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Abstract—The possibility of application of the modified electrokinetic treatment method to removal both 
inorganic and organic contaminants from clay soils has been demonstrated. The proposed improvements 
include the adjustment of pH of the soil pore solution, as this parameter is one of the major factors determining 
the treatment efficacy. The modification consists in replacement of the conventional acidic or alkaline reagents 
with neutral ones, thus enhancing the ecological compatibility of the detoxification process. 
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INTRODUCTION 

Accumulation of toxic compounds in soil as a result 
of anthropogenic activities has become an important 
environmental problem. Such toxic compounds include 
heavy metals, radioactive nuclides, and organic 
compounds including chlorinated as well as polycyclic 
aromatic ones, and pesticides. Sorption of the toxic 
compounds with soil components significantly 
complicates the contaminations removal as compared 
with detoxication of water or air; on the other hand, the 
toxic components are continuously leached becoming 
additional sources of surface and ground waters 
pollution. 

No universal method of efficient and ecologically 
compatible removal of wide range of the contaminants 
from various soil types has been proposed so far. The 
following detoxication methods have been recognized 
as the most promising: soil washing with special 
solutions [1, 2], bioremediation [3, 4], vapor extraction 
[5, 6], thermal desorption [7, 8], and electrokinetic 
remediation [9, 10]. 

The decontaminating soil type is among the major 
factors determining the efficacy of this or that 
detoxication method. The fine-dispersed clay soil is the 
most challenging object for decontamination, due to 

the two reasons. The first one is the large surface area 
of the soil particles and its specific properties leading 
to strong interactions between the soil and the 
contaminants. The second factor is high hydro- and 
aerodynamic resistance excluding the possibility of 
efficient surfactant washing or vapor extraction. The 
two mentioned factors are operative in the cases of 
virtually all the contaminants: ionic (heavy metals and 
radioactive nuclides) as well as nonionic (organic) 
compounds.  

Electrokinetic remediation is a procedure allowing 
efficient removal of any types of contaminants from 
clay soils. This method has been recently studied in 
detail [9–12]. However, it is not free of certain 
drawbacks. This work aimed to develop this promising 
method in order to enhance its ecological compatibility 
and manufacturability while preserving its efficacy. 

Elecrokinetic Remediation Fundamentals 

Electrokinetic remediation is based on the soil 
treatment with external electric field. A set of 
processes occurs in the soil pore solution upon the 
treatment [13], electromigration and electroosmosis 
being the most important for decontamination. 
Electromigration plays a crucial part in removal of 
heavy metals and radioactive nuclides, while 
electroosmosis allows for removal of organic 
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compounds. One of the major factors determining the 
efficacy of the both processes is pH of the soil pore 
solution. 

In the case of heavy metals and radioactive nuclides 
removal, the pH value determines the degree of the 
contaminants desorption into the pore solution as well 
as the possibility of the contaminants precipitation in 
the form of hydroxo compounds; i.e. the electro-
migration efficiency of the contaminants. Generally, 
low pH values allow for high electromigration 
mobility. 

As far as removal of non-charged organic 
compounds is concerned, pH of the pore solution 
affects the decontamination efficiency via the change 
of electrokinetic potential, as the pH value along with 
the electric field intensity determines the electro-
osmosis flow value [14]. For most of clay soils, the 
electrokinetic potential increases with pH. For ex-
ample, in the case of kaolin ξ-potential is of +0.7 mV 
at pH 2 and of –54 mV at pH 10 [9]. 

Hence, in any particular case a certain pH value 
should be used in order to enhance the transport 
process and ensure its stability leading to the highest 
decontamination efficacy. However, the soil treatment 
is complicated by the electrode reactions occurring 
upon the electric field application: generation of 
hydroxyl ions at the cathode and of protons at the 
anode. As a result, the initial pH value of the pore 
solution is changed, and the non-uniform pH profile is 
formed, with increased pH at the cathode and lowered 
pH at the anode [12]. 

Such change of the pH value in the course of 
decontamination leads to concentration of the major 
part of heavy metals and radioactive nuclides near the 
cathode, since they form insoluble hydroxo compounds 
at the increased pH range. In the case of organic 
compounds removal, the negative effect of non-
uniform pH field is due to the resulting non-uniform 
electrokinetic potential and thus the non-uniform 
electroosmosis flow, stronger at the cathode side and 
weaker at the anode side. This can result in drying out 
of the cathode part of the cell and complete shutdown 
of the electroosmosis transport. 

The electrode reactions therefore may seem side 
processes and should be avoided. However, the task is 
not as simple as mere preservation of the initial 
solution pH, but it should be regarded as formation and 
maintaining the pH profile optimal in view of the 
fastest transport of the contaminants. The electrode 

reactions can serve as sources of hydroxyl or hyd-
roxonium ions to achieve the goal.  

In order to achieve the required pH conditions, it is 
essential that certain ions (for instance, hydroxyl ions 
during removal of heavy metals) generated at the 
cathode do not come into the treated soil, allowing for 
transport of the protons generated at the anode. This 
will result in the required pH conditions without using 
any additional reagents. 

Several methods to avoid the transport of ions 
deteriorating the decontamination into the treated 
system are known: using ion-exchange materials, 
special constructions of the electrodes, and intro-
duction of the reagents neutralizing certain ions to the 
electrode chambers [15–18]. The latter approach has 
been recently recognized as the most promising; in 
particular, acidic solution is introduced into the 
cathode chamber, and alkaline solution is fed into the 
anode chamber. However, this implied application of 
aggressive liquids making the process less manu-
facturable and requiring special anti-corrosive pro-
perties of the equipment.  

Excluding the aggressive reagents from the process 
would decrease its cost and make it more safe and 
environmentally friendly. The electrokinetic remedia-
tion can be improved by replacement of the acidic and 
alkaline solutions with neutral solution of inorganic 
salt [19]. Theoretical analysis of the transport in the 
electrode chambers has revealed that such a method 
can be advantageous due to the removal of undesired 
ions from the electrode chambers before they come 
into the treated soil.  

Let us consider the processes occurring in the elec-
trode chambers upon application of the electric current 
and pumping the solution through the chambers. In this 
case, movement of the ions generated at the cathode 
and the anode is a superposition of the electro-
migration and the hydrodynamic parts, being deter-
mined by their ratio (Fig. 1).  

The rate of electromigration movement depends on 
the local strength of the electric field and on the 
electromigration mobility of the ions (being twice 
higher for protons as compared with hydroxyl ions). 
Hydrodynamic movement depends on the rate of the 
liquid pumping through the electrode chamber. At 
constant intensity of the electric field, the ions path 
will change in response to the varied rate of the 
electrolyte solution pumping. At low pumping rate, the 
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hydrodynamic part of the movement is low, the ions 
movement is majorly determined by the electro-
migration, and practically all the ions reach the treated 
soil, changing the pore solutions pH as described 
above (Fig. 1a).  

With the increased pumping rate, the impact of the 
hydrodynamic term grows and changes the ions 
trajectory so that at certain critical pumping rate all the 
ions should be passed off the system not reaching the 
treated soil. If the pumping rate in the other chamber is 
low and the generated ions reach the treated soil, the 
overall process is as depicted in Fig. 1b. 

Detailed analysis of the transport processes and the 
related theoretical simulation has been given elsewhere 
[20, 21]. The reported results confirm the possibility of 
pH regulation via alternation of the electrolyte 
pumping rate. 

EXPERIMENTAL 

The study of the proposed approach efficacy was 
performed using the electrochemical cell consisting of 
two electrode chambers (1, 2) equipped with vertical 
platinum electrodes and of the central chamber (3) 
filled with the treated soil (Fig. 2). 

During the experiments under conditions of the 
major role of the electroosmosis the cell was 
additionally equipped with two chambers, for 
withdrawal of the electroosmosis flow from the system 
(4) and to introduction of the solution into the system 
(5) so that the electroosmotic loss of liquid is 
compensated for and the soil is continuously washed. 
Since the electrokinetic potential of clay soil is 
negative, the electroosmotic flow is directed from the 
anode to the cathode; therefore, the chamber (4) was 
placed at the cathode side and chamber (5) was 
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Fig. 1. Scheme of protons and hydroxyl ions movements in the electrode chambers without (a) and with (b) regulating of pH. 
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Fig. 2. Scheme of the electrochemical cell: (1) cathode chamber, (2) anode chamber, (3) central chamber, (4) chamber for 
withdrawal of the electroosmosis flow, and (5) chamber for input of the solution. 
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adjacent to the anode. The chambers were separated 
with polysulfone clothes. 

Besides the electrochemical cell (1), the 
experimental setup (Fig. 3) included the two tanks (2) 
with the inorganic salt solution (0.1 mol/L NaNO3), the 
two peristaltic pumps (3) allowing for its pumping 
through the electrode chambers, the compensating tank 
filled with the solution for electroosmosis soil washing 
(4), the microburet to estimate the electroosmosis velosity 
(5), and the power supply (6). In order to avoid the 
difference of the hydrostatic pressure, the solution 
level in the compensating tank was maintained at the 
level of the solution in the microburet. The 
experiments were performed in the potentiostatic mode 
at the average field intensity of 3 V/cm. 

Kaolin was used as the soil model. The treated soil 
properties, its sorption parameters, the presence of 
buffer capacity, and initial pH of the pore solution 
were the factors determining the dynamics of pH 
profile establishment and decontamination. This work 
aimed to demonstrate the principal possibility of the 
modified method application to the clay soil 
detoxication, the model object was chosen in view of 
the neutral initial pH level of the used kaolin (рН = 
6.37) and its low exchange capacity (1.3 meq/100 g) at 
practically absent buffer capacity. 

Cadmium was chosen as a model ionic 
contaminant, its concentration being of 0.25 mg per             
1 g of the kaolin; hydrophobic chlorobenzene at 4.5 
mg per 1 g of the kaolin served as model nonionic 
organic contaminant. 

Accounting for geometry parameters of the 
electrode chambers (height of 2.8 cm, width of 2.3 cm, 
and the electrodes-to-soil distance of 1.0 cm) and the 
electric field intensity, we calculated the critical rate of 
the inorganic salt solution pumping allowing for 
formation and maintaining of the required pH profile. 
As the electric conductance was changed in the course 
of decontamination, the total field intensity was 
redistributed, and the electromigration part of the ions 
movement was variable. Hence, the critical rate of the 
pumping was not constant with time. In order to avoid 
occasional overshoot of the non-desired ions into the 
treated soil, the highest calculated pumping rate was 
maintained in the course of the experiment. That 
pumping rate was of 85 mL/h for the cathode chamber 
and of 210 mL/h for the anode chamber. 

RESULTS AND DISCUSSION 

The study consisted of three sets of the experi-
ments. Firstly, formation of the pH profile in the 
treated soil sample was studied as function of the 
electrolyte solution pumping rate. Then, the kaolin 
decontamination of cadmium and of chlorobenzene 
was performed at different setup of the electrode 
chambers washing. 

The reference experiment was run without pH 
regulation, at the pumping rate much lower than the 
critical ones for the both chambers (Fig. 4, curve 1). 
The result was in line with the conventionally observed 
pH distribution (increasing of pH at the cathode area 
and decreasing pH in the anode area). 

Fig. 3. The scheme of the experimental setup: (1) electrochemical cell, (2) electrolyte solution tank, (3) pump, (4) compensating 
tank, (5) microburet, and (6) power supply. 
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Further experiments aimed to achieve the uniform 
pH value over the whole sample. Curve 2 (Fig. 4) 
demonstrates the pH profile when the pumping rate 
through the cathode chamber was slightly below the 
critical value and the pumping rate of the anode 
chamber was well below the critical value (allowing all 
the protons generated to reach the treated soil). As the 
cathode chamber pumping rate allowed a part of 
hydroxyl ions to reach the soil sample, the thin layer 
close to cathode showed high pH value. 

Increasing of the pumping rate above the critical 
one maintained the acidic pH over the whole volume 
of the treated soil (Fig. 4, curve 3). Under the opposite 
pumping conditions (the low pumping rate in the 
cathode chamber and that in the anode chamber above 
the critical level), the pH profile was alkaline over the 
whole soil sample. Hence, the developed method 
indeed allowed formation of the required pH profile 
over the treated sample. 

Distribution profiles of the residual cadmium 
content obtained in the second set of the experiments 
coincided with the pH profiles. In particular, under 
conditions of no pH regulation cadmium was 
completely removed from the regions with low pH and 
was concentrated at the increased pH (Figs. 4 and 5, 

curves 1); the overall decontamination degree was of 
27.4%.  

Under conditions of low pH (Fig. 4, curve 3), the 
18 h treatment allowed removal of 85.8% of the total 
cadmium content, the residual 14.2% of cadmium 
being concentrated in the layer adjacent to the cathode 
(Fig. 5, curve 2). However, such concentrating was not 
critical, as it could be due to the lower cadmium 
electromigration as compared to that of protons, 
leading to lag of cadmium removal with respect to pH 
profile development. If so, the longer treatment could 
afford practically complete removal of cadmium, as 
confirmed by the results of the longer experiment   
(Fig. 5, curve 3). The residual cadmium content in the 
latter case was of less than 0.5 %.  

The next set of experiments aimed to elucidate the 
efficacy of the developed method towards removal of 
uncharged organic compounds from the clay soil. In 
general, the task of toxic organic compounds removal 
is more complicated, because maintaining strong and 
stable electroosmotic flow is a necessary but not 
sufficient condition to do so. Indeed, most of the 
nonionic contaminants are hydrophobic, and surfactant 
should be applied for their solubilization. The choice 
of the surfactant and determination of its optimal 
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soil at different rates of pumping through the electrode 
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Fig. 5. Velocity of electroosmotic flow and distribution of 
residual Cd over the normalized length of the loaded soil at 
different rates of pumping through the electrode chambers 
and the treatment time: (1) cathode chamber 20 mL/h and 
anode chamber 20 mL/h, 18 h; (2) cathode chamber              
110 mL/h and anode chamber 20 mL/h, 18 h; and (3) 
cathode chamber 110 mL/h and anode chamber 20 mL/h,           
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concentration is not trivial and should be analyzed 
separately [22, 23]. In this work we used 0.01 mol/L 
aqueous solutions of Triton X-100 to solubilize 
chlorobenzene. 

Similarly to the case of cadmium removal, the first 
experiment with chlorobenzene was performed without 
any pH regulation, at the pumping rate below the 
critical values. The initial electroosmotic flow was 
enhanced (Fig. 6a, curve 1) due to increase of the 
solution pH at the cathode side (Fig. 4, curve 1) 
resulting in increase of the local electrokinetic potential.  

However, the local electrokinetic potential near the 
anode was decreased due to the decreased pH of the 
pore solution; hence, the transfer of liquid from the 
anode chamber could not compensate for the liquid 
removal from the cathode chamber, and the 
electroosmosis velocity went down to zero in time. As 
a result, 19 h treatment allowed transfer of only 32 mL 
of the solution through the kaolin, and the decont-
amination degree was of 11.5%. The observed residual 
chlorobenzene distribution (Fig. 6b, curve 1) 
corresponded to the discussed mechanism. The strong 
electroosmotic flow allowed removal of more than 
60% of the initial chlorobenzene content form the 
cathode area, the highest residual value likely 
corresponding to the region of the osmosis flow break: 
chlorobenzene transferred from the anode region could 
not be further transported to the cathode region.  

At the rate of the solution pumping from the anode 
chamber exceeding the critical value, the electro-
osmosis character was changed (Fig. 6a, curve 3). 
Similarly to the above-discussed case, the initial rise 
was due to the increased electrokinetic potential due to 
the hydroxyl ions influx into the pore solution. The 
alkaline pH profile formed in time afforded the 
uniform electrokinetic potential conditions over the 
whole sample volume, and, hence, led to the stable 
electroosmotic flow. The slight decrease of the elec-
troosmosis velocity could be due to the changes of the 
system electric conductivity leading to the local voltage 
drop. 

The profile of residual chlorobenzene distribution 
after the 14 h treatment was similar to the previously 
discussed case (Fig. 6b, curves 1 and 2), since the 
electroosmosis features showed similar regularities due 
to the local heterogeneities of the electrokinetic 
potential at the initial stage. However, the absolute 
values of the flow velocity were higher because the 
electrokinetic potential did not go down in the anode 
region; that resulted in the higher degree of decont-
amination: 40 mL and 28.2%. The longer treatment 
under conditions of the stable electroosmotic flow due 
to the alkaline pH of the pore solution allowed flow of                    
160 mL during 38 h and resulted in the decont-
amination degree of 91.3%. Practically all the residual 
chlorobenzene was located near the cathode (Fig. 6b, 
curve 3), therefore, the further prolonged experiment 
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Fig. 6. Velocity of electroosmotic flow (a) and distribution of residual chlorobenzene over the normalized length of the loaded soil 
(b) at different rates of pumping through the electrode chambers and the treatment time: (1) cathode chamber 20 mL/h and anode 
chamber 20 mL/h, 19 h; (2) cathode chamber 20 mL/h and anode chamber 250 mL/h, 14 h; and (3) cathode chamber 20 mL/h and 
anode chamber 250 mL/h, 38 h. (C) cathode and (А) anode.  
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run could allow enhancement of the detoxication 
degree. 

CONCLUSIONS 

We demonstrated that the proposed modified 
method of electrokinetic decontamination allowed 
control of pH of the pore solution during the soil 
treatment without application of aggressive solutions, 
thus improving the ecological compatibility and 
manufacturability of the process. The optimal pH 
conditions of the treated soil allowed for stable 
transport of the ionic as well as the nonionic 
contaminants thus enhancing their efficient removal 
from the fine-disperse clay soil. 

REFERENCES 

 1. Dermont, G., Bergeron, M., Mercier, G., and Richer-
 Lafleche, M., J. Hazard. Mater., 2008, no. 152, pp. 1–31. 
 2.  Lopez-Vizcaino, R., Saez, C., Canizares, P., and 
 Rodrigo, M.A., Sep. Purif. Technol., 2012, no. 88,       
 pp. 46–51. 
 3.  Gadd, G.M., Geoderma, 2004, no. 122, pp. 109–119.  
 4.  Romantschuk, M., Sarand, I., Petanen, T., Peltola, R., 
 Jonsson-Vihanne, M., Koivula,., Yrjala, K., and 
 Haahtela, K., Environ. Pollut., 2000, no. 107, pp. 179–
 185. 
 5.  Albergaria, J.T., Alvim-Ferraz, M., and Delerue-Matos, C., 
 J. Environ. Manage., 2012, no. 104, pp. 195–201. 
 6.  Hoier, C.K., Sonnenborg, T.O., Jensen, K.H., Kor-
 tegaard, C., and Nasser, M.M., J. Contam. Hydrol., 
 2007, no. 89, pp. 29–47. 
 7.  Chang, T.C. and Yen, J.H., J. Hazard. Mater., 2006,    
 no. 128, pp.–217. 

 8.  Falciglia, P.P., Giustra, M.G., and Vagliasindi, F.G.A., 
 J. Hazard. Mater., 2011, no. 185, pp. 392–400.  
 9.  Saichek, R.E. and Reddy, K.R., Crit. Rev. Env. Sci. 
 Tec., 2005, no. 2, pp. 115–192.  
10.  Virkutyte, J., Sillanpaa, M., and Latostenmaa, P., Sci. 
 Total Environ., 2002, no. 289, pp. 97–121. 
11. Gomes, H.I., Dias-Ferreira, C., and Ribeiro, A.B., 
 Chemosphere, 2012, no. 87, pp. 1077–1090. 
12.  Yeung, A.T. and Gu, Y.-Y., J. Hazard. Mater., 2011, 
 no. 195, pp. 11–29. 
13.  Acar, Y.B. and Alshawabkeh, A.N., Sci. Technol., 1993, 
 no. 27, 2638–2647. 
14.  Tikhomolova, K.P., Elektroosmos (Electroosmosis), 
 Leningrad: Khimiya, 1989. 
15.  Almeira, J.O. and Peng, C.-S., Desalination, 2012,       
 no. 300, pp. 1–11.  
16.  Amrate, S., Akretche, D.E., Innocent, C., and Seta, P., 
 Desalination, 2006, no. 193, pp. 405–410.  
17.  Cang, L., Fan, G.-P., Zhou, D.-M., and Wang, Q.-Y., 
 Chemosphere, 2013, no. 90, pp. 2326–2331.  
18.  Shen, Z., Chen, X., Jia, J., Qu, L., and Wang, W., 
 Environ. Pollut., 2007, no. 150, pp. 193–199.  
19.  Lysenko, L.L., Mishchuk, N.O., Ridna, O.F., and    
 Shen, O.E., UA Papent 101879 C2, Byull. Izobret., 
 2013, no. 9. 
20.  Lysenko, L.L., Mishchuk, N.A., and Rynda, E.F.,          
 J. Water Chem. Tech., 2011, no. 33, pp. 140–146. 
21.  Lysenko, L.L., Mishchuk, N.A., Colloid. Surface. A., 
 2009, no. 333, pp. 59–66. 
22.  Alcantara, M.T, Gomez, J., Pazos, M., and Sanroman, M.A., 
 J. Hazard. Mater., 2009, no. 166, pp. 462–468. 
23.  Yang, J.-W., Lee, Y.-J., Park, J.-Y., Kim, S.-J., and Lee, J.-Y., 
 Eng. Geol., 2005, no. 77, pp. 243–251. 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


