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Abstract−Precipitation is a simple, efficient method for separating and recovering lactic acid in the form of calcium

lactate from fermentation broth by adding sulfuric acid. Major operating parameters of the recovery step as well as

the temperature of concentration of the recovered lactic acid solution and the type and amount of adsorbent used for

pigment (color) removal were optimized. When the molar ratio of calcium lactate to sulfuric acid was 1 : 1 and the

pH was increased to a value greater than the pKa (3.86), calcium sulfate was precipitated and could be removed more

effectively, allowing for more efficient separation and recovery of supernatant lactic acid. Precipitation could be fa-

cilitated by adding calcium lactate solution with mixing (up to 220 rpm) and was completed in over 18 h. The optimal

temperature for the concentration of lactic acid recovered from the supernatant after removing the precipitated calcium

sulfate was found to be 90 oC in terms of the time required for concentration and the stability of the product. Activated

carbon (SX-PLUS, 9 g/L) was most effective as an adsorbent for color removal from the recovered lactic acid. Under

the optimized precipitation conditions, an overall yield of 92% of lactic acid from fermentation broth could be achieved.
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INTRODUCTION

Lactic acid (2-hydroxypropanoic acid, CH3CHOHCOOH, CAS

50-21-5) is an organic hydroxycarboxylic acid produced by either

microbial fermentation or chemical synthesis, the former method

currently being used in over 50% of total production [1]. Tradition-

ally, lactic acid has been used widely in the food industry as an addi-

tive as well as in the medical industry in the production of surgical

suture. Demand for lactic acid is expected to increase as it has also

been used recently as a platform chemical for substances such as

lactic acid-base functional (biodegradable and bioactive) macromol-

ecules [2].

To be able to produce a functional, biodegradable macromole-

cule such as polylactic acid using lactic acid as a platform chemi-

cal, an economical means of mass producing high purity lactic acid

is essential. Although chemical synthesis offers a product with a

relatively low production cost, an optically inactive racemic mixture

(DL-lactic acid) is always produced. Conversely, by fermentation,

the selectivity of lactic acid can be attained by using an appropriate

bacteria species and/or by genetic engineering of the species [3-5].

However, lactic acid produced by fermentation may contain a large

amount of impurities unless an efficient recovery process is applied.

Also, efficiency of recovery is crucial to the economy of the whole

process since the cost of separation and recovery is more than half

the entire cost of production [6-10].

Methods of lactic acid separation currently in use include solvent

extraction [11], electrodialysis [12], ion exchange [13], nanofiltra-

tion [7], and reverse osmosis [5]. These methods are effective in

the primary purification of lactic acid from fermentation broth but

do not easily offer a high purity product. Traditional methods of

separation and purification involve removing microorganisms from

the fermentation broth and adding lime to precipitate calcium lac-

tate [Ca(LA)2], which is then subjected to a chemical reaction with

sulfuric acid to obtain lactic acid only after the precipitation of cal-

cium sulfate [14]. This method, however, is too complicated and

results in a low yield of lactic acid due to the high solubility of cal-

cium lactate [14,15]. Recently, a simple method was developed that

can recover lactic acid produced in the form of calcium lactate from

fermentation broth by adding sulfuric acid [16]. This method, how-

ever, cannot yet be widely applied because information on the effects

of various operating parameters on process efficiency is lacking.

Therefore, we optimized the major operating parameters of the re-

covery step as well as conditions for the concentration of recov-

ered lactic acid solution and pigment (color) removal. We believe

that the results of this study could be directly applied to mass produc-

tion of lactic acid of high purity and yield from fermentation broth.

MATERIALS AND METHODS

1. Preparation of Samples

In this study, we used a model calcium lactate solution and actual

fermentation broth in developing a lactic acid recovery process and

optimizing major process parameters. Purchased calcium lactate

solution (98% purity; Fluka Co.) was used as the model solution.

The actual fermentation broth was prepared by culturing Lactoba-

cillus paracasei on MRS (Difco Co.) at 35 oC and removing the

cells from the fermentation broth (purity: 69%) supplied by the Korea
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Research Institute of Chemical Technology.

2. Analysis of Organic Acids

An HPLC system (Waters, USA) was used for the analysis of

organic acids (lactic, acetic, propionic and citric acids) and was per-

formed using a C18 column (4.6×150mm, 5µm; Beckman, USA).

The applied mobile phase was 0.01M H2SO4, and the flow rate and

injection volume were 0.7mL/min and 10µL, respectively. The

effluent was monitored at 210 nm with a UV detector. For stan-

dard material, product from Sigma-Aldrich (purity: 98%) was used.

3. Ion Chromatography (IC) and Inductively Coupled Plasma

(ICP) Analysis

Sulfuric acid was added to calcium lactate solution to promote

precipitation of calcium sulfate. After removing the precipitate, the

concentrations of residual sulfate ion (SO4

2−) and calcium ion (Ca2+)

in the solution were measured using IC (Metrohm, Switzerland)

and ICP (PerkinElmer, USA), respectively. An IC system was per-

formed using a Shodex IC SI-90 4E column (4.0mm×250mm).

The applied mobile phase was 1.18mM for Na2CO3

+ and 1.7mM

for NaHCO3, the flow rate was 1mL/min and the injection volume

was 10µL. Suppressed CD was used. For analysis with ICP (Per-

kin Elmer, USA), an RF power of 1,300W was applied as well as a

neb flow rate of 0.65L/min, an aux flow rate of 0.2L/min, a plasma

flow rate of 15 L/min and a specimen flow rate of 1.5mL/min.

4. Precipitation Process

To separate and recover lactic acid from calcium lactate solu-

tion, sulfuric acid (Samchun Pure Chemical Co.) was added. As

shown in Fig. 1, calcium sulfate was precipitated by adding sulfu-

ric acid to the solution and was removed from the solution before

recovering supernatant lactic acid. We attempted to achieve high

purity and yield of lactic acid by optimizing the precipitation reac-

tion conditions (Ca(LA)2/H2SO4 molar ratio, pH, mixing and feeding

methods). Reaction tests were carried out at molar ratios of 1 : 0.5,

1 : 0.75, 1 : 1, 1 : 1.25 and 1 : 1.5 by using different molar concen-

tration of sulfuric acid and a constant molar concentration of cal-

cium lactate. To evaluate the effect of changes in the pH of the cal-

cium lactate solution on its reaction with sulfuric acid, tests were

performed in a pH range of 2.83-6.83 by adding more HCl drop-

wise to the original calcium lactate solution at pH 6.83. After the

reaction was allowed to proceed for 24 h, it was centrifuged for 30

min before the precipitated calcium sulfate was removed and super-

natant lactic acid was recovered. To obtain a high purity of lactic

acid, the concentration temperature was optimized and the concen-

trations of residual SO4

2− and Ca2+ ions in the solution were moni-

tored using ICP and IC. Also, an electronic microscope (SV-35 Video

Microscope system; Sometech, Korea) was used to determine the

shapes and sizes of calcium sulfate particles precipitated by the reac-

tion with sulfuric acid. The video images of these particles were

observed at 100× magnification using an IT-Plus system (Sometech).

5. Removal of Pigment

To remove pigment (color) from the lactic acid recovered from

the fermentation broth, adsorbent treatment was performed under

optimized conditions (type and amount of adsorbent) using sylo-

pute (Fuji Silysia Chemical Ltd., Japan), active clay P-1G (Mizukal-

ife Chemical Co., Japan) or activated carbon CA-1 or SX-PLUS

(NORIT, Netherlands). Nine grams per liter of adsorbent was added

and the solutions were stirred in a shaking incubator for 30min at

250 rpm and 25 oC.

RESULTS AND DISCUSSION

1. Effect of Ca(LA)2/H2SO4 Molar Ratio

In this study, we attempted to develop a method of separating

and recovering lactic acid by adding sulfuric acid to calcium lactate

solution to facilitate the precipitation of calcium sulfate and by sepa-

rating and recovering the supernatant product. To optimize condi-

tions for the reaction of the calcium lactate model solution with sul-

furic acid, we first determined the effect of different Ca(LA)2/H2SO4

molar ratios on the precipitation process. Fig. 2 shows the amounts

of calcium sulfate that precipitated from the reaction between cal-

cium lactate and sulfuric acid. When the Ca(LA)2/H2SO4 molar ratio

Fig. 1. Schematic diagram of the process for recovery of lactic acid from calcium lactate model solution and fermentation broth.
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was 1 : 1, the amount of calcium sulfate produced was 50wt% of

calcium lactate, which was more than the amount produced at a

molar ratio of 1 : 0.5 but similar to the amount produced at 1 : 1.5.

We therefore concluded that a Ca(LA)2/H2SO4 molar ratio of 1 : 1

is optimal based on the finding that this molar ratio was sufficient

for the reaction process. This finding is similar to that of previous

studies that considered the stoichiometric ratio of calcium lactate to

sulfuric acid [16], which was 0.95-1.02. Using the 1 : 1 molar ratio

of calcium lactate to sulfuric acid, the solution was subjected to a

sulfuric reaction and centrifugation and the precipitated calcium sul-

fate was then removed before recovering the supernatant lactic acid.

Subsequent analysis showed that most of the lactic acid (98%) had

been recovered. Analysis of residual sulfate and calcium ions in

the supernatant was then performed using IC and ICP, respectively.

As shown in Fig. 3, the amount of sulfuric acid was not sufficient

for reaction when the molar ratio was 1 : 0.5, resulting in a rela-

tively greater amount of residual calcium ion. On the other hand,

the reaction using a molar ratio of 1 : 1.5, in which the amount of

sulfuric acid was more than sufficient, resulted in relatively larger

amount of residual sulfate ion. The morphology of the calcium sulfate

precipitate was analyzed during precipitation with a video micros-

copy system. The amount of precipitate using a molar ratio of 1 :

0.5 was less than the amount obtained using ratios of 1 : 1 and 1 :

1.5 since the amount of added sulfuric acid was not sufficient (data

not shown).

2. Effect of pH of Calcium Lactate Solution

In the reaction between calcium lactate and sulfuric acid, pH is

one of the important process parameters. It is related to the pKa value

of calcium lactate (3.86). When the pH of a calcium lactate solu-

tion is lower than its pKa value, some of the calcium lactate exists

in an undissociated (unionized) form, making reaction with sulfuric

acid difficult, whereas when the pH is greater than the pKa, calcium

lactate exists in dissociated (ionized) form and reacts easily with

sulfuric acid, thus producing calcium sulfate more efficiently [17].

The amount of calcium sulfate produced from reactions between

calcium lactate and sulfuric acid at these different pHs is indicated

in Fig. 4. The amount of calcium sulfate production indicates the

degree of reaction between calcium lactate and sulfuric acid. Less

calcium sulfate was produced at pH 2.83, being 23wt% of the ori-

ginal amount of calcium lactate used, which is only half as much

as the amount of calcium sulfate produced when the pH was 4.83

Fig. 2. Effect of calcium lactate/sulfuric acid molar ratio on amount
of calcium sulfate precipitated. The initial pH, stirrer speed,
and reaction time were 4.8, 240 rpm, and 24h, respectively.

Fig. 4. Effect of pH on the amount of calcium sulfate precipitated.
The calcium lactate/sulfuric acid molar ratio, stirrer speed,
and reaction time were 1 : 1, 240 rpm, and 24h, respectively.

Fig. 5. Effect of pH on the concentration of residual calcium ion
(◆) and sulfate ion (■ ).

Fig. 3. Effect of calcium lactate/sulfuric acid molar ratio on con-
centration of residual calcium ion (◆) and sulfate ion (■).
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and 6.83 (>47wt%). The amount of residual calcium and sulfate

ions in the supernatant solution was measured after the reaction with

sulfuric acid at a pH of 2.83, 4.83 and 6.83 using IC and ICP. Al-

though there was no significant difference in the amount of cal-

cium ion, the amount of sulfate ion decreased to less than half as

the pH decreased from 4.83 to 2.83, as shown in Fig. 5, indicating

that reaction with sulfuric acid was more effective when the pH was

higher than the pKa value. The morphology of calcium sulfate pre-

cipitate was also analyzed at different pH values with a video micros-

copy system. The relative amount of precipitation was significantly

less when the pH of the calcium lactate solution (2.8) was lower

than the pKa (3.86) (data not shown).

3. Effect of Mixing and Feeding Methods

The effect of the method used to mix the calcium lactate solu-

Fig. 7. Effect of mixing on morphology of calcium sulfate precipitate. All bars indicate 10 mm (×100).

Fig. 6. Effect of mixing on amount of calcium sulfate precipitated.

Table 1. Recovery of lactic acid and removal of other organic acids (citric acid, acetic acid, and propionic acid) by precipitation process
from fermentation broth

Major organic acids
in fermentation broth

Concentration of major
organic acids (g/L)

Recovery of lactic acid after
precipitation (%)

Removal of other organic
acids after precipitation (%)

Lactic acid 69.641 92.0 -
Citric acid 03.713 - 026.0
Acetic acid 04.362 - 018.0
Propionic acid 01.935 - 100.0

tion after the addition of sulfuric acid on the efficiency of precipita-

tion was evaluated. As indicated in Fig. 6, the efficiency of the re-

moval of calcium sulfate increased when the calcium lactate solu-

tion was mixed (up to 220 rpm) after the addition of sulfuric acid,

and lactic acid could be recovered after 18 h of precipitation, pre-

sumably because movement caused by mixing during precipitation

causes physical aggregation of particles through collision [18,19].

Fig. 7 shows photographs of precipitated calcium sulfate particles

with and without mixing according to precipitation time. Compared

with precipitation without mixing, the calcium sulfate mass precip-

itated with mixing was broken into smaller pieces. To investigate

the effect of the injection method used for the addition of sulfuric

acid, different amounts of sulfuric acid (100, 90, 70 or 50% of the

total) were first injected and calcium sulfate was recovered after

12 h. The rest of the scheduled amount of sulfuric acid (0, 10, 30

or 50% of the total) was added before recovering calcium sulfate

after a further 12h and the total amount of calcium sulfate was meas-

ured. There was no significant effect on the efficiency of the removal

of calcium sulfate (data not shown).

4.Recovery of Lactic Acid from Calcium Lactate Fermenta-

tion Broth

We applied the optimal conditions that were determined using

the model calcium lactate solution to the fermentation broth (lactic

acid purity: 69%, pH: 7.3). Using the same method as was used

with the model solution, the broth was subjected to sulfuric acid

reaction at a Ca(LA)2/H2SO4 molar ratio of 1 : 1 and centrifugation,

then precipitated calcium sulfate was removed. The purity and yield

of recovered supernatant lactic acid were 70.6% and 92%, respec-

tively. The concentrations of calcium and sulfate ions in the super-

natant were also analyzed using ICP and IC and were found to be

0.1% and 0.16%, respectively, values that are similar to those found

in the test using the model calcium lactate solution. Analysis of the

fermentation broth using HPLC showed that it contained 69.641g/L
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lactic acid, 4.362 g/L acetic acid, 3.713 g/L citric acid and 1.935 g/

L propionic acid (Table 1). The recovery of lactic acid and removal

of other organic acids (citric acid, acetic acid, and propionic acid)

from the fermentation broth after the reaction with sulfuric acid was

investigated, the results of which are shown in Table 1. The recov-

ery of lactic acid from the fermentation broth was 92%. While pro-

pionic acid could be removed completely, only 18% of the acetic

acid and 26% of the citric acid were removed.

After treatment with sulfuric acid, precipitated calcium sulfate

was removed and tests to determine the optimal temperature for

the recovery of a high concentration of lactic acid from the super-

natant were performed. Five milliliters of recovered lactic acid was

first subjected to a concentration process at 760mmHg at a tem-

perature of 60, 70, 80, 90 and 100 oC. The stability and concentra-

tion of lactic acid varied little with temperature, indicating that there

was no degradation (data not shown). Also, the time required for

concentration was not shortened using a temperature over 90 oC, as

shown in Fig. 8. Based on these results, we concluded that 90 oC is

the optimal temperature for concentration of lactic acid in terms of

both stability and the time required. Such a finding also coincides

with that of a previous study, which reported a concentration tem-

perature below 90 oC [16]. To remove the dark brown pigment from

the fermentation broth, we evaluated the efficiency of active clay,

activated carbon and sylopute as adsorbents. As shown in Fig. 9,

the pigment was most effectively removed when activated carbon

(SX-Plus) was used, as was reported by Pyo et al. [20]. Compared

with active clay, activated carbon not only has a greater capability

to remove pigment from the cell broth but speeds up the process

since it can be filtered faster after treatment.

CONCLUSIONS

Precipitation is a simple, efficient method for separating and re-

covering lactic acid in the form of calcium lactate from fermenta-

tion broth by adding sulfuric acid. In this study, we optimized major

process parameters as well as the temperature of concentration and

the type and amount of adsorbent used for pigment (color) removal.

When the Ca(LA)2/H2SO4 molar ratio was 1 :1 and the pH was higher

than the pKa value, calcium sulfate could be precipitated and effi-

ciently removed; thus, lactic acid could be effectively separated and

recovered from the supernatant. Mixing of the calcium lactate solu-

tion facilitated the precipitation process, which was complete in a

minimum of 18 h. Mixing broke up the mass of precipitating cal-

cium sulfate into smaller pieces. The efficiency of calcium sulfate

removal was little affected by the injection method used to add sul-

furic acid. A temperature of 90 oC was found to be optimal for the

concentration of lactic acid recovered after removing precipitated

calcium sulfate in terms of both the time required and the stability

of the product. Activated carbon was found to be the most effec-

tive adsorbent for the removal of pigment from the recovered lactic

acid after the precipitation process. Under the optimal precipitation

conditions, a high yield (92%) could be achieved in recovering lactic

acid from fermentation broth.

ACKNOWLEDGEMENT

This work was supported by the Industrial Source Technology

Development Programs (No. 10032001 ) from the Korean Minis-

try of Knowledge Economy (MKE).

REFERENCES

1. B. H. Lunelli, R. R. Andrade, D. I. Atala, M. R. Wolf Maciel, F.
Maugeri Filho and R. Maciel Filho, Appl. Biochem. Biotechnol.,
161, 227 (2010).

2. M. Sauer, D. Porro, D. Mattanovich and P. Branduardi, Trends Bio-
technol., 26, 100 (2008).

3. B. Zhao, L. Wang, F. Li, D. Hua, C. Ma, Y. Ma and P. Xu, Biore-
sour. Technol., 101, 6499 (2010).

4. Z. Li, S. Ding, Z. Li and T. Tan, Biotechnol. J., 1, 1453 (2006).
5. M.K.H. Liew, S. Tanaka and M. Morita, Desalination, 101, 269
(1995).

6. W. Zhao, X. Sun, Q. Wang, H. Ma and Y. Teng, Biomass Bioenerg.,
33, 21 (2009).

7. E.G. Lee, S.H. Kang, H.H. Kim and Y.K. Chang, Biotechnol. Bio-
process Eng., 11, 313 (2006).

8. K.-L. Ho, A. L. Pometto III and P.N. Hinz, Appl. Environ. Micro-

biol., 63, 2533 (1997).
9. K. L. Wasewar, A. B. M. Heesink, G. F. Versteeg and V. G. Pan-
garkar, J. Chem. Technol. Biotechnol., 77, 1068 (2002).

10. Y. Seo, W.H. Hong and T.H. Hong, Korean J. Chem. Eng., 16, 556
(1999).

11. M. Marinova, G. Kyuchoukov, J. Albet, J. Molinier and G. Malmary,

Fig. 8. Effect of temperature on concentration time using fermen-
tation broth. Five milliliters of recovered lactic acid was first
subjected to a concentration process at 760mmHg at a tem-
perature of 60, 70, 80, 90 and 100 oC.

Fig. 9. Effect of adsorbent on the removal of pigment (color). (a)
Fermentation broth only, and fermentation broth with (b)
active clay P-1G, (c) activated carbon CA-1, (d) activated
carbon SX-PLUS, and (E) sylopute, all added at a concen-
tration of 9 g/L.



1974 D.-J. Min et al.

October, 2011

Sep. Purif. Technol., 37, 199 (2004).
12. S. S. Yi, Y.C. Lu and G.S. Luo, Sep. Purif. Technol., 60, 308 (2008).
13. S.A. Ataei and E. Vasheghani-Farahani, J. Ind. Microbiol. Biotech-

nol., 35, 1229 (2008).
14. S. C. Park, S.M. Lee, Y. J. Kim, W. S. Kim and Y.M. Koo, Korean

J. Biotechnol. Bioeng., 21, 199 (2006).
15. E.N. Kaufman, S. P. Cooper, S. L. Clement and M.H. Little, Appl.

Biochem. Biotechnol., 45/46, 605 (1995).
16. M. Joseph, A. Eyal, C. Riki, B. Hazan and N. J. Starr, US Patent,

7,026,145 B2 (2006).
17. M. I. González, S. Álvarez, F.A. Riera and R. Álvarez, Ind. Eng.

Chem. Res., 45, 3243 (2006).
18. W. S. Kim and E.K. Lee, Korean J. Biotechnol. Bioeng., 20, 164

(2005).
19. D.H. Lee, S.G. Kim, S. Mun and J. H. Kim, Process Biochem., 45,

1134 (2010).
20. S.H. Pyo H.B. Park, B.K. Song, B.H. Han and J. H. Kim, Pro-

cess Biochem., 39, 1985 (2004).



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo 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
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 <>
  >>
  /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


