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KINETICS OF DEGRADATION OF PERCHLOROETHYLENE
UNDER ULTRASONIC IRRADIATION
AND PHOTOOXIDATION IN AQUEOUS SOLUTION

Sonolysis and photodegradation of various compounds such as chlorinated aliphatic hydrocar-
bons are the recent advanced oxidation processes. Perchloroethylene (PCE) is one of these com-
pounds mainly used as a solvent and degreaser. In this work, elimination of perchloroethylene in
aqueous solution by ultrasonic irradiation and photooxidation by UVC were investigated. Head space
gas chromatography with FID detector was used for analyses of PCE. Results showed that PCE could
be effectively and rapidly degraded by ultrasonic irradiation, photooxidation by UVC and combina-
tion of these methods. The order of studied reactions for degradation PCE has been determined.

1. INTRODUCTION

Developments in various fields to satisfy human needs produced effluents contain-
ing new materials that are not degraded by conventional treatment methods [1]. Due to
increase of resistance of molecules to biodegradation, conventional biological methods
are not sufficient to perform the required treatment. Therefore, it is essential to use
new technologies to break down these resistant molecules to biologically decay able
ones which could be further oxidized by biological processes [2]. New technologies
include photocatalytic oxidation processes, advanced oxidation processes such as Fen-
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ton, common use of ozone, UV and hydrogen peroxide and the use of ultrasonic proc-
ess [3]. Chlorinated aliphatic hydrocarbons (CAHs) are considered as refractory or-
ganics which could not be destructed in biological degradation process. These com-
pounds may enter water sources, cause contamination of water resources and affect the
human health. Many studies were performed to remove various organic materials such
as dyes, chlorophenol, and phenol from aqueous solutions by advanced oxidation
processes [4, 5].

Perchloroethylene (PCE) is one of the chlorinated aliphatic hydrocarbons (CAHs)
which is mainly used as a solvent and degreaser [6]. It is a volatile, nonflammable and
colorless liquid with a stench that its threshold odor is 1 ppm [6]. Tetrachloroethylene
is widely used in industry as a solvent in dry cleaning, as a degreasing agent for manu-
factured metal parts and as a precursor in the production of chlorofluorocarbons.
Tetrachloroethylene is included in consumer products such as motor vehicle cleaners,
stain removers, adhesive and wood cleaners [7, 8]. A summary of PCE’s physical
properties is shown in Table 1 [9].

Table 1
PCE properties
Mole.cular Chemical Dens1;[y Solubllolty Meltang Bm!mg )7
Weight formula at20°C | at25°C point point [atm-m’/mol]
[¢/mol] [g/em’] | [mg/dm’] | [°C] | [°C]
165.85 CxCly 1.63 150 -22 121 1.8x10°

Solubility in water.
°Henry’s law constant.

Widespread use as well as improper handling and disposal are the reasons why
PCE is frequently detected in various environments such as groundwater, surface wa-
ter, wastewater, air and food [10-14]. PCE is considered as a probable carcinogenic
chemical (group 2A) [7]. It has also many other adverse effects on humans [6-8, 15].
Due to its undesirable effects on health, U.S. Environmental Protection Agency
(US EPA) has set the maximum contaminant level (MCL) and maximum contaminant
level goal (MCLG) for PCE as 0.005 mg/dm” and zero, respectively [16].

Conventional water and wastewater treatment processes including coagulation,
sedimentation, filtration, chlorination and biological processes are inefficient in re-
moval of chlorinated compounds such as PCE [17]. Air stripping, membrane proc-
esses and using of granular activated carbon are effective for removal of these com-
pounds; but costly. Furthermore, they transfer the contamination to other parts of the
environment [18]. Alternative technologies for degradation of chlorinated organic
compounds include sonochemistry, photochemistry, electrochemistry, and combined
treatment such as reductive dehalogenation and biodegradation [17]. Advanced oxida-
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tion processes (AOPs) are capable of degrading chlorinated organic compounds such
as PCE in to less harmful compounds by using ultraviolet light. Ultrasonic waves are
among the advanced oxidation processes which produce hydroxyl radicals during
cavitations [18].

Although several studies are available on and sonolysis of pollutants, especially
at low concentrations, few studies have addressed the PCE degradation by sonolysis
and photooxidation (UVC) at micro-molar concentrations [17—19]. In this work, the
degradation rates of PCE at different concentration levels and different pH levels
with using an ultrasound bath at 130 kHz frequency and photooxidation with UVC
ray and were studied. Kinetic models of PCE degradation were also determined.
This study also aimed to determine the rate of PCE degradation and kinetic reaction
rates.

2. MATERIALS AND METHODS

Experiment. The experimental research was conducted at the Department of Envi-
ronmental Health Engineering at Tehran University of Medical Sciences between
April and September 2011.

Two reactors were used in the study. One reactor was an ultrasonic device (Elma
LTD, Germany) used to generate 130 kHz frequency and acoustic intensity of
2.5 W/em?®. For sonication, a glass bottle of the capacity of 300 cm® was placed inside
the ultrasonic device. Each sample was sonicated for 5, 10, 20, 30, 40, 50 and 60 min
applying 130 kHz frequency separately. The characteristics of ultrasound reactor used
in the study are listed in Table 2.

Table 2
Characteristics of ultrasound reactor used in the experiments
Parameter Characteristics
Frequency 130 kHz
Power 500 W
Acoustic intensity 2.5 W/em?
Flow type batch
Reactor volume 3.7 dm’
Dimensions L=30cm, W=25cm, H=32cm

The other reactor was the ultraviolet radiation reactor used to apply UVC with
253.7 nm. A 55 W low pressure mercury lamp (TUV, Philips) was placed in a quartz
tube. The whole module was put in a cylindrical Plexiglass in which the sample solu-
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tions were exposed to the UVC light. The specifications of lamp and reactor are sum-
marized in Table 3.

Solutions of various concentrations of PCE (0.3, 3, and 10 mg/dm’) were prepared
by dissolving PCE (Merck Co., Germany) in distilled water. The temperature was
monitored during sonication and was maintained constant at 25 °C by cooling water.
Reaction time was considered as the independent variable to investigate the effect of
different reaction times on processes such as ultrasonic (US), UVC, and US/UVC.
Samples were taken from each reactor (US, UVC and US/UVC) at given reaction
times (5, 10, 20, 30, 40, 50 and 60 min).

Table 3

Characteristics of UVC reactor used in the experiments

Parameter Characteristics
Model TUV
Company Philips
55W

Power

(low pressure mercury)
Intensity 52 W/em®
Wavelength 253.7 nm
Flow type batch
Reactor volume 8 dm’
Reactor dimensions d=15cm, L =100 cm
UV Lampe dimensions d =20 mm, L =90 cm

Analyses. Analyses were performed by the head-space gas chromatography tech-
nique. Concentrations of PCE samples were determined through GC-FID analysis
(VARIAN CP-3800, Australia). The gas chromatography was fitted with a CP-Sil 8
CB capillary column (30 m, 0.32 mm ID, 0.25 um film thickness). The injector tem-
perature was 150 °C; initial oven temperature was 35 °C (held for 1 min) and in-
creased to 100 °C at the rate of 16 °C-min "', held for 5 min. The inlet (0.2 cm®) was
operated in 20% split mode. Helium (99.999%) was used as carrier gas at 1 cm’® min "
The lowest detection level (MDL) for PCE analysis by GC with the above mentioned
method was considered 5 pg/dm’.

3. RESULTS AND DISCUSSION

The obtained data were fitted with first and second order models.
e First order kinetics model: The experimental data were fitted according to simple
first order rate:
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C=Ce™ (1)

where £ is the first order rate constant and it is estimated from the slope by plotting
InC versus time . All the correlation factors (R”) in this study were larger than 0.95,
indicating that the degradation of PCE follows first order kinetics model.

e Second order kinetics model: The variation in the degradation concentration can
be fitted by using the second order kinetic equation:

dc 2
— =—kc 2
” 2
For liner fitting, the equation can be rearranged as:

Ly, .

c ¢

where £ is the second order degradation rate constant and it can be estimated from the
slope after plotting 1/C versus ¢. The results showed that decomposition of PCE of the
concentration of 10 mg/dm’in the ultrasonic reactor, UVC and UVC/US reactor for
all the concentrations follow up first order kinetics model. The kinetics constants in
these reactors are given in Tables 4—6.

Table 4

First and second order degradation of PCE at various pH, subjected to US reactor

[mg?d0m3] pH Mean E:;gmency [ /rlr:in] R? Reaction order
10 9 5731 0.0094 | 0.984
10 7 64.54 0.0148 | 0.995 first
10 5 6531 0.0162 | 0.991
3 9 58.27 0.0155 | 0.997
3 7 68.56 00157 | 09
3 5 7031 0.0184 | 0.905
0.3 9 2938 0.043 | 0.991 second
0.3 7 35.57 0.037 | 0.901
0.3 5 39.42 0.0606 | 0.982

Aqueous solutions with initial concentrations of PCE 0.3, 3, and 10 rng/drn3 at
various pH were sonicated and photooxidized. Typical trend of InC versus time for
PCE at various initial concentrations and pH in the US/UVC reactor are shown in
Figs. 1-3.
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Table 5
First order degradation of PCE at various pH, subjected to UVC reactor
Co n Mean efficiency k I Reaction
[mg/dm’] | P [%] [1/min] order
10 9 53.81 0.0082 0.994
10 7 49.65 0.0056 | 0.997
10 5 62.58 0.0137 0.996
3 9 76.15 0.0148 0.995
3 7 77.16 0.0181 0.986 first
3 5 82.61 0.023 0.987
0.3 9 69.42 0.0287 0.987
0.3 7 66.42 0.0247 0.984
0.3 5 74.76 0.0391 0.992
Table 6
First order degradation of PCE at various pH, subjected to US/UVC reactor
Cy n Mean efficiency k R Reaction
[mg/dm’] P [%] [1/min] order
10 9 88.85 0.0194 0.993
10 7 91.36 0.0221 0.992
10 5 91.89 0.0215 0.994
3 9 82.97 0.035 0.976
3 7 88.057 0.0518 0.977 first
3 5 86.67 0.0545 0.979
0.3 9 71.24 0.0370 0.982
0.3 7 81.38 0.0339 0.962
0.3 5 82.05 0.0393 0.973
. y=-0.019x+ 0.608
0.60 1 PR 0903
InC y=-0.022x+ 0.530
0.40 - pPH=7  R2=0.992
y=-0.021x+ 0.368
020 - \\ —h—pH=5 R?=0.994
0.00 . . Time (min) X
20 40 60 80
-0.20 -
-0.40 -
-0.60 -
-0.80 -
-1.00 -

Fig. 1. Degradation of aqueous solution of PCE of 10 mg/dm’

at various pH subjected to US/UVC; T'=25 °C
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Time (min)
0.00 T T T 1
InC 20 40 60 80
-0.50 A
=&—pH=9
-1.00 A
pH=7
-1.50 —h—pH=5
-2.00 A y=-0.035x+ 0.093
R2=0.976
2.50 A y=-0.051x+0.127
R2=0.977
y=-0.054x+0.261
-3.00 A R2=0.979
-3.50 -

Fig. 2. Degradation of aqueous solution of PCE of 3 mg/dm’
at various pH subjected to US/UVC; T=25 °C

Time (min)
15 . . .
Inc 20 40 60 80
2 7 y=-0.037x-1.647
R?=0.982
25 4 y=-0.033x-1.999
R’=0.962
y=-0.039x-1.941
37 R2=0.973
35 4 \ == pH=9
-4 4 pH=7
= pH=5
45 -

-5 J

Fig. 3. Degradation of aqueous solution of PCE of 0.3 mg/dm’
at different pH subjected to US/UVC; T =25 °C

Decomposition of PCE of the concentration of 10 mg/dm’ in the ultrasonic reac-
tor, in UVC and UVC/US reactor for all concentrations followed first order kinetics
model and in the ultrasonic reactor of the concentration of 3 and 0.3 mg/dm’ followed
second order kinetics model. Also with increase in the initial concentration of PCE,
the apparent first and second order rate constants decreased, indicating non—
elementary nature of the photosonolysis reactions. De Visscher et al. [20] studied the
kinetic model for the sonochemical degradation of non-polar monocyclic aromatic
compounds in aqueous solution. In this study, pyrolysis was mentioned as the degra-
dation mechanism of monocyclic aromatic compounds in the cavitation bubbles [20].
Jiang et al. [21] studied kinetics and mechanisms of ultrasonic degradation of volatile
chlorinated aromatics in aqueous solutions and showed that sonochemical decomposi-
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tion of volatile compounds follows pseudo-first-order reaction kinetics [21]. The re-
sults of our study reconfirmed the conclusion of the experiment. Feiyan et al. [22]
studied kinetics of volatile organic compounds (VOCs) with respect to various pa-
rameters pertinent to the operating conditions. The effects of various experimental
parameters such as initial concentrations of the VOCs were determined [22]. Shira-
yama et al. [23] also studied photodegradation rates of chlorinated hydrocarbons such
as PCE under the UV bandwidths of 185 and 254 nm in the presence and absence of
dissolved oxygen in water. This study showed that photolysis of H,O efficiently gen-
erated hydroxyl radicals which attack various dissolved organic compounds [23].

The dependence of degradation rate constants on initial concentration was similar
to that in other studies [18, 20, 24]. In these studies, reaction mechanisms for the deg-
radation of p-nitrophenol, carbon tetrachloride, parathion, p-nitrophenyl acetate, trini-
trotoluene, perchloroethylene and monocyclic aromatic compounds in aqueous solu-
tion are investigated. Degradation rate of PCE at pH = 5 was higher than at other pH
however the degradation rate did not change significantly for other pH.

Photolysis by UVC can destruct various organic compounds such as PCE by two
methods [23, 24]. These methods are as follows:

e destruction of the double band of carbon; UVC excitation of C,Cl, leads to de-
struction of the carbon—carbon band:

C,Cl,—2— C,Cl, +2Cl (or + Cl,) 4)
C,Cl,—2— C,Cl,+Cl (5)

edirect photolysis of H,O; generated efficiently hydroxyl radicals attack the vari-
ous dissolved organic compounds as follows:

H,0 ", %H2+OH' (©6)
OH® +RH —»R* +H,0 (7)

Ultrasonic waves are able to produce hydroxyl radicals during cavitations in the
process of pyrolysis of water molecules [20]. De Visscher et al. [20] mentioned that
kinetic model for the sonochemical degradation of monocyclic aromatic compounds in
aqueous solution in high concentrations is due to pyrolysis in the cavitation bubbles,
but in low concentrations degradation mechanism of chlorinated hydrocarbon is
mostly related to the hydroxyl radicals [20].
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4. CONCLUSIONS

Sonolysis and photolysis of PCE was performed under various variables such as
initial concentration of PCE, pH, reaction time and type of reactor. The result of this
study showed that the PCE degradation rate increased as its initial concentration de-
creased. The initial concentration proved to have a significant effect on the degrada-
tion of PCE. It also concluded that destruction of PCE was not strongly affected by the
initial pH of solution; however at lower pH, the rate of PCE degradation is relatively
higher.

The PCE degradation rate constants were changed as a function of initial concen-
tration of PCE. It was shown that decrease in the degradation rate constant would be
expected due to the increase of initial concentration of PCE.

Removal rate increases with increasing reaction time in all reactors. The decom-
position of PCE of the concentration of 10 mg/dm’ in the ultrasonic reactor followed
first order kinetics model. All concentrations in UVC and UVC/US reactors followed
first order kinetics model. The removal percentage of PCE in the UVC/US reactor
was higher than each one of the reactors alone, probably as a result of hydroxyl radi-
cals induced by ultrasound and ultraviolet radiation.

ACKNOWLEDGMENTS

This research has been supported by the Tehran University of Medical Sciences, grant No. 90-01-27-
13428 dated 15-04-2011.

REFERENCES

[1]JGOGATE P.R., PANDIT A.B., 4 review of imperative technologies for wastewater treatment I: oxidation
technologies at ambient conditions, Adv. Environ. Res., 2004, 8, 501.

[2] LiFkA J., ONDRUSCHKA B., HOFMANN J., The use of ultrasound for the degradation of pollutants in
water: Aquasonolysis. A review, Eng. Life Sci., 2003, 3, 253.

[3] NAFFRECHOUX E., CHANOUX S., PETRIER C., SUPTIL J., Sonochemical and photochemical oxidation of
organic matter, Ultrason. Sonochem., 2000, 7, 255.

[4] REZAEE A., GHANEIAN M.T., KHAVANIN A., HASHEMIAN S.J., MoussAvi G.H., GHANIZADEH G.H.,
HANZADEH E., Photochemical oxidation of reactive blue 19 dye in textile wastewater by UV/K2S208
process, J. Env. Health Sci. Eng., 2008, 5, 95.

[5] MOVAHEDYAN H., SEID MOHAMMADI A.M., ASSADI A., Comparison of different advanced oxidation
processes degrading p- chlorophenol in aqueous solution, J. Env. Health Sci. Eng., 2009, 6, 153.

[6] ATSDR, Toxicological Profile for Tetrachloroethylene (Update), U.S. Public Health Service, U.S.
Department of Health and Human Services, Atlanta, GA, 1997.

[7]1 IARC, Dry cleaning, some chlorinated solvents and other industrial, International Agency for Re-
search on Cancer, 1995, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans., 63.

[8] CosTA C., BARBARO M., CATANIA S., SILVARI V., GEOMANO M.P., Cytotoxicity evaluation after co
exposure to perchloroethylene and selected per oxidant drugs in rat hepatocytes, Toxicol. in Vitro,
2004, 18, 37.



38 M. KARGAR et al.

[9] EPA, Chemical Summary for Perchloroethylene Prepared by Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency,1994, [EPA 749-F-94-020a].

[10] KARGAR M., NADAFI K., NABIZADEH R., NASSERI S., MESDAGHINIA A., MAHVI A.H., ALIMOHAMMADI M.,
NAZMARA S., RASTKARI N., Survey of Hazardous Organic Compounds in the Groundwater, Air and
Wastewater Effluents Near the Tehran Automobile Industry, B. Environ. Contam. Tox., 2013, 90,
155.

[11] KostorouLoU M.N., SPYROS K., GOLFINOPOULOS S.K., NIKOLAOU A.D., XILOURGIDIS N.K., LEKKAS T.D.,
Volatile organic compounds in the surface waters of Northern Greece, Chemosphere, 2000, 40, 527.

[12] RAS-MALLORQUI M.R., MARCE-RECASENS R.M., BALLARIN F.B., Determination of volatile organic
compounds in urban an industrial air from Tarragona by thermal desorption and gas chromatogra-
phy — mass spectrometry, Talanta, 2007, 72, 41.

[13] SRIVASTAVA A., MAJUMDAR D., Emission inventory of evaporative emissions of VOCs in four metro
cities in India, Environ. Monit. Assess., 2010, 160, 315.

[14] ALBERGARIA J.T., ALVIM-FERRAZ M.C.M., DELERUE-MATOS M.C.F., Estimation of pollutant parti-
tion in sandy soils with different water contents, Environ. Monit. Assess., 2010, 171.

[15] LAWRENCE H.L., JEAN C.P., Hepatic and renal toxicities associated with perchloroethylene, Pharma-
col. Rev., 2001, 53, 177.

[16] EPA, US Environmental Protection Agency, National primary and secondary drinking water stan-
dard, Office of Water (4606M), EPA 816-F-03-016, 2003, Available from www.epa.gov/safewater.

[17] SAEz V., EscLAPEZ M.D., TUDELA 1., BONETE, P., LOUISNARD O., GONZALEZ-GARCIA J., 20 kHz
sonoelectrochemical degradation of perchloroethylene in sodium sulfate aqueous media: Influence
of the operational variables in batch mode, J. Hazard. Mater., 2010, 183, 648.

[18] KARGAR M., NABIZADEH R., NADAFI K., NASSERI S., MESDAGHINIA A., MAHVI A .H., ALIMOHAMMADI M.,
NAZMARA S., PAHLEVANZADEH B., Modeling perchloroethylene degradation under ultrasonic irradia-
tion and photochemical oxidation in aqueous solution, J. Env. Health Sci. Eng., 2012, DOI:
10.1186/1735-2746-9-32 (in press).

[19] MALEKI A., MAHVI A.H., VAEZI F., NABIZADEH R., Ultrasonic degradation of phenol and determina-
tion of the oxidation by-products toxicity, J. Env. Health Sci. Eng., 2005, 2, 201.

[20] DE VISSCHER A., VAN EENOO P., DRUUVERS D., VAN LANGENHOVE H., Kinetic model for the sono-
chemical degradation of monocyclic aromatic compounds in aqueous solution, J. Phys. Chem.,
2003, 100, 11636.

[21] JIANG Y., PETRIER C., DAVID WAITE T., Kinetics and mechanisms of ultrasonic degradation of vola-
tile chlorinated aromatics in aqueous solutions, Ultrason. Sonochem., 2002, 9, 317.

[22] FEIYAN C., PEHKONEN S. O., RAY M. B., Kinetics and mechanisms of UV-photodegradation of chlo-
rinated organics in the gas phase, Water Res., 2002, 36, 4203.

[23] SHIRAYAMA H., TOHEZO Y., TAGUCHI S., Photodegradation of chlorinated hydrocarbons in the pres-
ence and absence of dissolved oxygen in water, Water Res., 2001, 35, 1941.

[24] HOFFMANN M.R., HUA 1., HOCHEMER R., Application of ultrasonic irradiation for the degradation of
chemical contaminants in water, Ultrason. Sonochem., 1996, 3, 163.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


