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A B S T R AC T

Factors affecting the effi ciency of electrochemical recovery of Zn (II) from its ethylenedi-
aminetetraacetic acid (EDTA) complexes were systematically examined using three types of 
 cation-exchange membranes in a two compartment electrolysis cell. In these experiments, 
the catholyte contained an equimolar amount of Zn (II) and EDTA, and the anolyte contained 
0.1 M NaNO3. The platinium and stainless steel were used as an anode and a cathode, respec-
tively. The effect of current densities, metal concentration, the type of the cation-exchange 
membrane on the recovery of metals were determined. It was found that recovery of Zn (II) 
increased with increase of current density, concentration of catholyte solution, concentration 
ratio between metal—chelate and changed with the type of membrane in CMB>CMS>CMX 
order. The obtained numerical results showed that electrodeposition seems to be applicable 
method for the recovery of metals under appropriate conditions.
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1. Introduction

The streams containing strong chelating agents such 
as ethylenediaminetetraacetic acid (EDTA), Nitrilotri-
acetic acid (NTA) and citrate were often encountered 
in remediation washing of heavy metal-contaminated 
soils [1–4]. These constituents were not only present in 
the process or waste effl uents of manufacturing printed 
circuit boards for electroless copper plating and of some 
metal fi nishing industries [5,6] but also they have been 
used in many industrial applications such as water soft-
ening, photography, textile processing and industrial 
cleaning, etc., and bind with metal cations, preventing 
them from forming insoluble salts or other process prob-
lems. Furthermore; they complicate the treatment of 
industrial polluted effl uents by reducing the effi ciency 
of metal removal using traditional chemical precipitation 
ion exchange and other processes [7,8]. EDTA, NTA and 
citrate may make the chemical precipitation  methods 

involving hydroxides and sulfi des less effective, even 
with relatively high levels of metals. Moreover, the high 
buffer capacity provided by the complexing agents 
requires excessive amounts of chemicals to neutralize 
the alkalinity. These problems and restrictions warrant 
investigations to other recovery alternatives [9].

The recovery methods, which depend greatly on the 
particular chelating agent and metals as well as their 
concentrations, are generally grouped into three catego-
ries as chemical, physical and electrochemical. Among 
them, electrochemical method seems to be advanta-
geous particularly for concentrated solutions. In these 
methods, the main concern becomes the recovery and 
reuse of metals and complexing agents [10,11]. Regard-
less of which concentration method is being used, how-
ever, the chelated metals can not be destroyed and the 
fi nal step should be aided via electrolysis operation 
types [12,13]. For diluted solutions, ion exchange res-
ins, adsorption onto activated carbon, inorganic materi-
als and functional polymers have been tried [5,14–17]. 
In addition to these facilities, some problems can occur 
such as the oxidation of EDTA into many compounds. *Corresponding author.
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Thus, simultaneous recovery of metals and chelating 
agents is not possible using common electrolytic meth-
ods. On the other hand, one of the most important tech-
nique in these electrolytic methods, electrodeposition, 
has been usually applied for the recovery of metals from 
waste water or electroplating [18]. Electrodepositon is 
an electromembrane process in which ions are trans-
ported through ion permeable membranes from one 
solution to another under the infl uence of a potential 
gradient and deposited on the electrode surface. The 
electrical charges on the ions allow them to be driven 
through the membranes fabricated from ion exchange 
polymers. Although various separation membranes 
such as membranes for microfi ltration, nanofi ltration, 
ultrafi ltration, reverse osmosis, pervaporation, gas sep-
aration and liquid membranes, etc. have been studied 
and industrially used, the ion-exchange membrane is 
one of the most advanced separation materials among 
these separation membranes. The essential property of 
the cation-exchange membrane and anion-exchange 
membrane is to selectively permeate cations or anions 
through the membrane.

In this work, attention was paid to examine the 
recovery of zinc from its complexed solutions by using 
commercial cation-exchange membranes with electrode-
position method. Experiments were carried out by tak-
ing at equimolar Zinc (II)-EDTA as a function of current 
density, types of membranes, metal concentration.

2. Experimental details

2.1. Materials

All chemicals were purchased from Merck and were 
reagent grade. The catholyte solution was prepared by 
dissolving of Zinc (II) from sulfate form and EDTA in 
deionized water at equimolar. The anolyte solution was 
0.1 M NaNO3. The cation-exchange membranes selected 
in this work were Neosepta CMB, CMS and CMX kindly 
offered from Eurodia Co. They are homogeneous fi lms 
comprising cross-linked sulfonated co-polymers of vinyl 
compounds on synthetic reinforcing fabric as listed in 
Table 1 [19].

2.2. Experimental procedures and chemical analysis

The apparatus for electrodeposition experiments is 
illustrated in Fig.1, which is made of from polyamide. 
Two chambers were attached by means of inserting two 
screws on their fl anges with a cation-exchange mem-
brane in between. The membrane was cut as a circle with 
a diameter of 30 mm and glued into the inner mount-
ing wall of the two chambers with silicone rubber seal-
ant to prevent any leakage between the chambers. The 
electrodes were fi tted in the inner wall of apparatus and 
were symmetrically separated about 65 mm from the 
membrane surface. A stainless steel and Pt were used 
as a cathode and anode, respectively and their active 
dimensions were 30 mm. The fl ow of solutions was per-
formed by peristaltic pump (913 Mity Flex, double-way). 
The power supply used in elelectrolysis experiments 
was capable of supplying a potential of up to 32 volt and 
a direct current of up to 2 amp.

An equal volume (250 mL) of the anolyte and the catho-
lyte solution was fi lled in the respective chamber. The exper-
iments were carried out at the constant current by changing 
the cell voltage according to the variation of the current. 
As expected, vigorous mixing reduced the thickness of the 
double layer adjacent to the electrodes, thereby enhancing 
mass transfer of the chelates toward to the cathode [7]. For 
this reason, the stirring speed of 500 rpm was selected to 
prevent the formation of a serious vortex in the electrolytic 
cell. Samples were taken at time intervals (for 15 min) from 
the cathode chamber and also from the anode chamber 
in the beginning and fi nishing time of the  experiment to 
observe whether metal ions transport to the anode cham-
ber or not. The concentration of Zn (II) ion was analyzed 
by an atomic absorption spectrophotometer (Unicam 929). 
The experiments were performed at 25 ± 1oC. Each experi-
ment was duplicated under identical  conditions.

The following steps were conducted for all mem-
brane samples (7,065 cm2): Prior to use, all membranes 
were treated with distillated water at 70oC for 1 h, 0,1 M 
HCl and 0.1 M NaOH at 50oC for 1 h respectively to 
remove inorganic impurities. The resulting membranes 
were fi nally immersed in 1 M HCl solutions to transform 
membranes to their hydrogen form for 24 h and were 
used for electrodeposition experiments.

Table 1
Properties of the cation-exchange membranes.

Membrane CMB CMS CMX

Functional group Polysulphone Polysulphone Polysulphone
Ion-exchange capacity (meq/g) 2,7–2,8 2,0–2,5 1,5–1,8
Thickness (µm) 220–260 140–170 170–190
Water content (%) 33–41 35–45 25–30
Burst strength (Ω cm2) 3,0–5,0 Ω-cm2 1,5–3,5 Ω-cm2 2,0–3,5 Ω-cm2
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3. Results and discussion

3.1. Reactions involved in the electrodeposition cell

EDTA is all polyprotic acid (HxL) which can exist in 
many protonated forms in aqeous solutions. It can form 
stable chelates with most divalent metals in a 1:1 molar 
ratio over a rather wide pH range [20].

The catholyte pH increased during electrolysis due 
to the production of OH– at the cathode in the reaction 8; 
in addition to this H+ is generated at the anode such in 
reaction 1, as a result of this the pH of anolyte solution 
decreased during the experiment. Hence, when a cur-
rent is applied, the following reactions may occur at the 
anode:

2H2O → O2 + 4H+ + 4e− E0 = −1.229 V  (1)
H2O → H+ + OH− E0 = −0.828 V  (2)
4OH− → O2 + 2H2O + 4e −  E0 = −0.401 V   (3)
2OH− → H2O2 + 2e −    E0 = −0.547 V  (4)
H2O2 → O2 + 2H+ + 2e  −  E0 = −0.682 V.  (5)

Whereas at the cathode:

O2 + 2H2O + 4e − → 4OH−  E0 = 0.401 V (6)
2H+ + 2e − → H2    E0 = 0 V (7)
2H2O + 2e − → H2 + 2OH−  E0 = −0.828 V (8)
Zn+2 + 2e − →  Zn0  E0 = −0.764 V. (9)

Evidently the evolutions of O2 and H2 gases are the 
main side reactions at the anode and cathode, respec-
tively, which would reduce the current effi ciency [7]. In 
addition to this the binding affi nity of the Zn (II)–EDTA 
complexes can not fully explain the fact that of percent 

of recovery values. This indicates that a small amount 
of electric energy is needed to destroy the complexes. 
Most of the energy is consumed to facilitate side reac-
tions, migrate the chelated anions towards the anode, or 
transfer Na+ across the membrane [10]. It appears that 
the reduction tendency of metal ions plays an impor-
tant role; that is the reaction of equation (10) occurs in 
two steps:

ML2− + 2e − → M(s) + L4− (10)
1.  ML2− → M2+ + L4− (by virtue of applied

cell voltage) Step 1
2. M2+ + 2e − → M(s) Step 2

The standart reduction potential in step 1 can change 
due to the metal. The present results imply that the che-
lated anions are destroyed (step 1), possibly on the out-
side of electric double layer of the cathode, before the 
metals are deposited onto the cathode [21].

3.2. Equations used in calculations

Some equations were used for estimations to evalu-
ate the experiment results.

Here as recovery value of the metal; R was calculated 
from the following equation:

R (%) =100  
actual amount of metal deposited onto the cath

×
oode

 Initial amount of metal in the catholyte
 (11)

Here, η is commonly defi ned as: [22]

η × (%) =100  
actual amount of metal deposited onto the cathoode 

amount of metals deposited based on the Faradays law oof electrolysis

 (12)

It is found that η monotonously decreases with 
increasing current density, which agrees with the result 
obtained previously [23]. The lower η at a higher current 
density was a result of the larger extent of side reactions 
such as the evolution of O2 and H2 gases. When a current 
was applied to the electrolysis cell, the anolyte provided 
Na+ to carry the current through the cation-exchange 
membrane into the cathode chamber and to regenerate 
EDTA to its sodium form. To maintain the electroneu-
trality in the anolyte, the loss of Na+ must be accompa-
nied with a generation of other cations, that is, H+ via 
the oxidation of water (Eqs. 1, 2 and 5). At a higher cur-
rent density, the more Na+ was transferred and therefore 
the more H+ was required, which reduced η to a more 
extent.

In the discussion of feasibility of electrolytic pro-
cesses, it is accepted that the energy effi ciency, defi ned as 
the energy consumed to produce an amount of product 
(kWh/kg), should be taken into account. In  particular, 

Fig. 1. The diagram used for Electrodeposition  experiments.
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it is of great importance for electrolysis in diluted elec-
trolyte solutions and the operation using cells having 
membrane separator or diaphragm [13]. Owing to the 
constant-current operation in our study, the energy effi -
ciency was not easily presented because the cell voltage 
signifi cantly changed during electrolysis.

3.3. Effect of current density on electrodeposition

The effect of current density on Zn (II) recovery, RZn, 
from aqueous EDTA solutions is shown in Fig. 2. It was 
found that RZn increases with increasing electrolysis time 
and current density. As it is seen from the Fig. 2 that the 
recovery value of Zn (II) increased in that order: 45 mA 
>30 mA>15 mA but the assay of this augmentation var-
ied with type of metal in the catholyte solution [24]. For 
example, when the metal of catholyte solution is  copper 
in our previous studies, the recovery value of copper 
was 23.07% after 180 min at the current density of 35 
mA. The corresponding values at the current density of 
25 and 15 mA were 19.19 and 8.47, respectively [24,25].

The effect of the stirring speed was not examined 
because a more vigorous mixing reduces the thickness 
of the double layer adjacent to the electrodes, enhanc-
ing mass transfer of the chelates and the deposition of 
metals onto the cathode, by the way recovery of metals 
increase with increasing the stirring speed [12].

3.4. Effect of membrane types on electrodeposition

The cation-exchange membranes selected in this 
study were CMB, CMS, CMX and their properties are 
presented in Table 1. The effect of membrane types on 
recovery of Zn (II) from EDTA is shown as a graph in 
Fig. 3. As it is seen from the Fig. 3 that the amount of 
Zn (II) depozited onto the cathode increased in that 

order: CMB>CMX>CMS. The differences in the results 
of these experiments were explained with the structure 
of the membranes (Table 1). Although for three types of 
the cation-exchange membranes functional groups were 
same, they have some differences from the point of view 
ion exchange capacity, thickness, water content and burst 
strength. By the way in the results of the  membrane type, 
there was a signifi cant variation between the membrane 
types due to these differences especially as a result of 
their ion exchange capacity. Among these membranes 
the best membrane for the recovery of Zn (II) was 
found as CMB because CMB membrane has max ion-
exchange capacity than the others. This comment can 
be made for the other membrane types. The results that 
were obtained from our previous studies it can be easily 
understood that, this membrane arrange is the same; as 
an example, the variations of slopes between the CMB 
and CMS membranes are 0.0289; 0.0211 and 0.0596 for 
copper, nickel and cobalt, respectively [25].

3.5. Effect of catholyte concentration on electrodeposition

The experiments were performed using catholyte 
solution having different concentrations (0.001; 0.003; 
0.005 M) although the Zn (II)–EDTA concentration ratio 
was 1:1. Fig. 4 shows the effect of Zn (II)–EDTA catholyte 
concentration on electrolysis. For example; for the con-
centration of catholyte solution as 0.001, it means that 
[Zn (II)] = [EDTA] = 0.001 because the ratio between the 
metal and the chelate is 1:1, this ratio does not change 
for the concentration experiments of this study. By the 
way increasing in the concentration of catholyte means 
increasing in the metal concentration. Although the 
metal-chelate concentration was remained, it was clear 
that the amount of metal was rised in unit volume 
because of this recovery of metal value increased.
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Fig. 2. The effect of current density on RZn from EDTA at
45 mA with CMB membrane.
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Fig. 3. The effect of the membrane type on RZn from EDTA 
at 45 mA.
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3.6. Effect of the concentration ratio of Zn (II):
EDTA on electrodeposition

Different concentration ratio of Zn (II)–EDTA was 
also examined in order to compare the effect of the che-
lates to the deposition of Zn (II) onto the electrode. The 
recovery values of Zn (II) as a graph is demonstrated in 
Fig. 5. In general, increasing of Metal concentration (M):
Chelate concentration (C) causes to increase the driving 
force for mass transfer and thus facilitates the deposition 
of metal onto the cathode. This reduces the occurrence of 
side reactions and increases the total amount of species 
recovered rather than recovery of metals. In the experi-
ments, that is occurred in different metal-chelate con-
centration ratio, different results were obtained due to 
the effect of the amount of chelates onto the unit volume 
of metal. Increasing with the concentration of chelating 
agent or decreasing with the ratio of M:C concentration, 
amount of the metal, recovered on the cathode, was 
decreased due to the permission of the chelate to metal 

to transport toward to surface of cathode. If the previous 
studies results compared with each other in their own 
fi eld, the distinction between the different ratio of M:C 
concentration changed according to the type of metal. 
For example; while the difference of slopes between 
M:C = 1 and M:C = 1/2 is 0.0144 for copper, this differ-
ence varied as 0.0167 for nickel [25].

3.7. Effect of the type of metal on electrodeposition

The experiments were performed to compare of the 
effect of the type of the metal without chelating agents 
to the deposition of metal onto the cathode under the 
optimum conditions. The results obtained from these 
experiments are shown in Fig. 6. In electrodeposition 
experiments of metals without chelating agents, the 
obtained results show that the recovery of copper was 
more than not only recovery of cobalt but also recov-
ery of nickel and zinc because of its standart reaction 
potential.

4. Conclusion

The factors affecting for the recovery of metals from 
complexed solutions were systematically examined. 
About the mechanism of the growth of metal electro-
deposition onto the cathode, it is basically a net result 
of the follwing three processes: (i) transfer of metal ions 
(including hydrated and chelated) toward to the cath-
ode surface due to diffusion, convection and migration, 
(ii) transfer of electrons toward the cathode surface to 
form an adatom and (iii) diffusion of adatom into the 
crystal lattice after sliding along the cathode surface. The 
drawback of using the special two compartment cell for 
Zinc metal was demonstrated: recovery increased with 
increase of current density, concentration of  catholyte 
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Fig. 4. The effect of the catholyte concentration on RZn from 
EDTA at 45 mA with CMB membrane.
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Fig. 5. The effect of the M:C concentration ratio on RZn from 
EDTA at 45 mA with CMB membrane.
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solution and concentration ratio between metal and 
chelate. In these experiments, the least value as percent 
recovery of metal was found approximately 10%. This 
value increased due the type of the experiments upon to 
85% for zinc. For this reason the obtained results show 
that this membrane technique is applicable method for 
the recovery of metals.

References

[1] S.B. Martin and A.E. Allen, Chemtech, 26(4) (1996) 23.
[2] S.A. Wasay, S.F. Barrigton and S. Tokunaga, Environ. Tech., 19 

(1998) 369.
[3] C.E. Neale, R.M. Bricka and A.C. Chao, Environ. Prog., 16 

(1997) 274.
[4] M.C. Steele and J. Pichtel, J. Environ. Eng., ASCE 124 (1998) 639.
[5] C.N. Haas and V. Tare, React. Polym., 2 (1984) 61.
[6] R.M. Spearot and J.V. Peck, Environ. Prog., 3 (1984) 124.
[7] R.S. Juang and L.C. Lin, Sep. Sci. Technol., 35(7) (2000) 1087–1098.
[8] R.S. Juang and L.C. Lin, Sep. Pur. Technol., 22–23 (2001) 

627–635.
[9] R.S. Juang and I.P. Huang, Sep. Sci. Technol., 35(6) (2000)

869–881.
[10] R.S. Juang and S.W. Wang, Wat. Res., 34(12) (2000) 3179–3185.

[11] R.S. Juang and M.N. Chen, Ind. Eng. Chem. Res., 36 (1997) 179–186.
[12] R.S. Juang and L.C. Lin, J. Membr. Sci., 171 (2000) 19–29.
[13] R.S. Juang, S.W. Wang and L.C. Lin, J. Membr. Sci., 160 (1999) 

225–233.
[14] R.S. Juang and L.D. Shiau, Ind. Eng. Chem. Res., 37(2) (1998) 

555–560.
[15] B.E. Reed, S. Arunachalam and B. Thomas, Environ. Prog., 

13(1) (1994) 60–64.
[16] B. Nowack and L. Sigg, J. Colloid Interface Sci., 177 (1996) 

106–121.
[17] Z. Matejka and Z. Zitkova, Reactive Funct. Polym., 35(1) (1997) 

81–88.
[18] L. Doulakas, K. Novy, S. Stucki and Ch. Comninellis, Electro-

chim. Acta 46 (2000) 349–356.
[19] Catalog of Neosepta Products, 2001.
[20] F.M.M. Morel and J.G. Hering, Principles and Applications of 

Aquatic Chemistry, Wiley, New York, NY, 1997, 159–165.
[21] K.B. Oldham and J.C. Myland, Fundamentals of Electrochemi-

cal Science, Academic press, San Diego, CA, 1994, Chapter 9.
[22] R.S. Juang and L.C. Lin, Water Res., 34 (2000) 43–50.
[23] A.E. Allen and P.H. Chen, Environ. Prog. 12 (1993) 284.
[24] Y. Oztekin, Recovery of Metals from Aqueous Solutions in 

the Presence of Chelating Agents, MSc. Thesis, 2003, Selcuk 
 University.

[25] Y. Oztekin and Z. Yazicigil, Desalination, 190 (2006) 79–88.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 -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 false
  /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 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 ()
  /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 <>
    /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 [612.000 792.000]
>> setpagedevice


