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Abstract−The presence of abundant fluorides in soil can pose potential threats to environment and human health.

We investigated the effects of pulsed electric field on electrokinetic remediation of fluorine-contaminated soil by varying

the pulse interval. Although the remediation time was increased, experimental results indicated pulse-enhanced electroki-

netic remediation could improve the removal efficiency of fluorine better than the conventional electrokinetic remedia-

tion in the same intensity of electric field. The fluorine removal efficiency of the former (30 min, pulse interval) was

80.93% and that of normal electrokinetic remediation was 72.40%, because pulsed electric field could reduce the con-

centration polarization and increase the electrical current, electroosmotic flow and the electrical voltage part in soil

cell. Therefore, in the later phase of electrokinetic remediation, when electrical current and the fluorine removal efficiency

decreased obviously, at this time the pulse-enhanced method would be a considerable choice to eliminate fluorine in

contaminated soils.
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INTRODUCTION

China is facing a grave situation in soil pollution, and a large num-

ber of pollutants caused by human activities have entered into the

soil with the rapid urbanization, and industrial and agricultural devel-

opment. These soil contaminants include heavy metal pollutants

such as cadmium, lead, chromium and nickel, organic pollutants

such as benzene, toluene and trichloroethylene, and other pollut-

ants, such as fluoride. Soil contamination with fluorides is usually

ignored compared to soil pollution by heavy metals and organic

pollutants. One important reason is that fluorine is considered by

some people as one of the beneficial elements to human beings that

do no harm to the body. Sure, small amounts of fluorides may be

beneficial for bone strength and reduce tooth decay. But high concen-

tration of fluorine and its compounds are also dangerous for humans,

plants and animals [1,2]. For sodium fluoride, the lethal dose for a

70 kg adult is 5-10 g (32 to 64 mg elemental fluorine/kg body weight)

[3]. Chronic excess fluoride consumption can lead to skeletal fluo-

rosis, a disease of the bones that affects millions in China. Besides

being toxic, high concentration of fluorine ions leads to the inhibi-

tion of some enzyme reactions, to the linking of biogenous ele-

ments and the disturbance of their balance in the organism [4]. In

addition, soil pollution by fluorides has an unfavorable effect on

the surrounding environment. Considerable amounts of fluorides

can be leached from contaminated soil and cause groundwater con-

tamination, and high concentration of fluorides can be absorbed by

plants, which affects the growth and development of plants. There-

fore, decontamination of the fluorine-contaminated soil is one of the

most important challenges.

Electrokinetic remediation is an effective and green technology

that was introduced for the remediation of soil, sludge and sedi-

ment contaminated with inorganic and organic pollutants. The basis

of electrokinetic remediation lies in the application of a low inten-

sity direct electric current to the contaminated environment [5]. On

direct current electrical field, contaminants can be transported by

electroosmosis, electromigration and other processes to either the

cathode or anode, and the accumulative contaminants are extracted

by the following methods: adsorption/electroplating onto the elec-

trode, precipitation at the electrode, complexing with ion exchange

resins or pumping water near the electrode [6]. Its advantages include

applicability to a wide range of contaminants, applicability in low

permeability soil and better removal efficiency [7]. Thus, electroki-

netic remediation has been successfully applied to remove a wide

range of contaminants, such as a variety of heavy meals, organic

pollutants, and other pollutants such as uranium from contaminated

soil, sludge and sediment [8-16].

Our group used electrokinetic remediation technology to remove

fluorides from contaminated soil. Experiments proved that the method

is feasible, but the removal percent of fluorides is lower in general

if no enhancing treatment is applied, especially the later phase of

remediation experiment [17]. Now it was reported that electroki-

netic remediation method can also use ion exchange membrane for

separation of contaminated soil and the electrolyte in the electrode

compartment. The main purpose for using an ion exchange mem-

brane is that ions are hindered in entering contaminated soil from

the electrode compartment. Therefore, no electric current is wasted

for carrying ions from one electrode compartment to another, which

can enhance the remediation efficiency [18,19]. But the coming prob-

lem is concentration polarization. Concentration polarization refers

to the emergence of concentration gradients at a membrane/solution

interface resulting from selective transfer of some species through

the membrane under the effect of transmembrane driving forces

[20]. Concentration polarization can affect the performance of the

remediation process. When an electric current is passed through an



Pulse-enhanced electrokinetic remediation of fluorine-contaminated soil 2009

Korean J. Chem. Eng.(Vol. 31, No. 11)

ion exchange membrane, the ionic concentration on the surface of

membrane is decreased due to concentration polarization. There

are no more ionic species available to carry the current. Thus, the

voltage drop across the boundary layer increases, resulting in a higher

energy consumption [21]. Recently, it was reported that pulsed elec-

trokinetics could improve the removal efficiency of heavy metals

and decrease the effect of concentration polarization. The reason is

that using a pulsed electric field, during the period with current “OFF”,

the diffusion gradients (produced during the period with current

“ON”) can be diminished [22-25]. Therefore, we tried to use elec-

trokinetic method by applying pulsed electric field to remove fluo-

rides from contaminated soil at different pulse interval. Feasibility

of pulse-enhanced electrokinetic remediation with ion exchange

membrane on fluorine-contaminated soil was investigated.

MATERIALS AND METHODS

1. Site-specific Soil

The site-specific soil samples used in this study were collected

from fluorine-contaminated farmland near an aluminum smelting

plant in Luoyang City, China’s Henan province. They were sam-

pled from the surface layer (0-20 cm) using a plastic spade and were

silty loam. The collected soil samples were air-dried and analyzed

for the characteristics [26]. The fluorine concentration, organic mat-

ter content and pH of soil samples were 1,437 mg/kg, 1.764% and

7.862, respectively. Five binding fractions (Ws: water soluble frac-

tion; Ex: exchangeable fraction; Fe/Mn: fraction associated with

Fe and Mn oxides; Or: fraction associated with organic matter; Res:

residual fraction) of fluorine were analyzed by sequential extraction.

In this study, fluorine, mainly bound to the water soluble fraction

(69.92%) and the residual fraction (20.95%) in fluorine-contami-

nated soil samples. Ex-F, Fe/Mn-F and Or-F in the soil were 1.918%,

3.497%, 3.715%, respectively. Under ambient conditions, the soil

samples were air-dried and sieved through the 2-mm nylon sieve

prior to their use.

2. Electrokinetic Experiments

Electrokinetic experiments were performed in a self-made exper-

imental apparatus (see Fig. 1 for the schematic of the apparatus).

In every electrokinetic experiment, 200 ml distilled water and

600 g dry soil sample were mixed and packed into the soil cell of

apparatus. Distilled water was also used as the anolyte and catholyte.

At a 15 ml/min flow rate, a four-channel peristaltic pump was used

to circulate the electrolyte in the electrode compartment and elec-

trolyte reservoir. The electrolyte of the electrode compartment and

electrolyte reservoir was refreshed every 24 hours and the cumula-

tive fluorides in anolyte and catholyte were measured. After elec-

trokinetic experiment, the fluorides in the membranes were leachinged

by TISAB (total ionic strength adjusting buffer, 85 g NaNO3 and

58.80 g C6H5Na3O7·2H2O/trisodium citrate dihydrate in one liter) and

added into the corresponding electrolyte (anion exchange mem-

brane corresponded to anolyte and cation exchange membrane cor-

responded to catholyte). Then the treated soil was taken out and

segmented to ten equal slices, dried and crushed lightly in a mortar

by hand before the measurement of fluorine concentration and soil

pH.

The cyclic process of pulsed electric fields consisted of a period

with electric current in “ON” (application of an electric field) fol-

lowed by a period with electric current in “OFF” (no application of an

electric field). The specific experimental conditions are in Table 1.

3. Analytical Methods

An alkali fusion-selective ion electrode technique was used to

measure total fluoride in soil (fluoride ion selective electrode, SPSIC,

China) [27]. Before the measurement, TISAB was added to liber-

ate fluorine ion, and adjust the pH of the solution to 5.5. Soil pH

was determined in the ratio 1 : 2.5 of soil : distilled water suspen-

sion by the pH meter (pHS3C, SPSIC, China). The organic matter

content of soil was measured by the PE-2400 elemental analyzer

(PerkinElmer, USA). Electrical current through the soil cell and volt-

age in the different parts of electrokinetic apparatus were measured

using the multimeter (F15B, Fluke, USA) during the remediation

process. The sequential extraction procedure to fractionate differ-

ent forms of fluorine in soil is listed in Table 2 [28]. To ensure data

quality, all chemical analyses were performed in duplicate.

RESULTS AND ANALYSIS

1.Electrical Voltage in the Different Parts of Experimental

Apparatus

Electrical voltage is one of the key factors in the electrokinetic

remediation of contaminated soil. During electrokinetic remediation

Fig. 1. A schematic diagram of the experimental apparatus (not
to scale).
1.The DC power supply (GPC6030D, Gw instek, China); 2.The
soil cell (10 [L] cm×6 [W] cm×8 [H] cm); 3, 4. The electrode
compartment (4 [L] cm×6 [W] cm×8 [H] cm); 5, 6. Working
electrode (graphite sheet, 1 [L] cm×6 [W] cm×8 [H] cm); 7.
Anion exchange membrane (3361BW, Shanghai Shanghua
Water Treatment Material Co., Ltd.); 8. Cation exchange mem-
brane (3362BW, Shanghai Shanghua Water Treatment Mate-
rial Co., Ltd.); 9, 10. The electrolyte reservoir; 11-14. 4-Channel
peristaltic pump (BT00-300T/DG-4, longerpump, China); 15,
16. Simple flow regulator; 17. Timer

Table 1. Electrokinetic experimental conditions

Run
Anolyte/

Catholyte

Voltage

(V)

Treatment

time (h)

Power on/

Off interval (min)

A Distilled water 40 120 Normal

B Distilled water 40 120 030

C Distilled water 40 120 060

D Distilled water 40 120 090

E Distilled water 40 120 120
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using ion exchange membrane, the removal process is briefly divided

into two steps: transport in the contaminated soil and transport across

the ion exchange membrane to electrode compartment [23]. In the

presence of ion exchange membrane, variations of electrical volt-

age between both ends of soil cell, contaminated soil and electrode

(across the ion exchange membrane) can indicate the running state

of electrokinetic remediation. Electrical voltage in the different parts

of electrokinetic apparatus is shown in Fig. 2. In the figure, V1 is

the electrical voltage across anion exchange membrane between

the anode and the left contaminated soil; V2 is the electrical voltage

part between both ends of soil cell, and V3 is the electrical voltage

across cation exchange membrane between the cathode and the right

contaminated soil.

From Fig. 2, V1 and V3 exhibited the same trend. Because total

voltage remained the same (40 V) in this experiment, therefore the

changing trend of V2 was exactly opposite to V1 and V3. Meanwhile,

from Fig. 2(a) and Fig. 2(b), the highest voltage drop occurred in

the parts across the anion exchange membrane (V1) and through the

contaminated soil (V2), and the two parts were the main contribu-

tor of energy consumption.

Concentration polarization occurred in the ion exchange mem-

brane, because V1 and V3 increased gradually with time. Meanwhile,

V1 and V3 in the pulse current system (run B-E) were obviously

lower than that in the normal direct current system (run A), and V1

and V3 decreased gradually with the decrease of power on/off inter-

val. It proved that the pulse current could decrease the voltage drop

of this part effectively and control the concentration polarization;

therefore these saved voltages can be distributed to the soil cell (V2)

to drive the transfer of fluorides from the contaminated soil, which

can partly explain the probable reason for higher fluorine removal

in pulse-enhanced electrokinetic remediation with shorter power

Table 2. The sequential extraction procedure to fractionate different forms of fluorine in soil

Fluorine species Extract Condition

Ws-F Distilled water Shake 0.5 h at 60 oC

Ex-F 1.0 mol/L MgCl2 Shake 1 h at 25 oC

Fe/Mn-F 0.04 mol/L NHOH·HCl Shake 1 h at 60 oC

Or-F 0.02 mol/L HNO3+30% H2O2+3.2 mol/L NH4Ac Shake 0.5 h at 25 oC

Res-F The total fluorine content minus other forms of fluorine in soil

Note: Ws (water soluble fraction); Ex (exchangeable fraction); Fe/Mn (fraction associated with Fe and Mn oxides); Or (fraction associated

with organic matter); Res (residual fraction)

Fig. 2. Electrical voltage in the different parts of the experimental
apparatus.

Fig. 3. Changes of current across soil cell during electrokinetic re-
mediation.
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on/off interval (Run B).

2. Electrical Current Across Soil Cell

During the electrokinetic remediation process, the variations of

electrical current across soil cell are shown in Fig. 3. Electrical cur-

rent in five runs showed the same trend. The electrical current first

increased, reached a maximum, and then gradually decreased. The

reason is that when the voltage gradient was established, electrical

current was first low because it took some time for electrolyte to

enter the contaminated soil and for soil contaminants and minerals

to dissolve and desorb from the soil surface. After 24 hours, the elec-

trical current reached a maximum because of electromigration of

pollutants to electrode and high ion concentrations in pore fluid.

Then thte electrical current began to decrease due to the decrease

in the migration of anions and cations in pore fluid. Furthermore,

hydroxide ions moving towards the anode can be neutralized by

hydrogen ions moving towards the cathode, hence forming water

and decreasing the ion concentration in the system.

Obviously, the electrical current in the pulse current system (run

B-E) was higher than that in the normal direct current system (run

A). Meanwhile, with the decrease of power on/off interval, electri-

cal current through soil cell increased gradually, especially between

run C (60 min interval) and run D (90 min interval), and run D (90

min interval) and run E (120min interval). Run B exhibited the high-

est electrical current value in five runs. The reason is that more high

transient current occurred in the pulse current system with the shorter

power on/off interval, and pulse current could control the concen-

tration polarization and lower the resistances of ion exchange mem-

brane effectively. But between run B and run C, the dominance di-

minished.

3. Electroosmotic Flow During Electrokinetic Experiment

Electroosmotic flow is the motion of liquid induced by an applied

potential across a porous soil. Some soluble fluorides and fluorine

complexes in the contaminated soil could be removed by elec-

troosmotic flow. At a basic pH, the surface charge of soil particles is

negative and electroosmotic flow is toward the cathode [29]. Dur-

ing the electrokinetic experiment, electroosmotic flow was calculated

by measuring the volume change in the catholyte; the cumulative

amount of electroosmotic flow is shown in Fig. 4. Except for run

E, electroosmotic flow in the pulse current system was also higher

than that in the normal direct current system, and increased gradu-

ally with the decrease of power on/off interval.

Electroosmotic flow of electrokinetic remediation can be calcu-

lated [30]:

Q
e
=K

eo
PA (1)

where Q
e
 (cm3/s) is the electroosmotic flow, K

eo
 (cm2/Vs) is the co-

efficient of electroosmotic permeability, P is the electrical potential

gradient (V/cm), and A (cm2) is the cross-sectional area of the soil.

According to the equation, electroosmotic flow is directly propor-

tional to the electrical potential gradient under the assumptions of

constant porosity and a constant coefficient of electroosmotic per-

meability. From Fig. 2(b), run B exhibited the maximum electrical

potential gradient in both ends of the soil cell; therefore, run B had

the largest Q
e
 compared to other experimental runs. Meanwhile,

though run E had higher electrical potential gradient than run A,

the longer “OFF” time affected significantly the motion of liquid,

so run E had the minimum Q
e
.

4. Soil pH After Electrokinetic Experiment

Variations of soil pH are shown in Fig. 5. Electrokinetic remedi-

ation using ion exchange membrane can also change soil pH. When

the applied current density reaches the limiting current density of

the membrane, water splitting will happen at the interface between

membrane and solution as a consequence of concentration polar-

ization. Thus, though H+ and OH− are hindered in entering con-

taminated soil from the electrode compartment by ion exchange

membrane, H+ generated by water splitting at the anion exchange

membrane transported toward the cathode by electromigration and

resulted in a decreased soil pH in the anode region [23]. Water split-

ting can also take place at the cation exchange membrane, and OH−

produced by electrolysis reaction migrated from cathode to anode

and resulted in an increased soil pH in the cathode region. There-

fore, after the electrokinetic experiment, soil pH gradually increased

from anode to cathode.

Though soil pH for five runs exhibited the same trend, there was

some minor difference in soil pH between runs A, B, C, D and E.

From Fig. 5, in the run A, pH value was higher near the anode and

was lower near the cathode than that at the runs B, C, E and D, which

was ascribed to the fewer electrode reactions and the lower pro-

duce rate of H+ and OH− in run A.

Fig. 4. Electroosmotic flow during electrokinetic remediation. Fig. 5. Soil pH in soil sections after electrokinetic remediation.
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5. Fluorine Removal from Contaminated Soil

Fig. 6 shows the concentration of residual fluorine in ten soil sec-

tions after electrokinetic remediation. The cumulative amount of

fluorine of five runs in the anolyte and catholyte is shown in Fig. 7,

during the electrokinetic remediation process.

From Fig. 6, compared to the initial total fluorine concentration

(1,437 mg/kg), the concentration of fluorine in treated soil obvi-

ously decreased (all experimental runs). As fluorine has a negative

charge, fluorides desorbed from contaminated soil were moved across

the anion exchange membrane to the anode by electromigration.

Meanwhile, fluorine could also be removed as soluble fluorides and

fluorine complexes by electroosmosis flow. This combination of

electromigration and electroosmosis flow eliminated fluorine in the

contaminated soil; therefore the concentration of fluorine in treated

soil decreased.

From Fig. 7, under the chosen experimental conditions, it was

Fig. 6. Residual fluorine concentration in soil sections after elec-
trokinetic remediation.

Fig. 7. Cumulative mass of fluorine in the electrolyte during electrokinetic remediation.
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apparent that run B had the highest removal efficiency of fluorine

in five experimental runs (80.93%, which was calculated accord-

ing to the cumulative amount of fluorine in anolyte (587.6 mg) and

catholyte (110.2 mg)/total fluoride content in 600 g contaminated

soil (1437*0.6=862.2 mg)). Experimental results showed that pulse-

enhanced electrokinetic remediation was a more effective method to

remove fluorine pollutants from contaminated soils, because of higher

electric current and V2 quickly to migrate fluorine to the electrode.

Meanwhile, in Fig. 7, cumulative fluorine in anolyte is much more

than that in catholyte in all experiments. This indicates that elec-

tromigration was the predominant removal mechanism for electro-

kinetic remediation of fluorine-contaminated soils. After electrokinetic

experiments, 60.35%, 68.15%, 65.12%, 62.76% and 61.51% of fluo-

rine in Run A-E were attracted to thte anode and removed by elec-

tromigration.

CONCLUSION

This paper provides a preliminary characterization of fluoride

removal from contaminated soil using pulsed electric fields applied

to the electroremediation cell. Although it increased the amount of

remediation time, experimental results showed that pulse-enhanced

electrokinetic remediation could improve the removal efficiency of

fluorine better than conventional electrokinetic remediation at the

same intensity. The main reason was that the pulse-enhanced method

could control the concentration polarization and increase the elec-

trical voltage part in the soil cell, electrical current and electroos-

motic flow, which favored the removal of fluorine from the soil.

Therefore, in the later phase of the electrokinetic experiment, when

electrical current and the fluorine removal efficiency obviously de-

creased, at this time the pulse-enhanced method was a consider-

able choice to eliminate fluorine in contaminated soils.

ACKNOWLEDGEMENT

The authors acknowledge the financial support for this study by

Youth Scientific Funds of Henan University of Science and Tech-

nology (2012QN036).

REFERENCES

1. J. A. Camargo, Chemosphere, 50, 251 (2003).

2. M. Domingos, A. Klumpp, M. C. S. Rinaldi, I. F. Modesto, G.

Klumpp and W. B. C. Delitti, Plant. Soil, 249, 297 (2003).

3. R. Liteplo, R. Gomes, P. Howe and H. Malcolm, World Health Orga-

nization, Geneva, 100 (2002).

4. G. A. Evdokimova, Chemosphere, 42, 35 (2001).

5. A. N. Alshawabkeh, A. T. Yeung and R. M. Bricka, J. Environ. Eng.,

125, 27 (1999).

6. P. Lu, Q. Y. Feng, Q. J. Meng and T. Yuan, Sep. Purif. Technol., 98,

216 (2012).

7. V. Jurate, S. Mika and L. Petri, Sci. Total. Environ., 289, 97 (2002).

8. G. Peng, G. Tian, J. Liu, Q. Bao and L. Zang, Desalination, 271, 100

(2011).

9. J. L. Chen, S. F. Yang, C. C. Wu and S. Ton, Sep. Purif. Technol.,

79, 157 (2011).

10. L. Cang, Q. Y. Wang, D. M. Zhou and H. Xu, Sep. Purif. Technol.,

79, 246 (2011).

11. A. Giannis, D. Pentari, J. Y. Wang and E. Gidarakos, J. Hazard.

Mater., 184, 547 (2010).

12. P. Zhang, C. J. Jin, Z. H. Zhao and G. B. Tian, J. Hazard. Mater., 177,

1126 (2010).

13. V. R. Ouhadi, R. N. Yong, N. Shariatmadari, S. Saeidijama, A. R.

Goodarzia and M. Safari-Zanjania, J. Hazard. Mater., 173, 87 (2010).

14. C. S. Jeon, J. S. Yang, K. J. Kim and K. Baek, Clean-Soil. Air. Water,

38, 189 (2010).

15. J. W. Ma, F. Y. Wang, Z. H. Huang and H. Wang, J. Hazard. Mater.,

176, 715 (2010).

16. G. N. Kim, D. B. Shon, H. M. Park, K. W. Lee and U. S. Chung, Sep.

Purif. Technol., 80, 67 (2011).

17. S. F. Zhu, J. H. Zhang and T. Y. Dong, Environ. Earth Sci., 2, 379

(2009).

18. L. M. Ottosen, H. K. Hansen, S. Laursen and A. Villumsen, Envi-

ron. Sci. Technol., 31, 1711 (1997).

19. H. K. Hansen, A. Rojo and L. M. Ottosen, J. Hazard. Mater., 117,

179 (2005).

20. E. M. V. Hoek, M. Guiver, V. Nikonenko, V. V. Tarabara and A. L.

Zydney, Encyclopedia of Membrane Science and Technology, 3,

2219 (2013).

21. T. R. Sun, L. M. Ottosen and P. E. Jensen, J. Hazard. Mater., 237-

238, 299 (2012).

22. H. K. Hansen and A. Rojo, Electrochim. Acta, 52, 3399 (2007).

23. T. R. Sun and L. M. Ottosen, Electrochim. Acta, 86, 28 (2012).

24. B. G. Ryu, S. W. Park, K. Baek and J. S.Yang, Sep. Purif. Technol.,

44, 2421 (2009).

25. B. G. Ryu, J. S. Yang, D. H. Kim and K. Baek, J. Appl. Electrochem.,

40, 1039 (2010).

26. Y. Lee and S.-W. Oa, Environ. Eng. Res., 17, 145 (2012).

27. N. R. Mcquaker and M. Gurney, Anal. Chem., 49, 53 (1977).

28. W. Chen, Bioinformatics and Biomedical Engineering (ICBBE

2010), 1 (2010).

29. D.-H. Kim, C.-S. Jeon, K. Baek, S.-H. Ko and J.-S. Yang, J. Haz-

ard. Mater., 161, 565 (2009).

30. J. Hamed, Y. Acar and R. Gale, J. Geotech. Energy, 117, 241 (1991).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 800
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


