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Abstract Concentrations of 12 perfluorinated compounds

(PFCs) were measured in 21 representive water, sediment

and soil samples from Guanting Reservoir and vicinity.

Perfluorooctanoic acid (PFOA) was the predominant PFCs

with concentrations of 0.55–2.3 ng/L, \LOQ to 0.68 ng/g

dw and \LOQ to 2.8 ng/g dw in water, sediment and soil,

respectively. Perfluorododecanoic acid (PFDoA) was fre-

quently detected in solid matrices, with concentrations of

\LOQ to 0.18 ng/g dw in sediment and 0.13–0.26 ng/g

dw in soil. PFCs were detected in all environmental

matrices sampled, but concentrations found throughout the

watershed were less than those reported from other

locations.

Keywords PFOS � PFOA � Exposure � Composition �
Risk � Hazard

Due to their unique amphiphylic properties, perfluorinated

compounds (PFCs) have been used in a variety of appli-

cations such as surfactants and surface protectors (Kissa

2001; Giesy and Kannan 2002). Widespread application as

well as environmental persistence and bioaccumulation of

terminal degradation products of PFCs has resulted in

global occurrence in air (Dreyer 2009; Chaemfa et al.

2010); water and sediment (Rayne and Forest 2009); as

well as wildlife (Houde et al. 2006).

Guanting Reservoir (GTR) is Beijing’s second largest

source of water for agricultural and industrial purposes, and

was also used for drinking water until 1997. Since then,

industrial pollution and contamination from farming have

substantially degraded the quality of water in this reservoir.

Contaminations of HCH, DDT, PAHs and metals and

metalloids in water, sediment and soil from this watershed

were reported in previous studies (Wang et al. 2005; Luo

et al. 2007; Jiao et al. 2009). Previous reports have focused

on traditional persistent toxic substances (PTS) with little

information available for emerging PTS such as PFCs.

Concentrations of PFCs in environmental matrices sur-

rounding GTR are scarce. Hence there was a need for a

thorough investigation and assessment of PFCs in water,

sediment and soil around GTR, to determine the critical

contaminants and their sources, so that GTR can be reha-

bilitated. The objectives of this study were to determine

concentrations and distribution of PFCs in environmental

matrices to identify potential sources, and thus provide

information for future management and remediation efforts

in the GTR.
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Materials and Methods

Each of seven of waters, soils and sediments, totaling 21

samples, were collected from the GTR and surrounding

area during May of 2008 (Fig. 1). One liter of surface

water was collected by dipping a clean, methanol-rinsed

1 L polypropylene (PP) bottle just under the surface of the

water. Residual chlorine in each water sample was reduced

by adding 200 lL of 200 mg/mL of a sodium thiosulfate

solution using a disposable PP syringe. Surface (top

1–10 cm) soil and sediment samples were collected using a

clean methanol rinsed stainless steel trowel. Representative

composites were prepared by mixing five sub-samples from

the area of about 5 m2. Samples were transferred and

stored in clean PP bags. Sample duplicates and field blanks

were collected daily, and were analyzed along with labo-

ratory and procedural blanks. All samples were stored on

ice for transport to the laboratory and frozen at -20�C until

analyses.

Water samples were extracted using Oasis HLB solid

phase extraction cartridges (0.2 g, 6 cm3) (Waters Corp.,

Milford, MA) as previously reported (So et al. 2004).

Cartridges were preconditioned by eluting with 10 mL of

100% methanol followed by 10 mL of nano-pure water at a

rate of 2 drops a second. A 500 mL aliquant of water was

spiked with 500 lL of 5 ng/mL of the internal standard

(PFOS [18O2] and PFOA [1,2,3,413C], [98%, (Wellington

Laboratories, Guelph, ON, Canada) and then loaded onto

the cartridge, at a rate of 1 drop a second. Cartridges were

then washed with 5 mL of 40% methanol in water and

allowed to run dry. Target compounds were eluted with

10 mL of methanol at a rate of 1 drop per second and

collected in a 15 mL PP centrifuge tube. The eluate was

then reduced to 1 mL under a gentle stream of nitrogen

gas, and filtered using a disposable PP syringe, fitted with

nylon membrane Millex filter unit (pore diameter 0.2 lm,

Whatman, Maidstone, United Kingdom). Soils and sedi-

ments were extracted using a method similar to that

described by Higgins et al. (2005). Samples were freeze-

dried, homogenized and passed through a 2.0 mm sieve.

Approximately 1.0 g samples were transferred to a clean

50-mL PP centrifuge tube, and spiked with 500 lL of a

5 ng/mL internal standard, to which 10 mL of a 1% acetic

acid solution was added. Each tube was then vortexed, and

placed in a heated sonication bath for 15 min at 60�C.

After sonication the tubes were centrifuged at 3,000 rpm

for 3 min and the acetic acid solution was decanted into a

new clean 50-mL PP tube. An aliquant of 2.5 mL of a

90:10 (v/v) methanol and 1% acetic acid mixture was then

added to the original vial and the vial was again vortex

mixed and sonicated for 15 min, before being centrifuged

and decanted into the second tube. This process was

repeated once more, and a final 10 mL acetic acid wash

was preformed. All extracts were combined in the second

tube before being passed through the SPE cartridge in a

similar fashion as described above in the water extraction

procedure. Sample extracts were stored and analyzed in PP

auto-sampler vials.

A HP 1200 (Agilent Technologies) high performance

liquid chromatography system (HPLC) was used for sep-

aration of all target analytes. The HPLC was fitted with a

Thermo Scientific Betasil C18 (100 9 2.1 mm, 5 lm par-

ticle size) analytical column, and a suitable guard column

was used to prevent instrument and elute background

contamination. Ammonium acetate (2 mM) was added as

an ionization aid to methanol which was used as the

mobile phases. Gradient conditions were as follows: Flow

rate of 300 mL/min; 10 lL injection volume; Gradient

began with 60% A (2 mM ammonium acetate) and 40% B

(100% methanol) and was held for 2 min and then ramped

to 20% A at 18 min, held until 20 min, decreased to 0% A

at 21 min, increased to 100% A at 22 min, held until

22.5 min, returned to initial conditions at 23 min, and

finally held constant until 26 min. The temperature of the

column oven was kept constant at 35�C. Mass spectra

were collected using an Applied Biosystems SCIEX 3000

(Foster City, CA) tandem mass spectrometer, fitted with

an electrospray ionization source, operated in negative

ionization mode. Chromatograms were recorded using a

multiple reaction monitoring mode (MRM) with a dwell

time of 40 ms. The following instrument parameters were

used: desolvation temperature (450�C), desolvation (cur-

tain) gas 6.0 arbitrary units (AU); nebulizer gas flow 5

AU; ion spray voltage -3,500 V; and collision gas 12 AU.

The optimal settings for collision energies and decluster-

ing potential were determined for each analyte’s

transitions.

Fig. 1 Sampling locations for soil samples (filled circle), water and

related sediment (filled triangle) around the Guanting Reservoir,

China
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In order to ensure accuracy of sampling, extraction, and

analytical procedures, field blanks were obtained and

analyzed with each set of water samples analyzed. Proce-

dural blanks and recoveries were determined for each set of

extractions. Quantification was performed using the inter-

nal standard method based on 18O2-PFOS and 13C4-PFOA

as the surrogate. All field and laboratory blanks were less

than the limit of quantification (LOQ), where the LOQ was

defined as 5 times the background noise. The use of Tef-

lon�-coated lab-ware was avoided during all steps of

sample preparation and analysis to minimize contamination

of the samples. HPLC grade methanol and ammonium

acetate were purchased from J.T. Baker (Phillipsburg, NJ,

USA). Analytical grade sodium thiosulfate was purchased

from EMD Chemicals (Gibbstown, NJ, USA). The ions

monitored, method detection limit (MDL), and matrix

spike recoveries for all of the chemicals of interest are

summarized (Table 1).

Results and Discussion

Although 12 PFCs were investigated, only six, PFOS,

PFOA, perfluoroheptanoic acid (PFHpA), perfluorodeca-

noic acid (PFDA), perfluorododecanoic acid (PFDoA) and

perfluorohexanoic acid (PFHxA) were detected in water

from GTR, PFOS and PFOA were the predominate PFCs in

water (Table 2). Concentrations of PFOS and PFOA ran-

ged from\LOQ to 0.52 ng/L and from\LOQ to 2.3 ng/L,

respectively. The greatest and second greatest concentra-

tions of
P

PFCs (3.1 and 3.0 ng/L) occurred at locations

G2 and G4, with correspondingly greater concentrations of

PFOS and PFOA. The greatest concentration of PFOA

(2.3 ng/L) and relatively greater concentrations of PFOS

(0.34 ng/L) were observed at G2. This sample was col-

lected from a river in the Beixinpu region, which has

intensive agricultural activities (Orchard and facility agri-

culture) with significant pesticide applications every year.

Greater concentrations of HCH, DDT and heavy metals

were also observed in soils near this location (Wang et al.

2005; Luo et al. 2007), which suggests local sources of

pollution from agricultural run-off. Location G4, is in a

wetland catchment used to treat industrial and agricultural

runoff from the Yanghe River. The greatest concentration

of PFOS (0.52 ng/L) and greater concentrations of PFOA

(1.8 ng/L) observed at location G4 most likely resulted

from local releases of treated sewage effluents.

Compared to the results of previous studies, concentra-

tions of PFOS and PFOA in water from GTR were slightly

greater than those from the offshore of Japan (0.04–0.07

and 0.14–1.1 ng/L) and oceanic samples including the

Western Pacific Ocean (0.054–0.078 and 0.136–0.142 ng/L),

Central to Eastern Pacific Ocean (0.001–0.02 and

0.015–0.062 ng/L) and North Atlantic Ocean (0.009–0.036

and 0.160–0.338 ng/L) (Yamashita et al. 2005), while

either comparable to or less than those detected in Yichang

(0.29–0.61 and 4.1–4.9 ng/L), Nanjing (0.33–0.38 and

2.1–2.4 ng/L) and Hong Kong (0.09–3.1 and 0.73–5.5 ng/L)

in China (So et al. 2004, 2007) and South Korea coast

(0.04–2.53 and 0.24–11.4 ng/L) (Yamashita et al. 2005). In

the present study, maximum concentrations of PFOS

(0.52 ng/L) and PFOA (2.3 ng/L) were several orders of

magnitude less than those measured in Tokyo Bay, Japan

(0.78–17 and 2.7–63 ng/L) and the Korea coast (4.11–450

and 2.95–68.6 ng/L) (Naile et al. 2010; Sakurai et al.

2010). Although PFOS and PFOA were the predominant

Table 1 Quality assurance of 12 target PFCs including limit of quantification (LOQ), method detection limit (MDL) and matrix spike recovery

(MSR) for water, sediment and soil

Analyte Acronym LOQ MDL MSR

W (ng/L) S (ng/g) W (ng/L) S (ng/g) W (%) S (%)

Perfluorobutanesulfonate PFBS 0.5 1 1 1 94 32

Perfluorohexanesulfonate PFHxS 0.1 0.5 0.2 0.5 136 134

Perfluorooctanesulfonate PFOS 0.1 0.5 0.2 0.5 101 95

Perfluorodecanesulfonate PFDS 0.1 0.5 0.2 0.5 101 43

Perfluorobutanoic acid PFBA 1 1 2 1 120 IS

Perfluorohexanoic acid PFHxA 0.5 0.1 1 0.1 85 79

Perfluoroheptanoic acid PFHpA 0.5 0.1 1 0.1 103 123

Perfluorooctanoic acid PFOA 0.5 0.5 1 0.5 88 89

Perfluorononanoic acid PFNA 1 1 2 1 132 135

Perfluorodecanoic acid PFDA 0.1 0.1 0.2 0.1 93 106

Perfluoroundecanoic acid PFUnA 1 0.5 2 0.5 112 53

Perfluorododecanoic acid PFDoA 1 0.1 2 0.1 77 70

W water; S soil and sediment; IS Insufficient recovery
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PFCs detected in water samples, PFDoA was detected in

approximately 60% of the samples analyzed at concentra-

tions greater than the LOQ, but concentrations of PFDoA

were generally less than those of PFOS and PFOA, with a

threshold of nd 0.29 ng/L. This indicates that in addition to

PFOS and PFOA, PFDoA should be considered in future

monitoring and risk assessments.

Concentrations of PFCs in sediments from GTR were

generally less than the corresponding MDLs (Table 2).

Total concentrations of PFCs ranged from \LOQ to

1.6 ng/g dw. Only PFOA, PFDA, PFUnA, PFDoA and in a

few samples, PFHpA and PFHxS were detected in sedi-

ments. PFOA was the dominant PFC observed in sediments

with concentrations ranging from \LOQ to 0.68 ng/g dw.

The greatest concentration of PFOA was observed at

location G6, which is at the mouth of the Yanghe River

where it enters GTR. However, concentrations of PFOA

and PFOS in sediments at locations G2 and G4 were all

less than the LOQ, which suggests that further studies

characterizing transportation and fate between water and

sediment are needed. Compared to the results of previous

studies, concentrations of PFOA in sediments from GTR

were comparable to those from the Huangpu River

(0.20–0.64 ng/g dw) and the Zhujiang River (0.09–

0.29 ng/g dw), China (Bao et al. 2010), and San Francisco

Bay, USA (0.16–0.23 ng/g dw) (Higgins et al. 2005),

whereas they were less than those of the Kyoto River,

Japan (nd 3.9 ng/g dw) (Senthilkumar et al. 2007).

Releases from various PFCs sources not only contami-

nate surface waters but it also has the ability to contaminate

soils and sediments. PFOS and PFOA have been shown to

absorb onto sediment and sludge (Higgins et al. 2005).

Therefore, soils could be another sink for PFCs. Previous

studies have reported concentrations of PFCs in water,

sediment and biota. However, there are few reports of the

occurrence, distribution, sources and risks of PFCs in soils,

especially in watersheds that are used as a source of

drinking water. Concentrations of PFCs in soils were

generally less than the LOQ, and only one location (G2)

contained detectable PFOS, PFOA, PFHpA, PFNA, PFDA,

PFUnA and PFDoA, with values of 0.86, 2.8, 1.2, 1.4, 1.9,

0.24, 0.13 ng/g dw, respectively. Again, the pervasive

PFCs observed in water and soil at location G2 suggests

possible input either from soil to surface water by runoff or

from surface water to soil by irrigation. PFDoA was

detected in 100% of soils (Table 2), with concentrations

Table 2 Concentrations of PFCs in water, sediment and soil samples collected in the Guanting Reservoir area

Sample PFOS PFOA PFHpA PFNA PFDA PFUnA PFDoA PFHxS PFCs

Water (ng/L)

G1 nd 1.1 nd nd nd nd nd nd 1.1

G2 0.34 2.3 0.22 nd nd nd 0.19 nd 3.1

G3 nd 1.1 nd nd nd nd nd nd 1.1

G4 0.52 1.8 0.19 nd 0.23 nd 0.19 nd 3.0

G5 0.14 0.88 nd nd nd nd 0.14 0.19 1.4

G6 nd 0.68 nd nd 0.18 nd 0.29 nd 1.2

G7 0.15 0.55 nd nd nd nd nd nd 0.70

Sediment (ng/g dw)

GS1 nd 0.47 nd nd 0.21 nd nd nd 0.68

GS2 nd nd nd nd nd 0.18 0.14 nd 0.32

GS3 nd 0.57 nd nd 0.22 nd 0.09 nd 0.88

GS4 nd nd nd nd nd 0.12 0.15 nd 0.27

GS5 nd 0.21 nd nd nd nd 0.18 nd 0.39

GS6 nd 0.68 0.35 nd 0.49 nd 0.09 nd 1.6

GS7 nd nd nd nd 0.16 nd nd 0.53 0.69

Soil (ng/g dw)

GL1 nd nd nd nd nd nd 0.19 nd 0.19

GL2 0.86 2.8 1.2 1.4 1.9 0.24 0.13 nd 8.5

GL3 nd nd nd nd nd nd 0.13 nd 0.13

GL4 nd nd nd nd nd 0.10 0.17 nd 0.27

GL5 nd nd nd nd 0.17 0.24 0.26 nd 0.67

GL6 nd nd nd nd nd 0.32 0.19 nd 0.51

GL7 nd nd 0.11 nd nd 0.23 0.13 nd 0.47

nd not detectable, means concentration less than LOQ
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ranging from 0.13 to 0.26 ng/g dw. The results are con-

sistent with the fact that PFDoA being found in waters and

sediments, all of which suggest a regional source of

PFDoA. There was no significant difference in trends in

concentrations of PFCs between soils and sediments. In

general, soils and sediments in the GTR contained small

amounts of PFCs. In terms of matrix-dependent accumu-

lation of PFCs, the results of the present study were similar

to those observed previously in South Korea (Naile et al.

2010).

Profiles of relative concentrations of 8 detectable PFCs

are shown (Fig. 2). Samples from the GTR region exhib-

ited completely different profiles among water, sediment

and soils. The ratio of the concentrations of PFOS to PFOA

in water has been applied to identify potential sources of

PFCs. The observation that PFOS/PFOA ratios in water

from GTR were less than 1.0 is consistent with the results

of values observed in South Korea, coastal China, and

Hong Kong (So et al. 2004, 2007). However, the ratios

were different from those reported by Naile et al. (2010)

and Rostkowski et al. (2006), which were typically greater

than 1.0. This indicates local sources of PFOA exist in the

study area. PFOA was the dominant PFC in water, con-

tributing 58%–100% of
P

PFCs, while the relative con-

tributions of PFOS and other PFCs were less. PFOA was

the predominant PFC in sediments as well, contributed up

to 68% of
P

PFCs at location G1. Greater contributions of

PFUnA and PFDoA were observed at locations G2 (54%

and 46%) and G4 (42% and 58%), because neither PFOA

nor PFOS were measured at these locations. Relatively

large portions of
P

PFCs were contributed by PFDoA and

PFUnA in soils except for location G2, while concentra-

tions of PFDoA and PFUnA were relatively small com-

pared to other detectable PFCs. This result indicates the

existence of potential sources of PFDoA and PFUnA in the

study area.

Recently, Giesy et al. (2010) calculated suggested cri-

teria maximum concentrations (CMC) for sensitive aquatic

species, such as Daphnia magna for PFOS (21 lg/L) and

PFOA (25 mg/L), and criteria continuous concentration

(CCC) for PFOS (5.1 lg/L) and PFOA (2.9 mg/L), as well

as avian wildlife values (AWV) for PFOS (47 ng/L).

Concentrations of PFOA and PFOS in surface water of the

GTR region (all ng/L level) were less than the suggested

allowable concentrations to protect aquatic life. While the

results indicate negligible risk to aquatic wildlife, several

uncertainties on the toxicities of PFCs at less concentration

exist.

Acknowledgments This study was supported by the National

Natural Science Foundation of China with Grant No. 41071355,

Environmental Protection Welfare Program under Grant No.

201009032 and the National Basic Research Program of China

(‘‘973’’ Research Program) with Grant No.2007CB407307. Portions

of the research were supported by a Discovery Grant from the

National Science and Engineering Research Council of Canada

(Project No. 326415-07).

References

Bao J, Liu W, Liu L, Jin YH, Ran XR, Zhang ZX (2010)

Perfluorinated compounds in urban river sediments from

Guangzhou and Shanghai of China. Chemosphere 80:123–130

Chaemfa C, Barber JL, Huber S, Breivik K, Jones KC (2010)

Screening for PFOS and PFOA in European air using passive

samplers. J Environ Monit 12:1100–1109

Dreyer AE (2009) Polyfluorinated compounds in ambient air from

ship- and land-based measurements in northern Germany. Atmos

Environ 43:1527–1535

Giesy JP, Kannan K (2002) Perfluorochemical surfactants in the

environment. Environ Sci Technol 36:146A–152A

Giesy JP, Naile JE, Khim JS, Jones PD, Newsted JL (2010) Aquatic

toxicology of perfluorinated chemicals. Rev Environ Contam

Toxicol 202:1–52

Higgins CP, Field JA, Criddle CS, Luthy RG (2005) Quantitative

determination of perfluorochemicals in sediments and domestic

sludge. Environ Sci Technol 39:3946–3956

Houde M, Martin JW, Letcher RJ, Solomon KR, Muir DCG (2006)

Biological monitoring of polyfluoroalkyl substances: a review.

Environ Sci Technol 40:3463–3473

Jiao WT, Lu YL, Wang TY, Li J, Han JY, Wang G (2009) Polycyclic

aromatic hydrocarbons in soils around Guanting Reservoir,

Beijing, China. Chem Ecol 25:39–48

Kissa E (2001) Fluorinated surfactants and repellents. Marcel Decker,

New York

Luo W, Wang TY, Lu YL, Giesy JP, Shi YJ, Zheng YM (2007)

Landscape ecology of the Guanting Reservoir, Beijing, China:

multivariate and geostatistical analyses of metals in soils.

Environ Pollut 146:567–576

Naile JE, Khim JS, Wang TY, Chen CL, Luo W, Kwon BO, Park JS,

Koh CH, Jones PD, Lu YL, Giesy JP (2010) Perfluorinated

compounds in water, sediment, soil and biota from estuarine and

coastal areas of Korea. Environ Pollut 158:1237–1244

Rayne S, Forest K (2009) Perfluoroalkyl sulfonic and carboxylic

acids: a critical review of physicochemical properties, levels and

patterns in waters and wastewaters, and treatment methods.

J Environ Sci Health A 44:1145–1199

Fig. 2 Composition profile of various PFCs in samples from the

Guanting Reservoir (water, sediment and soil from left to right in

each cluster)

78 Bull Environ Contam Toxicol (2011) 87:74–79

123



Rostkowski P, Yamashita N, So IMK, Taniyasu S, Lam PKS,

Falandysz J, Lee KT, Kim SK, Khim JS, Im SH, Newsted JL,

Jones PD, Kannan K, Giesy JP (2006) Perfluorinated compounds

in streams of the Shihwa industrial zone and Lake Shihwa, South

Korea. Environ Toxicol Chem 25:2374–2380

Sakurai T, Serizawa S, Isobe T, Kobayashi J, Kodama K, Kume G,

Lee JH, Maki H, Imaizumi Y, Suzuki N, Horiguchi T, Morita M,

Shiraishi H (2010) Spatial, phase, and temporal distributions of

perfluorooctane sulfonate (PFOS) and perfluorooctanoate

(PFOA) in Tokyo Bay, Japan. Environ Sci Technol 44:4110–

4115

Senthilkumar K, Ohi E, Sajwan K, Takasuga T, Kannan K (2007)

Perfluorinated compounds in river water, river sediment, market

fish, and wildlife samples from Japan. Bull Environ Contam

Toxicol 79:427–431

So MK, Taniyasu S, Yamashita N, Giesy JP, Zheng J, Fang Z, Im SH,

Lam PKS (2004) Perfluorinated compounds in coastal waters of

Hong Kong, South China, and Korea. Environ Sci Technol

38:4056–4063

So MK, Miyake Y, Yeung WY, Ho YM, Taniyasu S, Rostkowski P,

Yamashita N, Zhou BS, Shi XJ, Wang JX, Giesy JP, Yu H, Lam

PKS (2007) Perfluorinated compounds in the Pearl River and

Yangtze River of China. Chemosphere 68:2085–2095

Wang TY, Lu YL, Shi YJ, Zhang H (2005) Spatial distribution of

organochlorine pesticide residues in soils surrounding Guanting

Reservoir, People’s Republic of China. Bull Environ Contam

Toxicol 74:623–630

Yamashita N, Kannan K, Taniyasu S, Horii Y, Petrick G, Gamo T

(2005) A global survey of perfluorinated acids in oceans. Mar

Pollut Bull 51:658–668

Bull Environ Contam Toxicol (2011) 87:74–79 79

123


	Perfluorinated Compounds in Water, Sediment and Soil from Guanting Reservoir, 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


