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A novel and rapid method for identifying and quantifying 3,5,3=-triiodothyronine (T3) and
3,3=,5=-triiodothyronine (rT3; reverse T3) has been introduced using electrospray ionization
tandem mass spectrometry (ESI-MS/MS). MS2 spectra in either negative ionization mode or
positive ionization mode can be used to differentiate T3 and rT3. Quantification of the T3 and
rT3 isomers under the negative ionization mode is also achieved without prior separation by
HPLC. (J Am Soc Mass Spectrom 2005, 16, 1781–1786) © 2005 American Society for Mass
Spectrometry

The thyroid hormones, 3,5,3=,5=-tetraiodothyronine
(T4), 3,5,3=-triiodothyronine (T3), and 3,3=,5=- tri-
iodothyronine (rT3; reverse T3) (Figure 1), are

important in regulating a number of biological pro-
cesses, including growth and development, carbohy-
drate metabolism, oxygen consumption, protein syn-
thesis, and fetal neurodevelopment [1]. T4 is secreted by
the thyroid gland. Both T3 and rT3, triiodo analogues of
T4, are mainly produced by peripheral deiodination of
T4 [2].
T3 is considered to be the most metabolically active

thyroid hormone. Although some T3 is produced in the
thyroid, 80–90% is generated outside the thyroid, pri-
marily by removal of an iodine atom from the outer
phenolic ring of T4 in the liver and kidneys [3, 4]. The
pituitary and nervous systems are also capable of
converting T4 to T3, and thus these tissues are not
dependent on T3 produced in the liver or kidney.
Alternatively, T4 can be converted to rT3 by removal of
an iodine atom from the tyrosine ring of T4. Under
normal conditions, 45–50% of the daily production of
T4 is transformed into rT3 [3]. rT3 is currently thought
not to have hormonal activity itself, but rather to act as
a major competitive inhibitor of T3 activity at the
cellular level [5]. There are three known deiodinases in
vertebrates. D1, found mostly in thyroid, liver, and
kidney but widely expressed in other tissues also, is
selenium-sensitive and can catalyze both outer and
inner ring deiodinations. Its preferred substrate is rT3,
which it further deiodinates to 3,3=-diiodothyronine
(3,3=-T2) by outer ring deiodination, but it can also

convert T4 to T3 or to rT3 [6]. D2, found mainly in
pituitary, brain, brown adipose tissue, and placenta,
catalyzes only outer ring deiodinations, and its pre-
ferred substrate is T4. Thus, its main function is to
produce T3 locally for use in specific tissues [6]. D3,
found mainly in liver, brain, and placenta, is also
selenium-dependent, but catalyzes only inner ring deio-
dinations. It primarily inactivates T4, converting it to
rT3, and T3, converting it to 3,3=-T2 [6]. Sulfations of T4,
T3, or rT3 can also affect their responsiveness to the
various deiodinases [6]. In addition, experimental data
suggest that rT3 may inhibit deiodinases, thereby di-
rectly interfering with the generation of T3 from T4, or
with subsequent breakdown of T3 [5–7]. Thus, the
molar ratio of T3 to rT3 is an important diagnostic
marker for the metabolism and function of thyroid
hormones in clinical chemistry.
Total serum T3 and rT3 measurements are routinely

performed using methods based upon immunoassays,
an approach with high sensitivity, but which lacks
specificity for many analytes [8–11]. In recent years,
mass spectrometry (MS) techniques have attracted at-
tention for the analysis of T4 and T3 because they
provide high mass accuracy, structural information,
and the ability to quantify the hormones [12–19].
A recently developed methodology shows that elec-

trospray ionization tandem mass spectrometry (ESI-
MS/MS) can be used for identification and quantifica-
tion of mixtures of isomers, such as chondroitin sulfate
disaccharides, diastereomeric hexosamine monosaccha-
rides, and diastereomeric N-acetylhexosamines isomers
[20–22]. However, quantification of T3 and rT3 isomers
in mixtures based on the relative abundance of frag-
ment ions in MS2 spectra has not been reported so far.
In this study, we used ESI-MS/MS techniques to dis-
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tinguish T3 and rT3, and directly quantify these isomers
without prior separation by HPLC.

Experimental

Materials

Standards of T3 and rT3 were purchased from Sigma
(St. Louis, MO). Human serum containing natural levels
of thyroxine was purchased from Sigma. Acetic acid
and ammonium hydroxide were purchased from Fisher
(Santa Clara, CA). Solvents used were of HPLC grade
and purchased from Fisher. Oasis MAX SPE™ car-
tridges were purchased from Waters (Milford, MA).
Ultra free-MC centrifugal filter units (5000 NMWL,
Millipore) were purchased from Fisher (Pittsburgh,
PA).

Preparation of T3 and rT3 Samples

Initially, stock solutions of T3 and rT3 were made in
methanol to give a concentration of 1 mg/mL. Standard
solutions were made by diluting stock solutions to 1
ng/�L™in™methanol.™Standard™solutions™were™stored™at
�20 °C and wrapped with aluminum foil.
For positive ionization mode analysis, the diluting

solution consists of 2 mL/L acetic acid in methanol-
water (55:45 by volume). For negative ionization mode
analysis, the diluting solution consists of 2 mL/L am-
monium hydroxide in methanol-water (55:45 by vol-
ume)™[12,™13].™For™qualitative™analysis,™10™�L™of™each
standard solution was diluted by adding 90 �L of the
appropriate dilution solution.

Preparation of Human Serum Using an Oasis
MAX SPE Cartridge

Human serum was thawed at room-temperature. 0.5
mL of the serum was made alkaline with 30 �L of 2%
ammonium hydroxide, diluted to a total volume of 1
mL with water, and then applied to an Oasis MAX 3 cc
(60 mg) SPE cartridge which had been preconditioned
by washing consecutively with 3 mL of methanol and
then 3 mL water. After the loading step, the first
effluent from the cartridge was collected and reloaded
to™obtain™high™percentage™recovery.™The™cartridge™was
then washed with 2 mL of a 2% aqueous solution of
ammonium hydroxide followed by 2 mL of methanol.
The cartridge was eluted with 2 mL of methanol con-
taining 0.05% hydrochloric acid. The elute was collected
and evaporated to dryness at 50 °C under a stream of
nitrogen™[13].™The™evaporated™residue™was™reconstituted
in 50 �L of a solution consisting of 2 mL/L ammonium
hydroxide in methanol-water (55:45 by volume). Before
ESI-MS/MS measurement, the reconstituted sample
was applied to an ultra free-MC centrifugal filter unit
(3000 NMWL, Millipore) and centrifuged at 3800 g for
30 min at 4 °C.

Mass Spectrometry

Mass spectra were obtained using an electrospray ion-
ization source on a quadrupole ion trap instrument

Figure 1. Chemical structures of T4, T3, and rT3.

Figure 2. MS2 spectra of T3 and rT3 under positive ionization. (a)
For T3, using m/z 651.8 as a precursor ion, the fragment ions are
observed at m/z 634.5, 605.6, and 508.1. (b) For rT3, using m/z 651.8
as a precursor ion, the fragment ions are observed at m/z 634.6,
605.7, and 508.0.
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(Bruker Daltonics Esquire 3000, Bremen, Germany). The
spray voltage was 3.5 kV. Dry gas (nitrogen) flowed at
5.0 L/min, and the drying temperature was 320 °C.
Samples were introduced by flow injection at 2 �L/min.
The mass range scanned was m/z 50–1000. For MS/MS
experimentation, the fragmentation amplitude was set
at 1.0 V, the isolation width was 4.0 m/z. Each mass
spectrum consisted of 25 scans. These same instrument
conditions were used for all standards, mixtures of T3
and rT3, and human serum samples. For quantification,
each standard sample was analyzed a total of eight
times over the period of one week. The mixture sample
of T3 and rT3 was analyzed six times over the period of
one week. Human serum sample was analyzed six

times in one day. The data acquisition software used
was Bruker Daltonics Data Analysis 3.0.

Results and Discussion

Identification of T3 and rT3

Under™positive™ionization™mode,™both™T3™and™rT3™reveal™a
singly charged ion [M � H] � at m/z 651.8. Using the T3
MS1 ionm/z 651.8 as a precursor ion, T3MS2 fragment ions
are™observed™at™m/z 634.5,™605.6,™and™508.1™(Figure™2a).™The
product ion atm/z 634.5 corresponds to [M�H�NH3]

�,
and™m/z 605.6™corresponds™to™[M™�™H™�™HCOOH]�.™For
product ion m/z 508, the 144 Da loss could represent two
possible compositional losses: a loss of HIO or H3IN.
Using the rT3 MS1 ion m/z 651.8 as a precursor ion, rT3
MS2 fragment ions are observed at m/z 634.5, 605.7, and
508.0™(Figure™2b).™Although™the™composition™of™fragment
ions in the MS2 spectra generated from T3 and rT3 are the
same, the percent ion contributions of each fragment ion
are different. Thus, these MS2 spectra can be used to
identify a single unknown triiodothyronine, because in
each case a “distinguishing product ion”, which has
significantly different abundance compared to other iso-
meric™species™[23],™can™be™identified.™The™distinguishing
product ion for T3 is m/z 605.7. Although m/z 605.7 is also
themost abundant ion for rT3, the percent total ion form/z
605.7 is only 42% for rT3, compared to 83% for T3. The
distinguishing product ion for rT3 is m/z 508.0. The
percent total ion for m/z 508.0 is 38% for rT3, compared to
9%™for™T3.™This™means™that™the™MS™2™fragment™ions™at™m/z
605.8 and 508.0 could be used to differentiate these two
triiodothyronine isomers.
Under negative ionization mode, both T3 and rT3

reveal a singly charged ion [M � H] � at m/z 649.6. MS2

spectra™of™m/z 649.6™for™T3™and™rT3™are™shown™in™Figure
3a™and™b,™respectively.™It™is™obvious™that™T3™and™rT3™each
produce distinguishing product ions, which have sub-
stantially different abundances compared to each other.
In its MS2 spectrum, T3 has a distinguishing product
ion at m/z 632.5, corresponding to [M � H � NH3]

�,
which™is™in™much™greater™abundance™(Figure™3a)™than
that™of™the™rT3™(Figure™3b).™Similarly,™in™its™MS2™spec-
trum, rT3 has a distinguishing product ion at m/z 478.5
(Figure™3b),™which™is™in™much™greater™abundance™than

Figure 3. MS2 spectra of T3 and rT3 under negative ionization.
(a) For T3, usingm/z 649.6 as a precursor ion, the fragment ions are
observed atm/z 632.5, 522.9, 506.0, and 478.5. (b) For rT3, usingm/z
649.6 as a precursor ion, the fragment ions are observed at m/z
632.5, 604.4, 478.5, and 463.1.

Table 1. Percentages calculated by solving equations 1 and 2 and normalizing the data, as described in the text

T3 : rT3

Calc. %
Avg. � SD

(n � 6) Actual %1 2 3 4 5 6

1:9 10.3 11.6 9.7 11.5 8.9 12.4 10.7 � 1.3 10.0
89.7 88.4 90.3 88.5 91.1 87.6 89.3 � 1.3 90.0

3:7 28.9 27.8 30.8 28.2 29.3 31.1 29.4 � 1.3 30.0
71.1 72.2 69.2 71.8 70.7 68.9 70.6 � 1.3 70.0

7:3 70.5 71.3 69.2 70.4 69.8 68.7 69.9 � 0.9 70.0
29.5 28.7 30.8 29.6 30.2 31.3 30.1 � 0.9 30.0

9:1 87.4 88.7 89.9 87.2 86.7 90.6 88.4 � 1.6 90.0
12.6 11.3 10.1 12.8 13.3 9.4 11.6 � 1.6 10.0
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that™of™the™T3™(Figure™3a).™For™product™ion™m/z 478.5,™the
171 Da loss could represent a possible compositional
loss: a radical loss of CIO2. However, without extensive
labeling experiments or high-resolution measurements,
this product ion loss cannot be unambiguously as-
signed. Nonetheless, the ion at m/z 478.5 is a predomi-
nant ion in the rT3 spectrum. MS2 experiments reveal
that in the negative ionization mode the distinguishing
product ions for T3 and rT3 are also the most abundant

ions in their respective spectra. Therefore, for further
quantitative analysis, the ions at m/z 632.5 and 478.5 in
MS2 spectra in negative ionization mode were selected
to represent T3 and rT3, respectively.

Quantification of T3 and rT3

The relative molar percentages of T3 and rT3 isomers in
a mixture were determined using a system of two

Figure 4. MS2 spectra of the mock mixtures of T3 and rT3, under negative ionization mode. (a) T3:rT3
� 1:9; (b) T3:rT3 � 3:7; (c) T3:rT3 � 7:3; (d) T3:rT3 � 9:1.
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equations,™as™described™previously™[20™–22].™Briefly,™each
of the pure isomeric triiodothyronine standards, T3 and
rT3, was analyzed eight times by MS2 experiments. The
percent™ion™contribution™of™each™distinguishing™product
ion to the total ion current (TIC) was obtained by
exporting the mass list of the spectrum of interest into
ACD SpecManager. For T3 and rT3, excellent reproduc-
ibility for m/z 632.5 and m/z 478.5 is observed, with
standard™deviations™of™less™than™1.5%,™respectively.
Using the percent contributions for T3 and rT3, a

system of equations was developed as follows:

70.205A� 4.09B�C632.5 (1)

8.851A� 74.14B�C478.5 (2)

C632.5 and C478.5 are the contributions of the ions m/z
632.5 and 478.5 in any given mixture of T3 and rT3. A
and B represent the ratio of T3 and rT3 in the mixture.
To determine the normalization factors, a mixture of T3
and rT3 (1:1) was also analyzed six times in one week.
The™percent™contribution™for™each™of™the™product™ions,
m/z 632.5™and™478.5™for™the™1:1™mixture,™is™inserted™into
the system of equations, solving for A and B (24.165 and
76.92). 50/24.165 � 2.068 � Norm 1 for m/z 632.5;
50/76.92 � 0.65 � Norm 1 for m/z 478.5. This normal-
ization accounts for various factors, including differ-
ences™in™the™isomer’s™ionization™efficiency™[24].™After
normalizing, these values are converted to the calcu-
lated™percentages™by™dividing™each™value™by™the™sum™of
the two values. Thus, the molar percent of T3 and rT3 in
the mixture is obtained.
To demonstrate the utility of the above equations for

quantitative™analysis™of™T3™and™rT3,™a™series™of™two
component mixtures were prepared with variable con-
centrations of each of the isomers. These were analyzed,
and the percent of each of the isomers in the mixture
was™calculated™(Table™1).)™Figure™4a–™d™show™the™MS2

spectra of T3 and rT3 mixtures with various molar
ratios. Clearly, the relative abundance of ion atm/z 632.5
increases with increasing T3 concentration. Conversely,
the™relative™abundance™of™ion™at™m/z 478.5™decreases
with decreasing rT3 concentration. The results reveal
that the quantification procedure works quite effec-
tively for any ratio of T3 and rT3. The error for all of the
samples was very small (� 1.6%), establishing the
utility of this method for quantitative analysis of T3 and
rT3 mixtures.

Application to the Quantitative Analysis
of Human Serum Samples

Having demonstrated the effectiveness of this quantita-
tive analysis method on for T3 and rT3 mixtures, we
applied this method to the analysis of human serum
containing natural levels of thyroxine. Due to the com-
bined reversed-phase and strong anion-exchange char-
acter of the Oasis MAX SPE cartridge, it is well suited
for isolation of acidic substances from serum, such as T4

[13].™Because™the™acidity™of™T3™and™rT3™are™very™similar
to that of T4, we used Oasis MAX SPE cartridge to
extract T3 and rT3 for direct analysis by ESI-MS/MS.
The results indicate that the present method shows
good™reproducibility™and™precision™(Table™2),™and™that
the molar percents of T3 and rT3 in human serum are
81.5 � 2.4 and 18.5 � 2.4, respectively, with a T3/rT3
ratio of 4.5 � 0.7. This ratio agrees with the ratio in
normal™human™serum™obtained™by™Santini™et™al.™[25].

Conclusions

Quantification of the molar ratio of T3 to rT3 is an
important initial step toward increased understanding
of the relation between the metabolism and biological
functions of the thyroid hormones. In the present study,
MS2 spectra in either negative ionization mode or
positive ionization mode can be used to differentiate T3
and rT3. MS2 experiments reveal that in the negative
ionization mode the distinguishing product ions for T3
and rT3 are also the most abundant ions in their
respective spectra. Therefore, the ions at m/z 632.5 and
478.5 in MS2 spectra in negative ionization mode were
selected to establish a protocol for quantification of the
T3 and rT3 mixtures. Good precision and accuracy was
demonstrated, and then the protocol was applied to
human serum. The results suggest that the described
method can be used to analyze T3 and rT3 from other
animal sera as well as from human serum.

Acknowledgments
This research was supported by NIH grant EY 000952.

References
1. Lum, S. M.; Nicoloff, J. T.; Spencer, C. A.; Kaptein, E. M.
Peripheral Tissue Mechanism for Maintenance of Serum Tri-
iodothyronine Values in a Thyroxine-Deficient State in Man.
J. Clin. Invest. 1984, 73, 570–575.

2. Chopra, I. J. Nature, Source, and Relative Significance of
Circulation Thyroid Hormones. In Werner and Ingbar’s the
Thyroid, 7th ed.; Braverman, L. E.; Utiger, R. D., Eds.; Lippin-
cott-Raven Publishers: Philadelphia and New York, 1996, p
111.

3. Chopra, I. J. An Assessment of Daily Production and Signifi-
cance of Thyroidal Secretion of 3,3=,5=-Triiodothyronine (re-
verse T3) in Man. J. Clin. Invest. 1976, 58, 32–40.

Table 2. Results of the T3 and rT3 in human serum

Sample
Molar percent of

T3 (%)
Molar percent

of rT3 (%)
Molar ratio

(T3/rT3)

1 79.6 20.4 3.9
2 82.3 17.7 4.6
3 84.8 15.2 5.6
4 78.1 21.9 3.6
5 82.7 17.3 4.8
6 81.2 18.8 4.3
Avg. � SD 81.5 � 2.4 18.5 � 2.4 4.5 � 0.7

1785J Am Soc Mass Spectrom 2005, 16, 1781–1786 QUANTIFYING TRIIODOTHYRONINES BY ESI-MS/MS



4. Ball, S. G.; Sokolov, J.; Chin, W. W. 3,5-Diiodo-L-Thyronine
(T2) has Selective Thyromimetic Effects in Vivo and in Vitro. J.
Mol. Endocrinol. 1997, 19, 137–147.

5. Kohrle, J.; Spanka, M.; Irmscher, K.; Hesch, R. D. Flavonoid
Effects on Transport, Metabolism, and Action of Thyroid
Hormones. Prog. Clin. Biol. Res. 1988, 280, 323–340.

6. Leonard, J. L.; Keohrle, J. Intracellular Pathways of Iodothy-
ronine Metabolism. InWerner and Ingbar’s The Thyroid, 7th ed.;
Braverman, L. E.; Utiger, R. D., Eds.; Lippincott-Raven Pub-
lishers: Philadelphia and New York, 1996; p 125.

7. Kelly, G. S. Peripheral Metabolism of Thyroid Hormones: A
Review. Altern. Med. Rev. 2000, 5, 306–333.

8. Soldin, S. J. Digoxin—Issues and Controversies. Clin. Chem.
1986, 32, 5–12.

9. Soldin, S. J.; Papanastasiou-Diamandi, A.; Heyes, J.; Ling-
wood, C.; Olley, P. Are Immunoassays for Digoxin Reliable?
Clin. Biochem. 1984, 17, 317–320.

10. Murthy, J. N.; Yatscoff, R. W.; Soldin, S. J. Cyclosporine
Metabolite Cross-Reactivity in Different Cyclosporine Assays.
Clin. Biochem. 1998, 31, 159–163.

11. Soldin, S. J.; Steele, B. W.; Witte, D. L.; Wang, E.; Elin, R. J.
College of American Pathologists Study. Lack of Specificity of
Cyclosporine Immunoassays. Results of a College of American
Pathologists Study. Arch. Pathol. Lab. Med. 2003, 127, 19–22.

12. Hopley, C. J.; Stokes, P.; Webb, K. S.; Baynham, M. The
Analysis of Thyroxine in Human Serum by an “Exact Match-
ing” Isotope Dilution Method with Liquid Chromatography/
Tandem Mass Spectrometry. Rapid Commun. Mass Spectrom.
2004, 18, 1033–1038.

13. Van Uytfanghe, K.; Stockl, D.; Thienpont, L. M. Development
of a Simplified Sample Pretreatment Procedure as Part of an
Isotope Dilution-Liquid Chromatography/Tandem Mass
Spectrometry Candidate Reference Measurement Procedure
for Serum Total Thyroxine. Rapid Commun. Mass Spectrom.
2004, 18, 1539–1540.

14. Soukhova, N.; Soldin, O. P.; Soldin, S. J. Isotope Dilution
Tandem Mass Spectrometric Method for T4/T3. Clin. Chim.
Acta. 2004, 343, 185–190.

15. Soldin, O. P.; Tractenberg, R. E.; Soldin, S. J. Differences
Between Measurements of T4 and T3 in Pregnant and Non-
pregnant Women Using Isotope Dilution Tandem Mass Spec-
trometry and Immunoassays: Are there Clinical Implications?
Clin. Chim. Acta. 2004, 347, 61–69.

16. Soldin O. P.; Tractenberg, R. E.; Hollowell, J. G.; Jonklaas, J.;
Janicic, N.; Soldin, S. J. Trimester-Specific Changes in Maternal
Thyroid Hormone, Thyrotropin, and Thyroglobulin Concen-
trations During Gestation: Trends and Associations Across
Trimesters in Iodine Sufficiency. Thyroid 2004, 14, 1084–1090.

17. Tai, S. S.; Sniegoski, L. T.; Welch, M. J. Candidate Reference
Method for Total Thyroxine in Human Serum: Use of Isotope-
Dilution Liquid Chromatography-Mass Spectrometry with
Electrospray Ionization. Clin. Chem. 2002, 48, 637–642.

18. Tai, S. S.; Bunk, D. M.; White, E., the Fifth; Welch, M. J.
Development and Evaluation of a Reference Measurement
Procedure for the Determination of total 3,3=,5-Triiodothyro-
nine in Human Serum Using Isotope-Dilution Liquid Chro-
matography-Tandem Mass Spectrometry. Anal. Chem. 2004,
76, 5092–5096.

19. Simon, R.; Tietge, J. E.; Michalke, B.; Degitz, S.; Schramm,
K. W. Iodine Species and the Endocrine System: Thyroid
Hormone Levels in Adult Danio rerio and Developing Xenopus
laevis. Anal. Bioanal. Chem. 2002, 372, 481–485.

20. Desaire, H.; Leary, J. A. Detection and Quantification of the
Sulfated Disaccharides in Chondroitin Sulfate by Electrospray
Tandem Mass Spectrometry. J. Am. Soc. Mass Spectrom. 2000,
11, 916–920.

21. Desaire, H.; Leary, J. A. Differentiation of Diastereomeric
N-Acetylhexosamine Monosaccharides Using Ion Trap Tan-
dem Mass Spectrometry. Anal. Chem. 1999, 71, 1997–2002.

22. Desaire, H.; Leary, J. A. Multicomponent Quantification of
Diastereomeric Hexosamine Monosaccharides Using Ion Trap
Tandem Mass Spectrometry. Anal. Chem. 1999, 71, 4142–4147.

23. Desaire, H.; Leary, J. A. Utilization of MS3 Spectra for the
Multicomponent Quantification of Diastereomeric N-Acetyl-
hexosamines. J. Am. Soc. Mass Spectrom. 2000, 11, 1086–1094.

24. Williams, D.; Young, M. K. Analysis of Neutral Isomeric Low
Molecular Weight Carbohydrates Using Ferrocenyl Boronate
Derivatization and Tandem Electrospray Mass Spectrometry.
Rapid Commun. Mass Spectrom. 2000, 14, 2083–2091.

25. Santini, F.; Chiovato, L.; Bartalena, L.; Lapi, P.; Palla, R.;
Panichi, V.; Velluzzi, F.; Grasso, L.; Chopra, I. J.; Martino, E.;
Pinchera, A. Study of Serum 3,5,3=-Triiodothyronine Sulfate
Concentration in Patients with Systemic Nonthyroidal Illness.
Eur. J. Endocrinol. 1996, 134, 45–49.

1786 ZHANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1781–1786



<<
  /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


