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Abstract. The aim of this study was to apply the Monte-Carlo tech-
niques to develop a probabilistic risk assessment. The risk resulting from
the occupational exposure during the remediation activities of a uranium
tailings disposal, in an abandoned uranium mining site, was assessed. A
hypothetical exposure scenario was developed and two different path-
ways were compared: internal exposure through radon inhalation and
external through gamma irradiation from the contaminated tailings ma-
terial. The input variables, such as the inhalation rate and the external
exposure parameters, were considered as specific probabilistic distribu-
tions, each one characterized by its central tendency and dispersion
parameters. Using the cumulative distribution function, a probabilistic
value for each variable can be generated using a single random number.
Thus, this methodology allows performing a probabilistic risk assessment
generating a risk distribution.

Keywords: Risk and dose assessment, uranium tailings disposal, Monte-
Carlo simulation, occupational exposure.

1 Introduction

The uranium mining in Portugal took place at 62 different sites, mostly in small
open pit exploitations although the larger ones were underground mines or a
combination of both. Most of the mining sites are located in the districts of
Guarda and Viseu (central-east Portugal). One of these sites was the Urgeiriça
uranium mine which was considered to be the country’s most important uranium
exploitation. The Urgeiriça mine was active from 1913 to 2000 and the total
uranium concentrate production reached about 4730 tons.

The uranium mining and processing operations in Portugal have left a legacy
of considerable environmental contamination. The extensive treatment of ura-
nium ores at the Urgeiriça processing plant led to the production of large amounts
of solid wastes (tailings) that were deposited into open-air dams. The most vo-
luminous tailing, with an estimated volume of 1 390 000±40 000 m3 and an area
of 13.3 hectares, consists of the sludge produced in the milling facility [1].
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This tailings pile, known as the ”Old Dam”, includes most of the radioiso-
topes of the uranium decay chains as well as other hazardous chemical elements
resulting from the treatment process (acid leaching). Radium is of specific con-
cern in the uranium tailings as it decays into radon, a radioactive gas which may
cause lung cancer.

Since 1996 the Portuguese government had to deal with the decommission-
ing of the mines, mills and other facilities and the rehabilitation of the mining
sites. In 2005, the Environmental Monitoring Programme became mandatory
and legally enforced. The overall environmental remediation programme at the
Urgeiriça mine was planned for completion before the end of 2007. However, the
tailings pile ”Old Dam” rehabilitation was only concluded in April 2008.

This work focuses on the potential occupational exposure during the ”Old
Dam” remediation works that occurred mainly in 2008. The ”Old Dam” was
one of the many sites with radioactive material to be rehabilitated. The others
sites in the same region are scheduled to be intervened between 2010 and 2013.

The tailings are a source of external radiation and furthermore a powerful
source of radon and dust that disperses in the atmosphere. During the reme-
diation stage, radon inhalation may lead to significant occupational radiation
exposure. Since site remediation was carried out at places with enhanced dose
rates and high concentrations of airborne radioactivity (long-lived alpha par-
ticles, radon progenies), a large part of the workers were exposed to radiation
mainly from three main exposure pathways: i) inhalation of radon decay prod-
ucts, ii) inhalation of dust-borne long-lived alpha emitters and iii) external ra-
diation. The research described in this paper focuses, in particular, on radon
inhalation and external (gamma) radiation.

2 Methods and Materials

2.1 Risk Assessment and Monte-Carlo Simulations

Risk assessment tools have been widely used to evaluate environmental con-
taminations and the effects on humans and ecosystems. Taken as an example
radon exhalation from uranium tailings, the hazards of the exposure through
the inhalation of radon come from its radioactive decay daughters. When radon
is inhaled it decays into other radioactive products. These will dissipate their
energy (alpha radiation) in the lung cells becoming a potential cause of lung
cancer.

The probability of lung cancer occurrence depends on the amount of energy
dissipated per unit mass. The amount of radon inhaled, and consequently, the
amount of radon daughters inside the body, depends on the breathing rate. This
factor will contribute to the estimative of the intake dose which is then combined
with established factors (toxicity values or cancer slope factors) to determine the
human health risk for that particular exposure.

The estimate of the intake dose requires data on the type and concentration of
the contaminant together with many exposure input parameters. Generally some
fixed values obtained from statistical analysis of the observed concentrations
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for a given contaminant are combined with fixed standard values for exposure
input parameters such as intake rates. The fixed input parameters are often
chosen as the maximum value over a range of possible values to ensure that the
estimative is on the ”safe side”. This is known as a based deterministic approach.
The level of contamination (either measured or modeled) as well as exposure
input parameters and toxicity values will always have inherent variability and
uncertainty and these are not considered in a deterministic approach, which may
result in an overestimate of the intake dose.

Probabilistic-based methods provide more realistic estimates using probability
density functions for the input data instead of using fixed single values; for each
parameter a probability density function is assigned. These distributions can
take several forms (e.g. normal, lognormal, uniform, triangular, etc.).

A probabilistic methodology, such as Monte Carlo simulations, may be used
to generate the cumulative intake dose, and then an intake dose value of the 90th
to 99,9th percentiles of this distribution may be used for further risk assessment.
The result will be a cumulative distribution of the intake dose that would, in a
more realistic way, account for variability and uncertainty.

2.2 Occupational Exposure in Remediation/Rehabilitation
Activities

The International Commission on Radiological Protection (ICRP) has estab-
lished for occupational exposure an effective dose limit of 20 mSv per year,
averaged over 5 years (100 mSv in 5 years), with the further provision that the
effective dose should not exceed 50 mSv in any single year [2]. European legisla-
tion follows these limit values legislated in the Directive 96/29 EURATOM. This
directive is designed to establish uniform safety standards to protect the health
of workers and the general public against the dangers of ionizing radiation.

Although this directive came into force for European member states in 2000,
Portugal was an exception. Portugal has notified transposition measures which
were distributed in various legislative texts, instead of a coherent and consol-
idated legal framework. The European Commission considered that this made
Portuguese legislation on radiation protection too complex and caused uncer-
tainty for the citizens regarding the relevant transposition provisions [3]. In this
way, Portugal was considered to have failed in fulfilling its obligations on basic
safety standards for the health protection of workers and the general public from
ionizing radiation.

After these events, EURATOM Directive was completely transposed to na-
tional law, in November 2008. Regarding these circumstances, in the previous
context (before November 2008), the great majority of the rehabilitation works
were done by workers that were officially non-radiologically exposed and conse-
quently, their dose limit was the same as for the public, 1 mSv/year.

The U. S. Environmental Protection Agency (EPA) evaluates the risk due
to radiation exposure as the carcinogenic slope factor, representing the lifetime
excess total cancer risk per unit intake or exposure. The product of the cancer
slope factor by the dose received estimates the risk for a member of the critical
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Table 1. Gamma radiation emitters and dose coefficients

Radionuclide Average soil concentration (Csoil,i) Dose coefficients (DCext,i)
(Bq/kg)[7] (Sv s−1)/(Bq m−2)[8]

235U 483 1.48 × 10−16

234Th 6506 8.32 × 10−18

226Ra 3004 6.44 × 10−18

210Pb 3046 2.48 × 10−18

137Cs 9.90 2.85 × 10−19

40K 1738 1.46 × 10−16

group due to their activity. This risk represents the probability of cancer inducing
by this particular exposure, in excess relative to the background risk.

The acceptable risk is generally defined as 10−6 for the general public and
10−5 for occupational works. This means that an additional one case of cancer
is accepted for population of 1 million or 100 000, being the general background
risk around 20% for most of the industrialized countries. A risk level of 1 in a
million, or 1 in one hundred thousand, also implies a likelihood that up to one
person, out of one million (or 100 000) equally exposed people would contract
cancer if they are exposed continuously (24 hours per day) to a specific radiation
dose over 70 years (an assumed average lifetime).

The exposure scenario adopted in this study considers both internal and ex-
ternal exposure for estimating the exposure of the workers involved in the reme-
diation activities of the tailings pile ”Old Dam” and evaluates the health risks
by means of a Monte-Carlo simulation. The estimative includes the dose and the
associated risk from the activities. The dose assessment was done exclusively in
a deterministic way while the risk assessment was done in a probabilistic based
methodology. The critical receptor is represented by an average adult worker,
involved in the remediation of the tailings, assuming an exposure during an
8-hour work day, 5 days per week, 48 weeks/year (accounting for the receptor
being away on vacation for 4 weeks per year), during 3 years. It was also assumed
that all the working time is spent outdoor [4]. The relevant pathways considered
for the workers exposure are radon inhalation and gamma radiation from the
tailings.

2.3 Sampling Methods

A radon survey over an area of 13.3 ha in the tailings pile and in its vicinity
was carried out during two field campaigns in 2001. The first one was done in
spring using 45 sampling points and the second one was done in summer using 22
sampling points. The sampling campaigns comprised various types of measure-
ments, including radon exhalation rates (Bq m−2 s−1) and radon concentration
(Bq/m3).

The radon concentrations in the atmospheric air, measured at 1 m above the
soil, ranged from 195 to 1205 Bq/m3, with an average value of 557 Bq/m3. In
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the vicinity of the tailings pile the measured radon concentration varied from 50
to 930 Bq/m3 with an average value of 251 Bq/m3 [6].

To assess the external dose, measurements on the radionuclides gamma emit-
ters were carried out [7]. The radionuclides gamma emitter concentrations in the
soil were assessed by gamma-spectrometry and are presented in Table 1.

3 Applied Methodology

3.1 Effective Dose Assessment

The critical group for which individual doses are to be assessed is representative
of the adult workers involved in the remediation activities. The effective dose
due to radon inhalation may be calculated through the following equation:

DRn = CRn × DCinh × Ef × feq, (1)

where DRn is the annual dose resulting from radon inhalation (mSv/year); CRn

is the average radon concentration in breathing air at the tailings pile (Bq/m3);
DCing is the radon effective dose equivalent factor (mSv/(Bq h m−3)); Ef is
the outdoor exposure frequency (hour/year) and feq is the equilibrium factor for
radon decay products (unitless).

We have adopted the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) recommendation for the conversion of potential
alpha energy exposure (Bq h m−3) to effective dose equivalent (mSv) [5]. A
value of 9 × 10−6 mSv per Bq h m−3 was adopted for the radon effective dose
equivalent factor. This conversion factor has implicit an adult average breathing
rate of 19.2 m3/d [5]. It was assumed an outdoor exposure frequency of 1920
hours per year and an equilibrium factor for radon decay products of 0.4 [5].

For the external exposure dose due to the contaminated ground surface (Dext,i),
the U.S. EPA dose coefficients (Table 1) were converted into the appropriated
units by assuming a soil density of 1600 kg/m3 (ρ) and a soil depth contamina-
tion of 1 m (Ts) [8], in the following equation:

Dext,i = Csoil,i × DCext,i × Ef × 3600 × ρ × Ts, (2)

where Csoil,i is the radionuclide concentration in soil (Bq/kg), DCext,i is the dose
coefficient and the subscript “i” corresponds to each radionuclide (Table 1). In
practice, doses obtained from the assessment of exposure from external radiation
and from intake of radon are combined for the assessment of the value of total
effective dose for demonstrating compliance with dose limits and constraints.

3.2 Risk Assessment

In a simplified approach, the annual risk incurred to a receptor by internal
exposure due to radon inhalation may be estimated combining the radon con-
centration, the individual breathing rate, the exposure frequency and the radon
cancer slope factor as given by equation (3):

RRn = CRn × BR × RCinh × Ef × feq, (3)
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where RRn is the annual risk resulting from radon inhalation; BR is the breathing
rate (log-normally distributed) at the exposure location (m3/d) and RCinh is
the radon slope factor for inhalation (Risk/Bq); a value of 2.04 × 10−10 was
adopted for this parameter [4].

A log-normal distribution of the daily breathing rate, normalized to the av-
erage body weight, was adopted based on values published for this log-normal
distribution. We adopted the mean and the standard deviation designated by
the ICRP [2]. For this distribution the mean, standard deviation, median and
95th percentile are respectively 16.45, 4.69, 16.32, 20.25 m3/d.

The Monte Carlo methodology was used to generate an output cumulative
distribution of the exposure risk: the Monte-Carlo, as a probabilistic method,
performs the combination of probability distributions by numerical simulation
and calculates the risk several thousand of times by generating random values for
the input variables from the distribution function. This process was implemented
using Matlab for programming an algorithm with different probability distribu-
tion for some of the variables involved in the risk calculations and performing
about 30000 random generations.

In the algorithm the risk equation is expressed as a function of carcinogenic-
ity (radon slope factor) and radon concentration, both as point values, and two
exposure variables (breathing rate and exposure frequency) that are character-
ized by probability distributions functions (PDFs). The computer selects a value
for each exposure variable from a specified PDF (log-normal for breathing rate
and triangular for exposure frequency) and calculates the corresponding risk.
This process is repeated many times (30000), each time saving the set of in-
put values and corresponding estimate of risk. The results from each simulation
are displayed in a graph, in the form of a probability density function or the
corresponding cumulative distribution function.

The cancer risk induced by external radiation was estimated using the external
radionuclide slope factor for each one of the radionuclides contributing to the
external gamma radiation exposure. The following equation was used to assess
the resulting risk,

Rext =
n∑

i=1

× (Csoil,i × Te × SFext,i × Ef × Sf ). (4)

The input parameters are the soil concentration for each radionuclide, Csoil,i

(Bq/kg), the gamma exposure time factor, Te (8h/24h), the external radionuclide
slope factor, SFext,i (Risk/year)/(Bq/kg) [9], the external exposure frequency,
Ef (1920 h/365 d) and the outdoor gamma shielding factor, Sf (1) [9].

4 Results and Discussion

For the hypothetical exposure scenario, the effective dose for one year of radon
internal exposure at 557 Bq/m3 is 3.85 mSv while for external exposure the
estimated total gamma radiation emitters dose is 4.5 mSv/year. The value for
total effective dose from internal and external exposure is 8.35 mSv/year.
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Table 2. Risk assessment summary results

Risk Average±σ Median 95th percentile

Annual Rn inhalation 6.00 × 10−5 ± 6.24 × 10−11 5.95 × 10−5 7.38 × 10−5

Gamma radiation 4.33 × 10−5 - -
Total 1.03 × 10−4 ± 6.24 × 10−11 1.03 × 10−4 1.17 × 10−4

During rehabilitation 3.52 × 10−4 ± 3.16 × 10−32 3.52 × 10−4 3.52 × 10−4

Incremental lifetime risk 0.0072 ± 3.06 × 10−7 0.0072 0.0082

A summary of the risk assessment values for the hypothetical scenario created
is presented in Table 2. For analyzing the results, the mean and median values,
as well as the 95th percentile, were extracted and presented. The estimative
includes: i) the resulting annual risk; ii) the risk incurred by the exposure during
the period of time necessary to complete the rehabilitation works which was
considered to be 3 years and iii) the incremental lifetime cancer risk.

The total annual risk incurred by external exposure and by radon inhalation
is log-normally distributed with a mean, standard deviation, median and 95th
percentile as presented in Table 2, being σ the standard deviation.

For dose assessment, external exposure to gamma radiation was found to be
the most significant exposure pathway, although radon inhalation contributes
up to 46% to the annual effective dose. However, the higher risk in this exposure
scenario is associated with radon inhalation contributing up to 52% to the total
risk. As mentioned before, deterministic dose assessment may overestimate dose
values as it uses single input values, which are often chosen as the maximum
over the range of possible values, and consequently higher uncertainty. Risk as-
sessment probabilistic approach generates values with lower uncertainty as it
uses parameters distributions, instead of single input values. According to radon
concentration measured in this site and dose measurements only for external
exposure, radon inhalation was effectively the most concern for radiological ex-
posure. In the present study only the breathing rate probability distribution was
used in the risk calculation, while the other input parameters were considered
as constants. It was our intention to demonstrate that the highest contribution
to the dose, the external gamma irradiation, does not correspond to the highest
probabilistic risk originated by radon inhalation and that an assessment based
only on doses deterministic estimative may imply a non-realistic situation. Prob-
abilistic risk calculations should also be taken into consideration when assessing
human health exposure. Further work is being developed for using probabilistic
distributions for all uncertain or variable input parameters.

5 Conclusions

The present study is based on a standard occupational exposure scenario for
workers involved in the remediation activities in a low level radioactive waste
disposal. A deterministic approach is used to perform a dose assessment. The
results predict that external exposure is the highest concerning pathway. A single
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point estimative for the dose is obtained and is useful to compare with the
legal limit values. However, the probabilistic risk estimative showed that internal
exposure poses, in fact, the highest risk to the exposed workers, and this fact
should be considered. In this context, the workers involved in the remediation of
the ”Old Dam” could have been subject to radiation exposure (through internal
and external pathways) and, for the exposure scenario created, the assessed
values involve a hypothetical meaningful risk. The results for incremental cancer
risk during the mean lifetime (0.0072) can be expressed as a probability of seven
chances in 1000 for a specific worker experiencing a cancer fatality as a result of
this particular exposure. This value is added to the background risk. In addition,
dust inhalation containing radionuclides was not considered and this fact may
contribute significantly to a higher inhalation dose and consequently increase
the risk.

Further remediation works are planned to take place from 2010 to 2013 for
other uranium tailings contaminated sites. It is clear that in the previous reme-
diation activities workers were radiologically exposed. This preliminary study
shows that many safety measures must be accomplished in future works, either
by implementing individual protection equipment (internal and external expo-
sure) or by periodical monitoring and control, in order to assess the experienced
working exposure.
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INETI, ITN (2005)

8. Eckerman, K.F., Ryman, J.C.: Federal guidance Report n.12, Exposure-to-Dose Co-
efficients for General Application, Based on the 1987 Federal Radiation Protection
Guidance, EPA-402-R-93-081 (1993)

9. EPA, U.S. Environmental Protection Agency: Cancer Risk Coefficients for Environ-
mental Exposure to Radionuclides, Federal Guidance Report N 13, EPA 402-R-99-
001, Office of Radiation and Indoor Air (1999)


	Using Monte-Carlo Simulation for Risk Assessment: Application to Occupational Exposure during Remediation Works
	Introduction
	Methods and Materials
	Risk Assessment and Monte-Carlo Simulations
	Occupational Exposure in Remediation/Rehabilitation Activities
	Sampling Methods

	Applied Methodology
	Effective Dose Assessment
	Risk Assessment

	Results and Discussion
	Conclusions
	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




