitric acid and

subsequently, uranium and 226Ra analyses were carried out

in Environmental Survey Laboratory of Environmental

Assessment Division, Bhabha Atomic Research Centre, set

up at Narwapahar mining site. For estimation of uranium

(U) in the environmental samples, whether water or soil,

chemically separated U is firstly fused with the fusion

mixture comprising of NaF and Na2CO3 in the furnace at

about 700 �C and then subjected to ultraviolet radiation in

the fluorimeter. A standard solution of U is also processed

similarly. As the intensity of the fluorescence is directly

proportional to U content of the sample, the comparison

yields the U content of that to be analysed. The 3650 Å

excitation and 5546 Å fluorescence wavelength are unique

to uranium [10].

Further, the adequate stirring has the potential to liberate

waterborne 222Rn completely from the water sample, which

constitutes the working principle of 222Rn and 226Ra esti-

mation using the emanometric technique [11]. For 226Ra

estimation by emanometry, water sample is acidified with

concentrated HNO3 and 2 L of it is evaporated to about

70 mL and stored in the 222Rn bubbler. The solution in the

bubbler is aerated to remove any 222Rn present. The bub-

bler is then closed and allowed to stand for a known period

usually 7–10 days for adequate build-up of 222Rn. An

evacuated scintillation cell having ZnS (Ag) as detector is

coupled airtight to the top of the bubbler through a

swagelock connector. The stopcocks of bubbler are opened

and air is sucked into the cell. A sintered glass disc

(porosity: 20–30 lm) in the bottom of the bubbler breaks

up the air stream into tinny bubbles which give rise to

mechanical agitation for liberating 222Rn from all along the

water column. The collected 222Rn sample in scintillation

cell is delayed for 3 h to attain equilibrium between 222Rn

and its daughters and consequently, it is counted for

a-activity to compute dissolved 222Rn and hence the 226Ra

content is then quantified. The efficiency of the system is

75% and allowing for maximum build-up period, the

minimum measurable activity levels for 226Ra are 4.0 and

0.8 mBq L-1 for 10 min and for [100 min counting

periods, respectively.

Quality assurance and quality control

The quality of the data is assured by analyzing IAEA

matrix reference materials. The precision of the analyses is

within ±8% of the certified values, which is given in

Table 1. The reliability of the method is further assured by

cross-method checks, spike recovery and replicate analysis.

All laboratory glassware used for sample processing was
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soaked in 10% nitric acid for 15 days and then rinsed

thoroughly with distilled and double distilled water,

respectively before use. Reagent blank was taken along

with each batch of sample preparation and concentrations

observed in the reagent blank were subtracted from the

same batch of samples.

Results and discussions

Uranium and 226Ra concentration

Table 2 presents statistical data analyses results of total

uranium and 226Ra concentrations in ground water samples

around the mine. The natural uranium concentration in the

ground water samples was found to vary from 0.1 to

3.7 lg L-1 with mean of 0.87 ± 0.73 lg L-1. Various

health and environmental protection agencies have rec-

ommended the safe limit of uranium in drinking water for

human being. WHO [12] has recommended 15 lg L-1 in

water as safe limit where as USEPA [13] has recommended

30 lg L-1 of uranium in water as the safe limit for

drinking water. Further, UNSCEAR [6] and ICRP [14]

have recommended the safe limits of uranium in drinking

water as 9 and 1.9 lg L-1, respectively. All the measure-

ments were found to be well below the recommended

limits as per WHO [12], USEPA [13] and UNSCEAR [6].

However, only in 92% water samples, uranium content is

Fig. 1 Map showing the study

location around the surrounding

villages of the Narwapahar

uranium mine

Table 1 Mean concentrations (ranges) of U and 226Ra obtained for IAEA reference materials

Reference material Radionuclide Unit Concentration Certified value

Observed value (n = 7)

IAEA RGU-1 U mg kg-1 399 (392–405) 400 (398–402)

IAEA-326 soil 226Ra Bq kg-1 32.8 (30.5–33.8) 32.6 (31–34.2)

Assessment of natural uranium and 226Ra concentration 713
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well below the recommended limit as per ICRP [14] and

about 8% water samples having uranium content was found

to be higher than 1.9 lg L-1. Further, from the results, it

may be assumed that there is no movement of radionuclides

from the mining site to the ground water in the vicinity and

whatever variation in uranium concentration in ground

water samples is observed, may be thought of due to the local

geological formation of soil and the rocks. The frequency

distribution of natural uranium concentration in ground

water samples has been studied and is presented Fig. 2. The

distribution of the data shows that about 43% of samples

contain uranium \1 lg L-1 and 36% sample contain

\1.5 lg L-1. However, only 4% sample contain uranium

[3 lg L-1. The first quartile, median and 3rd quartile of the

data was found to be 0.38, 0.63 and 1.08 lg L-1, respec-

tively. Uranium content in ground water samples collected

around the Narwpahar uranium mine was comparable with

the other parts of India and worldwide values as shown in

Table 5, except a few high values such as 0.37–75.3 lg L-1

in France, 0.04–12146 lg L-1 in Finland, 0.03–48.6 in

Germany and 0.008–56.63 lg L-1 in China (Table 3).

Further, the 226Ra concentration in ground water samples

was found to vary from 5.2 to 38.10 mBq L-1 with mean of

13.73 ± 7.34 mBq L-1, which is well below the national

and international recommended limits. According to the

WHO [15] guidelines for drinking water quality, 226Ra

concentrations should not exceed 1000 mBq L-1 based on

daily consumption of 2 L of water and the United States’

Environmental Protection Agency has also been proposed

the limit of 500 mBq L-1 for 226Ra in drinking water [16].

Thus, all investigated ground water samples are found to be

acceptable for consumption. Frequency distribution of 226Ra

in ground water samples shows (Fig. 3) that about 65% of

water samples contain 226Ra of 10–21 mBq L-1 and about

12% samples contain 21–38 mBq L-1. However, only 22%

of sample contain 226Ra \ 10 mBq L-1. The first quartile,

median and 3rd quartile of the data was found to be 8.80,

11.50 and 17.20 mBq L-1, respectively. 226Ra content

in ground water samples collected around the Narwpa-

har uranium mine was found to be comparable with

other worldwide reported values (Table 5), except a few

high values such as 7–700 mBq L-1 in France, 0.4–

600 mBq L-1 in Germany and 10–49000 mBq L-1 in

Finland. From this study it is observed that the levels of

uranium and 226Ra content in ground water samples are well

within the respective derived water concentration (DWC)

limits [17].

Assessment of ingestion dose

Ingestion dose due to intake of uranium and 226Ra through

the drinking water pathway for different age groups was

calculated using ICRP dose coefficients [18] and prescribed

water intake rates for different age groups.1 The annual

ingestion dose was calculated by the following relation:

D Sv y�1
� �

¼ 365� DWI � DCF � C ð1Þ

where, D is the ingestion dose (Sv y-1), C is the mean con-

centration of a particular radionuclide in the water (Bq L-1),

DWI is the daily water intake for a specific age group

(L day-1) and DCF is the dose conversion factor for a par-

ticular radionuclide and for a specific age group (Sv Bq-1).

The water intake rates taken for the infants of 0–6 months

and 7–12 months are 0.7 and 0.8 L day-1, respectively,

whereas those for the age groups of 1–3, 4–8, 9–13, 14–

18 year and adults are 1.3, 1.7, 2.4, 3.3 and 3.7 L day-1,

respectively. The water intake rates for female in the age

group 9–13, 14–18 year and adults are 2.1, 2.3 and

Table 2 Statistical analyses results of U (nat.) and 226Ra concen-

tration in ground water samples around Narwapahar mine

Uranium

concentration

(lg L-1)

226Ra

concentration

(mBq L-1)

No of data 103 99

Mean 0.87 13.73

Std.dev. 0.73 7.34

Median 0.63 11.50

Range 0.10–3.75 5.2–38.10

Geometric mean 0.65 12.24

Geometric SD 2.4 1.59

25th percentile 0.38 8.80

75th percentile 1.08 17.20
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Fig. 2 Frequency distribution of natural uranium concentration in

ground water samples

1 Dietary reference intakes for water, Food and Nutrition Board,

Institute of Medicine, National Academies Press, Washington, DC,

USA (www.npa.edu)
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2.7 L day-1, respectively. In the present study, individual

concentration of 235U, 234U and 238U was estimated by

multiplying the mean concentration of uranium with their

individual specific activity and relative abundance in nature,

respectively (Table 4). Consequently, ingestion dose was

estimated based on individual isotopic concentration by

employing Eq. 1 and total dose due to natural uranium

through intake of water to the respective age group was

estimated by adding the doses calculated from individual

isotopes. Similarly, the ingestion dose due to intake of 226Ra

also estimated by employing Eq. 1 and using other

respective parameters like water intake rates for different

age groups, 226Ra concentration in water and dose conver-

sion coefficient of 226Ra for different age groups. The annual

ingestion dose due to intake of uranium and 226Ra through

drinking water pathway to various age groups of male and

female is reported in Table 5. It is evident from the results

that a maximum ingestion dose of 2.22 lSv y-1 due to

intake of natural uranium through water was observed to the

infant (7–12 months) and a minimum dose of 0.99 lSv y-1

was observed to adult female. This is due to the fact that

about 10 times the higher dose coefficient for infants

(7–12 months) has been observed as compared with adult

female, though the water intake is less for infants. Ingestion

dose due to intake of uranium to infants (0–6 months) is

about 14% less as compared to infants (7–12 months) which

can be attributed to the higher intake rate of water for infants

(7–12 months). Further, the ingestion dose to the children

(1–3 and 4–8 year), female (9–13 and 14–18 year) and male

(9–13 year and adults) was found to be comparable. Again

for the age group 14–18 year male, the ingestion dose due to

intake of uranium is slightly higher than the age group

9–13 year male, this is due to higher water intake, though

the dose coefficients are comparable.

Ingestion dose due to intake of 226Ra through drinking

water path way was estimated for different age groups.

A maximum dose of 24.81 lSv y-1 was found to be

observed to the age group 14–18 year male and minimum

dose of 3.79 lSv y-1 was observed to adult female. Simi-

larly the ingestion dose due to intake of 226Ra to the infants

(0–6 and 7–12 months) and female in the age group

14–18 year was found to be comparable. In general, the

higher values of ingestion dose due to intake of 226Ra were

observed in infants and teens.

The total mean ingestion dose due to intake of natural

uranium and 226Ra through drinking water to adult male

Table 3 Comparison of natural uranium and 226Ra concentration of the present study with other parts of India and worldwide values in drinking

water samples

S. no Location Uranium concentration (lg L-1) 226Ra concentration (mBq L-1) References

1 Narwapahar, India 0.10–3.75 (AM = 0.87) 5.2–38.1 (AM = 13.73) Present study

2 United States 0.02–6.23 0.4–1.18 UNSCEAR [6]

3 France 0.037–75.3 7–700 UNSCEAR [6]

Germany 0.03–48.6 0.4–600 UNSCEAR [6]

4 Finland 0.04–12146 10–49000 UNSCEAR [6]

5 Romania, 0.03–3.00 0.7–21 UNSCEAR [6]

6 China, Asia 0.008–56.63 0.2–120 UNSCEAR [6]

7 Poland 7.3 1.7–4.5 UNSCEAR [6]

8 Italy 0.02–9.66 (AM = 1.96) 0.5–60.8 (AM = 8.85) Jia et al. [19].

9 Haryana, Himachal Pradesh and Punjab, India 1.08–20.19 – Singh et al. [20].

10 Fujian province, China 0.03–13.4 (GM = 0.54) 1.2–941 (GM = 12.7) Zhuo et al. [21].

11 Argentina 0.04–11.0 (GM = 1.3) GM = 4.4 Bomben et al. [22]
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Fig. 3 Frequency distribution of 226Ra concentration in ground water

samples

Table 4 Natural uranium isotopic abundance and individual specific

activity

Isotopes of

natural U

Half life (y) Specific activity

(Individual)(Bq/mg)

Mass

abundance (%)

238U 4.47 9 109 12.45 99.27
235U 7.04 9 108 80.09 0.72
234U 2.44 9 105 232.1 9 103 0.005
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and female was found to be 6.55 and 4.78 lSv y-1,

respectively, which is well below the recommended dose

limits of 100 lSv y-1 as per WHO [12]. Similarly, for

other age groups the mean ingestion dose due to intake of

natural uranium and 226Ra through drinking water were

found to be well below the WHO prescribed reference dose

level. The mean annual ingestion dose to the members of

the public in study region for all the groups was found to be

12.8 lSv y-1, which is less than 5% of the global average

ingestion dose [6].

Conclusions

The preliminary investigation reveals that, the natural

uranium concentration in the groundwater samples col-

lected from the surrounding environment of the Narwapa-

har mine was found to vary from 0.1 to 3.75 lg L-1 with

mean of 0.87 ± 0.73 lg L-1 and 226Ra concentration was

found to vary from 5.2 to 38.1 mBq L-1 with mean

13.73 ± 7.34 mBq L-1. The levels of uranium and 226Ra

in ground water samples around the uranium mine are

found to well below national and international regulatory

limits. The total mean annual ingestion dose due to natural

uranium and 226Ra through drinking water pathway to male

and female adults population residing around the mine was

estimated to be 6.55 and 4.78 lSv y-1, respectively which

constitutes merely a small fraction of the reference dose

level of 100 lSv y-1 as recommended by WHO. In general

Ingestion dose due to intake of natural uranium and 226Ra

through water was found to be marginally higher for

infants and teens as compared to children and adults. From

the radiological risk point of view, the ground water

samples collected from the surrounding environment of the

mine are very safe and can be used for drinking purpose.

Acknowledgments The authors are thankful to Shri H.S Kushwaha,

Director, Health, Safety & Environment Group, BARC, for his keen

interest and constant encouragement. The authors express their sin-

cere thanks to Shri R. Gupta, C&MD, UCIL, for extending the

infrastructural facilities and support to carry out the work. Authors are

thankful to Shri B. L Dandapat and Shri R. K. Mishra for their

assistance during the course of the study. Cooperation received from

other colleagues is fully acknowledged.

References

1. Cothern CR, Lappenbusch WL (1983) Health Phys 45:89

2. WHO (1998) Guidelines for drinking water quality, addendum to

vol 2. World Health Organization, Geneva, Switzerland

3. Kurttio P, Auvinen A, Salonen L, Saha H, Pekkanen J, Make-

lainen I, Vaisanen SB, Penttila IM, Komulainen H (2002) Envi-

ron Health Perspect 110:337

4. Zamora ML, Tracy BL, Zielinski JM, Meyerhof DP, Moss MA

(1998) Toxicol Sci 43:68

5. Lussenhop AJ, Gallimore JC, Sweet WH, Struxness EG, Robin-

son J (1958) Am J Roentgenol 79:83

6. UNSCEAR (2000) Sources and effects of ionizing radiation.

United Nations scientific committee on the effects of atomic

radiation, New York, United Nation

7. International Commission on Radiological Protection (1993)

Age-dependent doses to members of the public from intake of

radionuclides: part 2 ingestion dose coefficients. ICRP Publica-

tion 67, Annals of the ICRP 23(3/4), Pergamon Press, Oxford

8. Keane AT, Mays CW (1987) Radiat Prot Dosim 21:197

9. BEIR (1988) Health risks of radon and other internally deposited

alpha-emitters (BEIR IV). National Research Council, National

Academy Press, Washington, D.C

10. Kushwaha HS, Puranik VD, Tripathi RM (2007) Role of ana-

lytical chemistry in environment and health. In: Proceeding of

DAE-BRNS topical symposium on role of analytical chemistry in

nuclear technology, p 68

11. Raghavayya M, Iyangar MAR, Markose PM (1980) Estimation of
226Ra by emanometry. Bull Rad Protect 3(4):11

12. WHO (2004) Guidelines for drinking-water quality, 3rd edn.

World Health Organization, Geneva, Switzerland

13. USEPA (2003) United States environmental protection agency,

current drinking water standards. Ground Water and Drinking

Water Protection Agency, pp 1–12

Table 5 Age dependent mean ingestion dose to the different age groups due to intake U (nat.) and 226Ra through intake of water

Different life

stage

Age group Mean ingestion dose

due to U(nat.) (lSv y-1)

Mean ingestion dose

due to 226Ra (lSv y-1)

Total mean ingestion

dose (lSv y-1)

Infant 0–6 months 1.94 ± 1.62 16.49 ± 8.81 18.43

7–12 months 2.22 ± 1.85 18.84 ± 10.07 21.06

Children 1–3 years 1.27 ± 1.06 6.32 ± 3.38 7.59

4–8 years 1.12 ± 0.93 5.28 ± 2.82 6.4

Male 9–13 years 1.33 ± 1.11 9.74 ± 5.21 11.08

14–18 years 1.82 ± 1.51 24.81 ± 13.26 26.63

Adult ([18 years) 1.36 ± 1.13 5.19 ± 2.78 6.55

Female 9–13 years 1.17 ± 0.97 8.52 ± 4.56 9.69

14–18 years 1.27 ± 1.05 17.29 ± 9.24 18.56

Adult ([18 years) 0.99 ± 0.82 3.79 ± 2.03 4.78

716 B. K. Rana et al.

123



14. International Commission on Radiological Protection (1979)

Limits for intake of radionuclides by workers. ICRP Publication

30, Pergamon Press, Oxford

15. WHO (1993) Radiological aspects, guidelines for drinking water

quality. World Health Organization, Geneva, pp 114–121

16. EPA (1991) National primary drinking water regulations for ra-

dionuclides, proposed rules, vol 56. US Environmental Protection

Agency, Federal Register, pp 33050–33127

17. Raghavayya M (1999) Secondary limits of exposure in facilities

handling uranium. BARC/1999/E/020

18. International Commission on Radiological Protection (1996)

Age-dependent doses to members of the public from intake of

radionuclides: part 5. Compilation of ingestion and inhalation

dose coefficient, Annals of the ICRP 26(1). ICRP Publication 72,

Pergamon Press, Oxford

19. Jia G, Torri G (2007) Appl Radiat Isot 65:849

20. Singh J, Singh H, Singh S, Bajwa BS (2008) Radiat Meas 43:523

21. Zhuo W, Iida T, Yang X (2001) J Environ Radioact 53:111

22. Bomben AM, Equillor HE, Oliveira AA (1996) Radiat Prot

Dosim 67:221

Assessment of natural uranium and 226Ra concentration 717

123


	Assessment of natural uranium and 226Ra concentration in ground water around the uranium mine at Narwapahar, Jharkhand, India and its radiological significance
	Abstract
	Introduction
	Experimental
	Site description
	Measurement technique
	Quality assurance and quality control

	Results and discussions
	Uranium and 226Ra concentration
	Assessment of ingestion dose

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


