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Abstract Seven typical synthetic musks were measured
in influents, effluents and sewage sludge from seven
wastewater treatment plants of Beijing in three seasons.
Galaxolide and tonalide were the dominant musks, and the
levels were medium compared with those from other
regions. Musk concentrations and galaxolide/tonalide
ratios were low in warm seasons relative to cold seasons in
both water and sludge samples. The removal efficiencies of
galaxolide and tonalide ranged in <14.3%-98.0%
and <18.5%-98.7%, respectively. The discharge of gal-
axolide and tonalide through effluents into environment
were 1.8-685.6 g/d (mean: 70.1 g/d) and 1.6-195.3 g/d
(mean: 22.9 g/d), respectively.

Keywords Synthetic musk fragrances -
Wastewater treatment plants (WWTPs) - Beijing

Synthetic musk fragrances (SMs) have been widely used as
fragrances in a variety of personal care and household
products (Carballa 2004). Polycyclic musks gradually
become the main fragrances in the world (Peck and Horn-
buckle 2006), because many nitro musks have been iden-
tified toxic. In recent years, toxic effects of polycyclic
musks are also of great concern. The potential estrogenic
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and anti-estrogenic effects of the polycyclic musks have
been proved by various in vitro or vivo experiments (Toi-
vanen et al. 2008). The continuous growth in human pop-
ulation has created a corresponding increase in the demand
for the personal care products including synthetic musks. It
is reported that 77% of the musks would drain into the sewer
system after used, and then reach wastewater treatment
plants (WWTPs) (Reiner et al. 2007). The conventional
sewage treatment plants can not be considered as effective
barriers to SMs due to their low concentrations and specific
metabolic properties of these compounds. During the
treatment process, the SMs would be transformed or
degraded, but some of them might still remain in aqueous
phase or into sludge. They would enter into ecosystem again
with the reuse of effluents and sludge. For example, disposal
of sludge in landfills and/or application as biosolids to
agriculture can contribute to contamination of the terrestrial
environment. Effluents were often discharged into river,
used to irrigate crops, or used in fish culture. Therefore,
there is considerable significance to investigate the levels of
musk concentrations in WWTPs which may be beneficial to
assess the possible risk of SMs to the environment.

In China, there are only several studies about the musks
samples which were from the WWTPs in Guangdong
province and Shanghai (Zeng et al. 2005; Zeng et al. 2007;
Zhang et al. 2008), located in the southern and southeastern
of China. There is little information about temporal trends
of SMs in WWTPs in the northern cities of China, such as
Beijing where people might have the different living style
from those in Guangdong and Shanghai. Beijing, located in
northern China, is the second largest city and capital of
China, densely populated with up to 20 million inhabitants
(including native and nonnative). In the present study,
samples from seven main WWTPs of Beijing were col-
lected in three seasons and seven typical SMs were
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measured. The object of the present study is to provide the
fundamental data on the levels of SMs, understand the
removal efficiencies of SMs in WWTPs of Beijing and
investigate the mass flows of musks discharged into envi-
ronment through effluents. Moreover, seasonal variations
and relationships between musk concentrations and some
factors, such as the size of the treatment plant and the size
of population, were also examined.

Materials and Methods

The standard solutions containing Tonalide (AHTN; 7-acetyl-
1,1,3,4,4,6- hexamethyl-1,2,3,4-tetrahydronaphthalene),
Galaxolide (HHCB; 1,3,4,6,7,8-hexahydro-4,6,6, 7, 8, 8-hex-
amethylcyclopenta (g) -2-benzopyran), Celestolide (ADBI;
4-acetyl-1,1-dimethyl-6-tert- butylindan), Phantolide (AHMI;
6-acetyl-1,1,2,3,3,5-hexamethylindan), Traseolide (ATII;
S-acetyl-1,1,2,6-tetramethyl-3-isopropylindan), musk ketone
(MK) and musk xylene (MX) were obtained from Dr.
Ehrestorfer (Augsburg, Germany). Surrogate standard ds-
AHTN and internal standard (HCB) '*C¢ were purchased
from Dr. Ehrestorfer (Augsburg, Germany). Dichloro-
methane (DCM), n-hexane, acetone were of high-perfor-
mance liquid chromatography (HPLC) grade and
purchased from J. T. Barker (Phillipsburg, NJ, USA). C-18
discs were from Supeclo (@ 47 mm, Bellefonte, USA).
Anhydrous sodium sulfate, neutral Al,O; and silica gel
(100-200 mesh) were baked at 450°C for 4 h prior to use.

A total of 45 samples, including 17 influent samples, 16
effluent samples and 12 sludge samples were collected
from seven municipal wastewater treatment plants in Bei-
jing. Sampling was performed once in each WWTP on
January 15, May 28 and September 24 in 2008, respec-
tively. In this study, the concentrations presented are for
24 h composite samples at every sampling time. The water
samples were filtered through nylon film (0.45 pm). The
sewage sludge was freeze-dried, ground, and homogenized
by sieving through a stainless-steel, 75-mesh (pore size,
0.5 mm) sieve. The filtered sewage and freeze-dried sludge
were stored at —20°C until analysis.

The extraction method of water sample is as follows.
Briefly, after the addition of 10 ng d3-AHTN as surrogate
standard, water samples (500 ml) were extracted and
concentrated by solid phase extraction using a C-18 disc.
The disc was conditioned with 25 ml of methanol and
20 ml of ultrapure water subsequently before use, followed
by loading steps, and dried under gentle N, flow. The
enriched compounds were eluted with 25 ml of n-hexane
and 15 ml of n-hexane/DCM (1:1, V/V) consecutively. The
two fractions were combined and concentrated to 1 ml.
(HCB) '’Cg was added as internal standard prior to
GC-MS analysis. The sewage sludge was extracted using

an accelerated solvent extraction system (ASE) (Dionex
350, Dionex Corporation). 34 ml of ASE extraction cell
was first filled with approximately 4 g of activated silica
(100-200 mesh) followed by approximately 28 g of
anhydrous Na,SO4/0.1 g of sludge mixture. The surrogate
standard (20 pl of a 100 pg/L solution of deuterated ds-
AHTN in acetone) was added at the top of extraction cell.
The ASE cell was placed on the ASE unit and extracted
with CgH,4:CH,Cl, (1:1 V/V) at 60°C and 1500 psi in static
mode for 15 min. The process was repeated twice. The
extract was cleaned up with activated copper (activated
with 10% hydrochloric acid, analytical grade), then passed
through a glass chromatography column (1 cm id. X
15 cm) which was equiped with Teflon stopcock and
packed with glass wool and 6 g anhydrous sodium sulfate
to removal copper granules and water. The final extract
was concentrated to 0.5 ml and solvent was exchanged into
n-hexane. The n-hexane phase was passed through a glass
chromatography column (1 cm i.d. x 15 cm) which was
fitted with Teflon stopcock and packed consecutively with
glass wool, 2 g activated neutral Al,O3, 2 g activated silica
gel and 0.5 g anhydrous sodium sulfate for cleaning up.
Prior to use, the column was conditioned with 5 ml of
n-hexane. Elution was performed with n-hexane (5 ml),
hexane/dichloromethane (2:1) (20 ml), hexane/dichloro-
methane (1:2) (30 ml) and hexane/dichloromethane (1:3)
(20 ml) subsequently. The combined eluate was collected
and concentrated to 1 ml. Prior to GC-MS analysis, the
internal standard HCB '3Cs was added. The GC-MS
analysis was carried out by an Agilent 7890GC/5975MSD
system with electron ionization and a quadrupole mass
detector using selected ion monitoring (SIM) mode (Agi-
lent, USA). The ions monitored for ADBI were m/z 229,
224 and 173; for AHMI they were m/z 229, 224, and 187,
for HHCB they were m/z 243, 258 and 213; for AHTN they
were m/z 258, 243 and 148; for ATII they were m/z 215,
258, and 173; for MX they were m/z 282, 297, and 207; for
MK they were 294 and 279 and for d;-AHTN they were
m/z 246 and 261. The first ion in each group was used
for quantification. Besides, the ion for HCB l3C6 was 290.
A 30m 5% phenyl methyl siloxane capillary column
(HP-5MS; 0.25 mm ID, 0.25 um film thickness) was used
for separation of target analyte. The column temperature
was programmed as follows: run at 90°C, held for 2 min,
with a rate of 10°C/min to 170°C, 1°C/min to 180°C, 30°C/
min to 270°C and held for 7 min. One microlitre was
injected splitless at 250°C. The transfer line temperature
was 280°C, and source temperature was 230°C.
d;-AHTN and HCB 13C6 were used as surrogate standard
and internal standard, respectively. Recoveries of the
d3-AHTN in sewage and sludge were in the range of
89.7%—104.9%. HCB '*C, was used to quantify musk con-
centrations in sample extracts. The reported concentrations
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of samples had been corrected using recovery of d;-AHTN,
which would be spiked into samples before pretreatment.
For calibration purposes, six different concentrations of
synthetic musk compounds were analyzed by GC-MS. A
standard calibration was performed. Correlation coefficient
R* are >0.99. Matrix spike recovery studies were carried
out. In sludge, recoveries of seven spiked synthetic musk
fragrances (2 ng each of standard) ranged from 83.6% to
105.1%, and RSD ranged from 3.2% to 9.8%. The limits of
detection (LODs) were based on a signal-to-noise ratio of 5.
LODs were 3.3 ng/g (sludge samples) and 1.2 ng/l (sewage
samples), respectively. To avoid the possible contamina-
tion, all glassware was soaked in K,Cr,O;—H,SO, lotion
for at least 12 h, and all equipment was rinsed with acetone
in advance. A procedural blank was processed with each
batch of 6 samples. Furthermore, a field blank was included
during sampling in each treatment plant every time. The
concentrations of all synthetic musk fragrance were below
detection limits in all of the blank samples.

Differences in musk concentrations in sewage and
sludge samples between different groups (such as sampling
time and plants) were calculated using the nonparametric
tests (U Kruskal-Wallis test). A p-value below 0.05 was
considered significant. All the statistical analyses were
performed by the software of SPSS 13.0.

Results and Discussion

Two polycyclic musks, HHCB and AHTN, were observed
in all the water samples. The concentrations of HHCB and
AHTN in influents were in the ranges of 30.9-3,038.97 ng/
1, and 28.61-1,486.1 ng/l, respectively. This result was
similar with those reported in Guangdong province of China
(Zeng et al. 2007)(HHCB: 1,010-3,080 ng/l and AHTN:
120-160 ng/l) and in Austria (HHCB: 830-4,443 ng/l;
AHTN 210-1,106 ng/l) (Clara et al. 2005) and slightly
higher than those in Netherlands (Artola-Garicano et al.
2003)(HHCB  790-1,630 ng/l; 210480 ng/l AHTN).
Besides, Carballa et al. (2004) have reported similar values
(HHCB: 2,100-3,400 ng/l; AHTN: 900-1,700 ng/l) in raw
influents from Spanish WWTPs which included particle and
filtered sewage. As a result, the HHCB and AHTN con-
centrations of raw influents in Beijing would be higher than
those in Spain. Effluent dissolved concentrations (HHCB;
30.4-685.62 ng/l and AHTN 14.26-195.3 ng/l) in the
present study also exhibited comparable values with the raw
concentrations in Spain (Carballa et al. 2004) and dissolved
concentrations in Austria and Netherlands (Clara et al.
2005; Artola-Garicano et al. 2003). Therefore, our total
concentrations would be higher than those from Spain.
Nevertheless, the results in the present study were slightly
low relative to those in WWTPs in Guangdong (HHCB;
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950-2,250 ng/l and AHTN 100-140 ng/l) (Zeng et al.
2007). Unlike HHCB and AHTN, other SMs were not fre-
quently detected. Especially, AHMI, ADBI and ATII were
not detected in all sewage specimens in the study. MK was
found in five of influent and five of effluent samples, and
MX could be detected in six influents. Surprisingly, the
existence of MK was not regular. MK could be detected in
certain effluent samples, while it was absent in the corre-
sponding influent samples. MX concentrations in influents
were in the range of < LOQ-22.95 ng/l. MK ranged in
52.25-165.8 and 22.77-91.6 ng/l in influents and effluents,
respectively. Furthermore, we investigated the difference of
musk influent concentrations between plants, and no
apparent statistical significance was discerned (p > 0.05).
In the present study, five of the seven SMs (except AHMI
and ADBI) have been detected in sludge samples. HHCB,
AHTN and MK were found in all the samples. The level
of the three SMs followed the order of HHCB >
AHTN > MK, and the corresponding concentrations were
in the ranges of 0.26-12.59 mg/kg (dw), 0.01-2.56 mg/kg
(dw) and 0.13-0.53 mg/kg (dw), respectively. The con-
centrations of HHCB and ATHN in this study were similar
with those in Guangdong of China (HHCB; 5.4-21 mg/kg
and AHTN; 0.72-6.2 mg/kg) (Zeng et al. 2005) and slightly
higher than those in Nertherlands (HHCB: 0.03-0.234;
AHTN: 0.012-0.234) (Artola-Garicano et al. 2003). The
feature agreed well with those observed in influents and
effluents. Furthermore, the results in the present study were
similar with those in Kentucky and Georgia (HHCB;
0.02-36 mg/kg and AHTN; 0.02-7.2 mg/kg) (Horii et al.
2007) and lower than those in Switzerland (HHCB; 7.4-36
and AHTN; 2.5-11 mg/kg) (Kupper et al. 2004) and Korean
(HHCB; 0.52-82.0 mg/kg and AHTN; 0.12-28.8 mg/kg)
(Guo et al. 2010). MX and ATII were detected at low
concentrations and frequencies. ATII could be detected in
ten of twelve samples, ranging from 0.015 to 0.3 mg/kg.
MX could be found only in five of twelve samples and all of
them were under LOQ. On Sep 24, the highest of HHCB
and AHTN sludge concentrations was found in samples of
BJ¢ followed by BJ,, while the lowest was from BJ;. On Jan
15, the highest concentrations were from BJ; and BJ,, while
the lowest were from BJg. Furthermore, AHMI and ADBI
were not nearly detected in the sludge samples. The char-
acter was similar with those found in Guangdong province
of China.

To understand the relationships between HHCB and
AHTN, correlation tests were conducted. The results
indicated that significant positive correlation coefficients
existed not only in influent water samples but also in
sewage sludge samples in all the sampling seasons
(p < 0.05), suggesting the co-exposure of HHCB and
AHTN in Beijing. There was no significant difference
between the ratios of HHCB to AHTN concentrations in
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different plants (p > 0.05). The ratios of HHCB to AHTN
concentrations were 5.34 +£1.39, 2.02 £ 0.85 and
3.09 £ 0.52 in influents on Sep 24, May 28 and Jan 15,
respectively. They were 4.61 + 2.83 and 2.22 4+ 0.51 in
sewage sludge on Sep 24 and May 28, respectively. It
should be noted that ratios of HHCB to AHTN concen-
trations were similar between in influents and sewage
sludge in the same season. This feature is similar with
those observed by Yang and Metcalfe (2006) and different
from those reported by Horii et al. (2007) who presented
that the ratios in sewage sludge were larger than those in
sewage water. Moreover, we could found that the ratio of
HHCB to AHTN concentrations in June were smaller than
that from other sampling seasons. The phenomena were in
good agreement with those found by Ricking et al. (2003)
that HHCB is easier biodegradability than AHTN. The
similar conclusion has been also obtained in the air samples
in the North Sea and Arctic (Xie et al. 2007). Compared
with other results, our values (2-6) of HHCB/AHTN
concentrations were similar with those found in Canadian
samples (2.7-6.1) (Yang and Metcalfe 2006), which were
collected in all the seasons. Interestingly, we found that the
most ratios obtained in environmental matrixes, such as
influents, effluents, sewage sludge, sediments, rivers,
streams, air and so on were nearly not more than 6 (Xie
et al. 2007; Lee et al. 2010; Yang and Metcalfe 2006; Zeng
et al. 2007). In effluent samples, there was no significant
relationship between concentrations of HHCB and AHTN
(»p > 0.05). The phenomena indicated that the removal
efficiency of HHCB and AHTN was different during the
treatment process.

Concentrations of synthetic musks in the WWTPs would
vary over three sampling time, Jan 15, May 28 and Sep 24.
Different WWTPs exhibit different characters. According
to the Kruskal-Wallis test, there was significant difference
in HHCB and AHTN concentrations in influent samples of
five plants (except BJ; and BJs) between different sampling

time (p < 0.05) (see Fig. 1). The five plants exhibit low
HHCB and AHTN concentrations in influent samples on
May 28 relative to other sampling time. In Beijing, the
average temperature when we sampled were —4.3, 22 and
16°C on Jan 15, May 28 and Sep 24, respectively. There-
fore, we could conclude that the levels of SMs were low in
warm seasons compared with cold seasons. This feature
was similar with those reported by Yang and Metcalfe
(2006), and similar phenomena were also found in streams
(Kristin and Wilhelm 2008) and lakes (Peck and Horn-
buckle 2006). Peck and Hornbuckle (2006) attributed lower
concentrations in warm seasons to higher temperature and
higher intensity of solar radiation. This explanation may be
identified by the fact that HHCB and AHTN concentrations
were also lower in all of effluent samples in warmer sea-
sons than those in other seasons (p < 0.05) (see Fig. 1).
Analysis of air samples in WWTPs may provide further
information in this regard. However, HHCB and AHTN
concentrations in influent samples of Plant BJ;and BJs
were higher in warm season than those in cold seasons.
These phenomena had also been found in Plant A in
Kentucky and Georgia reported By Horii et al. (2007). The
character may be explained by the possible presumption
that musks were so much frequently used in warmer sea-
sons that influence of musk loss was neglected in the two
Plants. Besides, although the concentrations of HHCB and
AHTN in influents of Plant BJ; and BJs were slightly
higher than those of other plants, there was no significant
difference (p > 0.05). In the case of sludge samples,
HHCB and AHTN concentrations on Sep 24 were also
significantly higher than those on May 28 (p < 0.05). This
pattern is similar with those in influent samples and
observed by Miiller et al. (2006) who contribute the low
concentrations in warm seasons to lower degradation and
volatilization in cold seasons.

The removal efficiencies of the musks in the different
plants may be different because of the different treatment

Fig. 1 Comparisons of Musk Influent concentrations Effluent concentrations
concentrations collected in 1,000 700 -
different $00 — [] HHCB
ifferent seasons O AHTN 600 — @ 13CE
00 500 — 0 AHTN
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400 — 300 —
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- | | B
== =
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processes and the hydraulic retention time (HRT). In this
study, the removal efficiencies of synthetic musk fragrances
by conventional treatment processes were calculated using
the following equation: R = 100 X (Cirauent — Cetfiuent)/
Cinfluent» Where R is the removal %, Cipauent 1S the concen-
tration of influent water and Cq¢quen: 18 the concentration of
treated water. Due to low detection frequencies of other
musks except HHCB and AHTN, only the removal effi-
ciencies of HHCB and AHTN were discussed in the study.
The removal efficiencies of the two compounds were in
the ranges of < 14.3% — 98.0% (HHCB) and < 18.5%
— 98.7% (AHTN), respectively. It should be mentioned
that the concentrations of HHCB and AHTN in effluents
were comparable or even higher than those in influents in
some WWTPs. For example, the effluent concentrations of
HHCB in BJ; and BJ; were similar with those in influents
on May 28, and AHTN influent concentrations were lower
than those in effluents in BJ, of Sep 24 and BJ; of Jan 15.
The phenomena might indicate that strongly effective
removal methods for SMs might be needed in the treatment
plants.

It was reported that high temperatures would reinforce
evaporation of the compounds from water phase, and
increasing intensities of solar radiation could enhance the
photo-degradation of synthetic musks (Horii et al. 2007).
Therefore, strong evaporation and photo-degradation might
result in high removal efficiencies of musks in warm sea-
sons. However, there was no significant difference in the
removal efficiencies between seasons (p > 0.05). Besides,
musk concentrations were not significantly relative with
the population observed (p > 0.05). Moreover, mass
loadings were calculated, based on the daily flow rates and
concentrations of HHCB and AHTN in effluents. The
results show that the outflow for HHCB and AHTN
through effluents discharge into environment was
1.8-685.6 g/d (mean: 70.1 g/d) and 1.6-195.3 g/d (mean:
22.9 g/d) in treatment plants in Beijing. The mean values
were higher than those obtained by Horii et al. (2007)
(HHCB: 0.67-2.9 g/d; AHTN: 2.0-7.4 g/d) and slightly
lower than those observed by Reiner et al. (2007) (HHCB:
258-319 g/d; AHTN:53.0-67.9 g/d).

Acknowledgments The present work was jointly supported by the
National Natural Science Foundation of China (No0.20837003,
20890111, 20921063) and the Major State Basic Research Develop-
ment Program of China (No.2009CB321605).

References

Artola-Garicano E, Borkent I, Hermens JLM, Vaes WHI (2003)
Removal of two polycyclic musks in sewage treatment plants:

@ Springer

freely dissolved and total concentrations. Environ Sci Technol
37:3111-3116

Carballa M, Omil F, Lema JM, Llompart M, Garci-Jares C, Rodriuez
I, Gomez M, Ternes T (2004) Behavior of pharmaceuticals,
cosmetics and hormones in a sewage treatment plant. Water Res
38:2918-2926

Clara M, Strenn B, Gans O, Martinez E, Kreuzinger N, Kroiss H (2005)
Removal of selected pharmaceuticals, fragrances and endocrine
disrupting compounds in a membrane bioreactor and conventional
wastewater treatment plants. Water Res 39:4797-4807

Guo R, Lee IS, Kim UJ, Oh JE (2010) Occurrence of synthetic musks
in Korean sewage sludges. Sci Total Environ 408:1634-1639

Horii Y, Reiner JL, Loganathan BG, Senthil Kumar K, Sajwan K,
Kannan K (2007) Occurrence and fate of polycyclic musks in
wastewater treatment plants in Kentucky and Georgia, USA.
Chemosphere 68:2011-2020

Kristin Q, Wilhelm P (2008) Organophosphates and synthetic musk
fragrances in freshwater Streams in Hessen/Germany. Clean-Soil
Air Water 36:70-77

Kupper T, Berset JD, Etter-Holzer R, Furrer R, Tarradellas J (2004)
Concentrations and specific loads of polycyclic musks in sewage
sludge originating from a monitoring network in Switzerland.
Chemosphere 54:1111-1120

Lee I-S, Lee S-H, Oh JE (2010) Occurrence and fate of synthetic
musk compounds in water environment. Water Res 44:214-222

Miiller J, Bohmer W, Th.litz N (2006) Occurrence of polycyclic
musks in sewage sludge and their behaviour in soils and plants.
Part 1: Behaviour of polycyclic musks in sewage sludge of
different treatment plants in summer and winter. J Soils
Sediments 6:231-235

Peck AM, Hornbuckle KC (2006) Synthetic musk fragrances in urban
and rural air of Iowa and the great lakes. Atmos Environ
40:6101-6111

Reiner J, Berset J, Kannan K (2007) Mass flow of polycyclic musks in
two wastewater treatment plants. Arch Environ Contam Toxicol
52:451-457

Ricking M, Schwarzbauer J, Hellou J, Svenson A, Zitko V (2003)
Polycyclic aromatic musk compounds in sewage treatment plant
effluents of Canada and Sweden-first results. Mar Pollut Bull
46:410417

Toivanen N, Toimela T, Tahti H (2008) Effect of polycyclic musks on
the aromatase activity in JEG-3 chorion carcinoma cells. Toxicol
Lett 180:S118-S118

Xie Z, Ebinghaus R, Temme C, Heemken O, Ruck W (2007) Air-Sea
Exchange Fluxes of synthetic polycyclic musks in the North Sea
and the Arctic. Environ Sci Technol 41:5654-5659

Yang JJ, Metcalfe CD (2006) Fate of synthetic musks in a domestic
wastewater treatment plant and in an agricultural field amended
with biosolids. Sci Total Environ 363:149-165

Zeng X, Sheng G, Xiong Y, Fu J (2005) Determination of polycyclic
musks in sewage sludge from Guangdong, China using GC-EI-
MS. Chemosphere 60:817-823

Zeng X, Sheng G, Gui H, Chen D, Shao W, Fu J (2007) Preliminary
study on the occurrence and distribution of polycyclic musks in a
wastewater treatment plant in Guandong, China. Chemosphere
69:1305-1311

Zhang XY, Yao Y, Zeng X, Qian G, Guo Y, Wu M, Sheng GY, Fu
JM (2008) Synthetic musks in the aquatic environment and
personal care products in Shanghai, China. Chemosphere
72:1553-1558



	Assessment of Synthetic Musk Fragrances in Seven Wastewater Treatment Plants of Beijing, China
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


