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7.1 Introduction

The discovery of X-rays by Roentgen in 1895 began
a new era in medicine. The first uses of ionizing
radiation permitted the noninvasive visualization of
internal structures of the body, which was quite revo-
lutionary. Later in 1924, de Hevesy and colleagues
performed studies of the kinetics of lead-210 (*'°Pb)
and bismuth-210 (210Bi) in animals, introducing the
idea of the use of radioactive substances to investigate
dynamic processes in the body and study physiologi-
cal, as opposed to only anatomical, information [1].
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This science grew steadily for many years, and the
Society of Nuclear Medicine was organized 30 years
later, to facilitate the exchange of information by
professionals in this field. Most applications of the
science of nuclear medicine are diagnostic, i.e., eval-
uating body structures and internal processes to diag-
nose diseases and guide medical response to potential
human health issues. Radiopharmaceuticals used in
nuclear medicine have also been applied for many
decades in therapeutics, i.e., exploiting the ability of
ionizing radiation to destroy potentially harmful tis-
sues in the body (e.g., cancer or inflamed joints). A
radiation dose analysis is a necessary element of the
safety analysis to permit the use of either diagnostic or
therapeutic radiopharmaceuticals. For diagnostic com-
pounds, the US Food and Drug Administration (FDA)
evaluates a number of safety parameters during the
approval process for new pharmaceuticals; internal
dose assessment (or “dosimetry”) is one of the key
areas of evaluation. During the various phases of the
drug approval process, radiation dose estimates are
generated, and average values will be included with
the product information package that accompanies
radioactive drugs that are brought successfully to mar-
ket. These dose estimates are not often used directly in
day-to-day practice in the clinic, but are often referred
to when comparing advantages and disadvantages of
possible competing drug products, by radioactive drug
research committees (RDRCs) in evaluating safety
concerns in research protocols, and other situations.

7.1.1 Practice of Internal Dosimetry

In therapeutic applications, physicians should perform
a patient-specific evaluation of radiation doses to
tumors and normal tissues in order to design a
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treatment protocol that maximizes the dose to malig-
nant tissues while maintaining doses to healthy tissues
at acceptable levels (i.e., below thresholds for direct
deleterious effects). This is done routinely in external
radiation therapy treatment planning, but unfortu-
nately, dose assessment is not routinely practiced in
most clinics at present in the administration of radio-
pharmaceuticals for therapy. All patients are generally
treated with the same or similar amounts of activity,
without regard to their specific biokinetic characteris-
tics. Many investigators have called for dose assess-
ment to become a routine part of the practice of
radiopharmaceutical therapy [2—6] in the interests of
improving patient care.

7.1.2 Responsibilities

The patient/physician relationship involves trust, the
weighing and balancing of a number of risks and
benefits of possible procedures, discussion of personal
information, and other delicate issues such as per-
sonal, ethical, and religious standards. Physicists pro-
vide information that the physician must understand
and convey to his/her patients, and thus play a periph-
eral, but still important, part of the process of the
delivery of medical care involving radioactive sub-
stances. In diagnostic applications, the physicist is
rather removed from the process, having previously
provided dose calculations to regulatory and other
bodies for their evaluations of the use of radiopharma-
ceuticals in clinical practice and research. In radio-
pharmaceutical therapy, however, the physicist should
be more involved in the future, as is true for external
beam therapy, and much useful experience can be
gained that will ultimately result in better and more
durable patient outcomes [6].

7.2 Basic Quantities and Units

Accurate quantification of the various terms involved
in our theoretical calculations is important to obtaining
an acceptable outcome. Many of the conversions that
occur in the use of quantities in the atomic world have
very large or very small exponents (e.g., there are
1.6 x 1073 Tin1 MeV). Thus, when unit conversions
are performed, involving multiplication and/or division,

small errors in values of a conversion constant may
result in enormous errors in our final calculation.
Common sense must be applied in the choice of the
number of significant figures shown in presented dose
estimates; the final value should also be rounded to a
sensible number of significant figures. Roger Cloutier
once quipped that “I only use one significant digit in
reporting internal dose values because you can’t use
any fewer!” [7] In internal dose assessments, a number
of modeling assumptions and simplifications are usu-
ally applied to solve a problem. Numerous uncertain-
ties exist in the input values as well as the applicability
of the values and the models used. Providing organ
dose or effective dose values to ten significant figures
is simply unreasonable. Final answers for any radio-
pharmaceutical dose estimate should be given to two
or three significant figures, no more.

7.2.1 Administered Activity

The quantity “Activity” is defined as the number of
nuclear transformations per unit time occurring in
a given sample of radioactive material. The units
are nuclear transformations/unit time. Special units
include:

Curie (Ci) = 3.7 x 10'° transformations/s

Becquerel (Bq) = 1 transformation/s

Two other quantities are also defined: The radio-
active decay constant (A) is the rate constant for
radioactive atoms undergoing spontaneous nuclear
transformation. Its units are inverse time, (sfl, for
example). The radioactive half-life is the time needed
for one half of the atoms in a sample of radioactive
material to undergo transformation. Mathematically,
the half-life is In(2)// = 0.693/A. Its units are time
(seconds, for example).

7.2.2 Absorbed Dose

Absorbed Dose is the energy absorbed per unit mass of
any material (i.e., not only human tissue). Absorbed
dose (D) is defined as:

de
D=—
dm
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where de is the mean energy imparted by ionizing
radiation to matter in a volume element of mass
dm. The units of absorbed dose are energy per
unit mass, e.g., erg/g, J/kg, or others. Special units
include the rad (equal to 100 erg/g), the gray (Gy)
(1 J/kg). 1 Gy = 100 rad. The word “rad” was origi-
nally an acronym meaning “radiation absorbed
dose.” The rad is being replaced by the SI unit
value, the gray (Gy), which is equal to 100 rad.
Note that “rad” and “gray” are collective quantities;
one does not need to place an “s” after them to
indicate more than one.

Closely related to absorbed dose is the quantity
kerma, which is actually an acronym meaning “kinetic
energy released in matter.” Kerma is given as

_ dETr

K
dm

dErt, is the sum of the initial kinetic energies of all the
charged ionizing particles liberated by uncharged ion-
izing particles in a material of mass dm. Kerma has the
same units and special units as absorbed dose, but is
a measure of energy liberated, rather than energy
absorbed. The two will be equal under conditions of
charged particle equilibrium, and assuming negligible
losses by bremsstrahlung radiation.

7.2.3 Linear Energy Transfer

The quantity Linear Energy Transfer (LET) is given
as:

dEy,
LET = —
dl

where dEy is the average energy locally imparted to a
given medium by a charged particle passing through a
length of medium d/. The units of LET are often given
as keV/um, although any units may be used. LET is an
important parameter used in characterizing energy
deposition in radiation detectors and in biological
media in which we wish to study the effects of differ-
ent types of radiation.

7.2.4 Relative Biological Effectiveness
(RBE)

When the effects of other radiations on the same cell
population to produce the same endpoint are studied, it
is often observed that all radiation does not produce
the same effects at the same dose levels as this “refer-
ence” radiation. If a dose D’ of a given radiation type
produces the same biological endpoint in a given
experiment as a dose D of our reference radiation,
we can define a quantity called the Relative Biological
Effectiveness (RBE) [8] as:

RBE = D
D/

So, for example, if a dose of 1 Gy of the reference
radiation produces a particular cell survival level, but
only 0.05 Gy of alpha radiation produces the same
level of cell killing, the RBE for alpha particles in
this experiment is given as 20.

RBE is closely related to radiation LET. High LET
radiations generally have high RBEs (250 kVp X-rays
are generally considered to be low LET radiation). The
relationship of the two variables is not directly linear,
but there is clearly a positively correlated relationship
of RBE with LET, until very high LET values are
reached, where “overkill” of cells causes the RBE
not to increase so quickly.

The reader may have noted that in the numerical
example chosen above, the RBE for alpha particles is
exactly equal to the currently recommended value of
wg, the radiation weighting factor used in radiation
protection. This was done intentionally. Values of wg
are very closely tied to RBE values; however, they
are NOT exactly equal. Generally, conservative
values of RBE were used to set the values assigned
for wg values (also formerly called “quality factors™).
RBE values are highly dependent on the experimen-
tal conditions (cell type, radiation type, radiation
dose rate) and the biological endpoint defined for
study in which they were defined. Radiation weight-
ing factors, on the other hand, are chosen operational
quantities to be applied to a type of radiation in all
situations.
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7.2.5 Radiation Weighting Factor
and Equivalent Dose

The quantity equivalent dose (Hrr) has been defined
to account for differences in the effectiveness of
different types of radiation in producing biological
damage:

Hrr=wrDTR

where Dty is the dose delivered by radiation type R
averaged over a tissue or organ T and wy, is the radia-
tion weighting factor for radiation type R.

The weighting factor wy is really dimensionless, so
fundamentally, the units are the same as absorbed dose
(energy/mass). Operationally, however, we distin-
guish using the special units of the rem (which is the
D(rad) x wg) and sievert (Sv) (equal to the D(Gy) X
wr). As 1 Gy = 100 rad, 1 Sv = 100 rem.

Note that like rad and gray, the rem and sievert are
collective terms; one need not speak of “rems” and
“sieverts”, although this may be heard in common
speech and even observed in publications. Also note
that units that incorporate a person’s name (Roentgen,
Gray, Sievert) are given in lower case when spelled out
completely, but with the first letter capitalized when
given as the unit abbreviation (e.g., “sievert” and “Sv”).

Equivalent dose is defined for ANY kind of radia-
tion, but ONLY in human tissue. The recommended
values of the radiation weighting factor have varied
somewhat over the years, as evidence from biological
experiments has been given and interpreted. The cur-
rent values recommended by the International Com-
mission on Radiological Protection [9] are shown in
Table 7.1 (note that values for neutrons are not given,
as they are not often of interest in internal dosimetry).

The weighting factor of 20 for alpha particles is
reasonable for radiation protection purposes, but some
radiobiological evidence indicates that this value may
be too conservative for use in radiopharmaceutical

Table 7.1 Radiation weighting factors recommended by the
ICRP [9]

Type of radiation WR
Photons, all energies 1
Electrons and muons 1
Protons and charged pions 2

Alpha particles, fission fragments, heavy ions 20

therapy, and may be as low as five [10] or even one
[11] The contrary argument applies to the use of Auger
emitters, for which literature values indicate a range of
potential RBEs greater than 1, particularly if the emit-
ters are closely associated with cellular DNA [12]
Clearly, more investigation and guidance from regu-
latory and international advisory bodies are needed for
the application of these values to internal dosimetry
therapy.

7.2.6 Tissue Weighting Factor
and Effective Dose

The International Commission on Radiological Pro-
tection (ICRP), in its 1979 description of radiation
protection quantities and limits for radiation workers
[13] defined a new dosimetry quantity, the effective
dose equivalent (H., or EDE). The ICRP subsequently
renamed this quantity effective dose (E) in 1991 [14]
and the weighting factors were again updated in
ICRP Publication 103 [9]. Certain organs or organ

Table 7.2 Weighting factors recommended by the ICRP for
calculation of the effective dose

ICRP 30 ICRP 60 ICRP 103
Organ (1979) (1991) (2007)
Gonads 0.25 0.20 0.08
Red marrow 0.12 0.12 0.12
Colon 0.12 0.12
Lungs 0.12 0.12 0.12
Stomach 0.12 0.12
Bladder 0.05 0.04
Breasts 0.15 0.05 0.12
Liver 0.05 0.04
Esophagus 0.05 0.04
Thyroid 0.03 0.05 0.04
Skin 0.01 0.01
Bone surfaces 0.03 0.01 0.01
Brain 0.01
Salivary glands 0.01
Remainder 0.30 0.05 0.12
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systems were assigned dimensionless weighting fac-
tors (Table 7.2) which are a function of their assumed
relative radiosensitivity for expressing fatal cancers or
genetic defects.

Here is an example calculation using the tissue
weighting factors from ICRP 60 and some assumed
individual organ equivalent doses:

Equivalent
Dose
(mSv)

Weighted dose
Equivalent
(mSv)

Weighting
Factor

Liver 0.05 0.53 0.0265
Kidneys 0.005 0.37 0.00185
Ovaries 0.20 0.19 0.038
Red marrow 0.12 0.42 0.0504
Bone surfaces  0.01 0.55 0.0055
Thyroid 0.05 0.05 0.0025
Total 0.125

(effective

dose)

The assumed radiosensitivities were derived from
the observed rates of expression of these effects in
various populations exposed to radiation. Multiplying
an organ’s dose equivalent by its assigned weighting
factor gives a “weighted dose equivalent.” The sum of
weighted dose equivalents for a given exposure to
radiation is the effective dose:

E:ZHTXWT
T

The effective dose is meant to represent the equiv-
alent dose which, if received uniformly by the whole

Table 7.3 Summary of nuclear medicine dose quantities

Quantity Units Comments
Individual organ dose Gy or Sv
(absorbed dose or routinely reported.
equivalent dose)
Maximum dose organ Gy or Sv
(absorbed dose or
equivalent dose)
Whole body dose Gy or Sv
(absorbed dose or
equivalent dose) assessment.
Effective dose Sv

body, would result in the same total risk as that actu-
ally incurred by a given actual nonuniform irradiation.
It is entirely different from the dose equivalent to the
“whole body” that is calculated using dose conversion
factors for the total body. “Whole body” doses are
basically meaningless in nuclear medicine applica-
tions, as nonuniform and localized energy deposition
is simply averaged over the mass of the whole body
(70 kg). Thus, if a radiopharmaceutical concentrates
heavily in a few organs, all of the energy absorbed by
these (and other) organs is divided by the mass of the
whole body to obtain the “whole body” dose. This
quantity is not meaningful in internal dose assessment,
unless the radionuclide distribution is nearly uniform,
as, for example, for intakes of 3H20, or ’Cs. The
goal of nuclear medicine is to administer compounds
that selectively concentrate in particular organs or
regions of the body for diagnostic or therapeutic pur-
poses, so “whole body” dose is not a descriptive or
useful quantity to calculate. Table 7.3 summarizes
some of the dose quantities of interest in nuclear
medicine dosimetry.

Some have objected to the use of the effective dose
quantity in nuclear medicine, due to the uncertainties
involved and the fact that the quantity was derived for
use with a radiation worker population [15] The ICRP
itself, however, as well as many other international
organizations, has affirmed that the quantity is useful
for nuclear medicine applications, the associated
uncertainties notwithstanding. It is clearly more useful
in evaluating and comparing doses between radiophar-
maceuticals with different distribution and retention
patterns in the body. It is very important, however, to
recognize the limitations on its use:

Doses to all available organs and tissues in the standardized phantoms should be

The individual organ that receives the highest dose per unit activity administered or
per study should be considered in study design and execution.

Useful only if all organs and tissues in the body receive an approximately uniform
dose. Rarely of value for radiopharmaceuticals. Most useful in external dose

Risk weighted effective whole body dose. Gives the equivalent dose uniform to the

whole body that theoretically has the same risk as the actual, nonuniform dose

pattern received.
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e The quantity should never be used in situations
involving radiation therapy, as it is related to the
evaluation of stochastic risks from exposures
involving low doses and dose rates.

e It should not be used to evaluate the risk to a given
individual; its application is to populations which
receive doses at these levels.

If one accepts the quantity, with all of its inherent
assumptions and uncertainties, however, it provides
some useful features:

e Asjustnoted, it allows direct comparison of different
radiopharmaceuticals which may have completely
different radiation dose patterns. For example, com-
pare the use of 2°"TI chloride with *™Tc Sestamibi
for use in myocardial imaging studies. There are
many variables that enter into a discussion of which
agent is preferable for these studies, and we will not
review all of them here. But just from a radiation
dose standpoint, if one uses, for example, 74 MBq
(2 mCi) of 2°'TI chloride, the two highest dose
organs are the thyroid, which may receive about 40
mGy (4 rad) and the kidneys, which may receive
about 30 mSv (3 rem) [16] One might instead use
740 MBq (20 mCi) of **™Tc Sestamibi, in which
case, the two highest dose organs are the gallbladder,
which may receive about 29 mSv (2.9 rem) and the
kidneys, which may receive about 27 mSv (2.7 rem)
(rest patients) [17] The kidney doses are similar, but
is 40 mGy to the thyroid more acceptable than 29
mGy to the gallbladder? The effective dose for 2°' Tl
chloride is 11.5 mSv (1.15 rem) and for *™Tc Ses-
tamibi is 6.7 mSv (0.67 rem). So, strictly from a dose
standpoint, the use of **™Tc Sestamibi appears more
desirable, although this was not immediately obvious
by looking at the highest dose organs.

e Effective doses from radiopharmaceuticals may be
added to those received from other procedures out-
side of nuclear medicine. For example, if a typical
value of an effective dose for a lumbar spine x-ray
is 2.1 mSv (0.21 rem), and a subject has had two
such exams recently and then receives a **™Tc
Sestamibi heart scan, the total effective dose is
estimated as 6.7 + (2 x 2.1) = 11 mSv (1.1 rem).

e A popular way to explain radiation risks in a simple
way that many members of the public can under-
stand is to express the dose in terms of equivalent
years of exposure to background radiation [18]
Estimates of background radiation dose rates
vary, but if one chooses 3 mSv/year (300 mrem/

year) as an example, then the **™Tc Sestamibi
study discussed above may be thought of as equiv-
alent in total risk to slightly more than 2 years of
exposure to natural background radiation.

7.2.7 Specific Energy

It is a generally accepted axiom that the cell nucleus is
the critical target for either cell death or transformation
(some arguments about dose to other cell structures,
such as the mitochondria, being important have been
raised, but are controversial). As the target size that we
estimate the dose to becomes small, and as the dose
becomes low, variations in dose may become very large,
and average values become less meaningful. Thus, in
many cases, it becomes more meaningful to express the
absorbed dose as a stochastic quantity instead of as a
single average value. The stochastic quantity that is the
corollary to the average absorbed dose in macrodosime-
try (the subject addressed previously in this chapter) is
called the specific energy (z). It is defined as the quotient
of e over m, where e is the energy imparted by ionizing
radiation to matter of mass m:

z=—
m

The mean absorbed dose in a specified volume, D,
is the mean value of z over all possible values:

D=z

7.2.8 Cumulated Activity

Total dose over some period of integration (usually
from the time of administration to infinity) requires cal-
culation of the time integral of the time—activity curve
for all important organs. Time—activity curves may have
many forms; a very general function is shown here:

Activity

Time
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Regardless of the shape of the time—activity curve,
its integral, however obtained, will have units of the
number of total nuclear transitions (activity, which is
transitions per unit time, multiplied by time). Common
units for activity are Bq or MBq, and time may be
given in seconds or hours. A Bg-s is numerically equal
to one disintegration.

7.2.9 Radiation Dosimeters

Some interest has been shown using thermolumines-
cent dosimeters (TLD) to measure internal doses.
These devices generally have a wide relatively flat
response independent of energy, and a wide linear
sensitivity to dose. These have been used mostly in
inanimate phantoms, but have been used in animal
studies, and have been proposed for some human
applications. These are integrating devices and read
out the dose absorbed between the time implanted and
the time when retrieved from the subject. Small ther-
moluminescent dosimeters (TLDs) have been very
useful in anthropomorphic phantoms in calibration of
diagnostic and therapeutic external radiation sources,
and attempts were made to place them into small
animals, principally in tumors to measure accumulated
radiation doses over time [19-21] Glass-encapsulated
MOSFET detectors have been successfully used for
radiation dosimetry with IMRT, and RIT [22, 23] and
are under continued development. This kind of device
may be of value in the validation of absorbed dose
estimates from external beam and from internal emit-
ter therapy, such as with *°Y spheres currently being
used in nuclear medicine therapy.

References

1. Early PJ (1995) Use of diagnostic radionuclides in medi-
cine. Health Phys 69:649-661

2. Siegel JA, Stabin MG, Brill AB (2002) The importance of
patient-specific radiation dose calculations for the adminis-
tration of radionuclides in therapy. Cell Mol Biol (Noisy-
le- grand) 48(5):451-459

3. Thierens HM, Monsieurs MA, Bacher K (2005) Patient
dosimetry in radionuclide therapy: the whys and the where-
fores. Nucl Med Commun 26(7):593-599

4. Brans B, Bodei L, Giammarile F, Linden O, Luster M,
Oyen WIJG, Tennvall J (2007) Clinical radionuclide therapy
dosimetry: the quest for the “Holy Gray”. Eur J Nucl Med
Mol Imaging 34:772-786

10.

12.

14.

15.

17.

18.

19.

20.

21.

22.

23.

. International

. Jonsson H, Mattsson S (2004) Excess radiation absorbed

doses from non-optimised radioiodine treatment of hyper-
thyroidism. Radiat Prot Dosim 108(2):107-114

. Stabin MG (2008) The case for patient-specific dosimetry in

radionuclide therapy. Cancer Biotherapy Radiopharmaceut
23(3):273-284

. Stabin M (2006) Nuclear medicine dosimetry, Review arti-

cle. Phys Med Biol 51:R187-R202

. NCRP (1990) The relative biological effectiveness of

radiations of different quality. NCRP Report No. 104,
National Council on Radiation Protection and Measure-
ments, Bethesda

. International Commission on Radiological Protection

(2007) Recommendations of the ICRP. ICRP Publication
103. Ann ICRP 37(2-3):64

U.S. Department of Energy (1996) Proceedings, workshop —
alpha emitters for medical therapy — Denver, Colorado, 30—
31 May 1996. http://www.ornl.gov/RDF/BSMTH/denver/
minutes_2.html. Accessed Feb 2002

. Fisher DR, Frazier ME, Andrews TK Jr (1985) Energy

distribution and the relative biological effects of internal
alpha emitters. Radiat Prot Dosim 13(1-4):223-227
Humm JL, Howell RW, Rao DV (1994) AAPM Report No.
49, Dosimetry of Auger-electron-emitting radionuclides.
Med Phys 21(12), December 1994

Commission on Radiological Protection
(1979) Limits for intakes of radionuclides by workers.
ICRP Publication 30, Pergamon, New York

International Commission on Radiological Protection
(1991) 1990 Recommendations of the International Com-
mission on Radiological Protection. ICRP Publication 60,
Pergamon, New York

Poston JW (1993) Application of the effective dose equiva-
lent to nuclear medicine patients. The MIRD Committee.
J Nucl Med 34(4):714-716

. Thomas SR, Stabin MG, Castronovo FP (2005) Radiation-

absorbed dose from 201TI-thallous chloride. J Nucl Med 46
(3):502-508

International Commission on Radiological Protection
(1988) Radiation dose to patients from radiopharmaceuti-
cals. ICRP Publication 53, Pergamon, New York

Cameron JR (1991) A radiation unit for the public. Phys Soc
News 20:2

Demidecki AJ, Williams LE, Wong JY et al (1993) Con-
siderations on the calibration of small thermoluminescent
dosimeters used for measurement of beta particle absorbed
doses in liquid environments. Med Phys 20:1079-1087
Yorke ED, Williams LE, Demidecki AJ et al (1993)
Multicellular dosimetry for beta-emitting radionuclides:
autoradiography, thermoluminescent dosimetry and three-
dimensional dose calculations. Med Phys 20:543-550
Jarnet D, Denizot B, Hindre F, Venier-Julienne MC, Lisbona
A, Bardies M, Jallet P (2004) New thermoluminescent dosi-
meters (TLD): optimization and characterization of TLD
threads sterilizable by autoclave. Phys Med Biol 49:1803
Gladstone DJ, Lu XQ, Humm JL et al (1994) A miniature
MOSFET radiation dosimeter probe. Med Phys 21:
1721-1728

Gladstone DJ, Chin LM (1995) Real-time, in vivo measure-
ment of radiation dose during radioimmunotherapy in mice
using a miniature MOSFET dosimeter probe. Radiat Res
141:330-335



	
 7: Radiation Dosimetry: Definitions and Basic Quantities
	7.1 Introduction
	7.1.1 Practice of Internal Dosimetry
	7.1.2 Responsibilities

	7.2 Basic Quantities and Units
	7.2.1 Administered Activity
	7.2.2 Absorbed Dose
	7.2.3 Linear Energy Transfer
	7.2.4 Relative Biological Effectiveness (RBE)
	7.2.5 Radiation Weighting Factor and Equivalent Dose
	7.2.6 Tissue Weighting Factor and Effective Dose
	7.2.7 Specific Energy
	7.2.8 Cumulated Activity
	7.2.9 Radiation Dosimeters

	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


