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Development of acid soil conditioning agent from lignin by ozone 
treatment I

Abstract A purifi ed softwood kraft lignin was modifi ed by 
ozone treatment and its activity as an acid soil conditioning 
agent, mainly focusing on elimination of aluminum toxicity, 
was assayed by planting experiments. The growth of radish 
root was examined in nutrient solution containing CaCl2 
and AlCl3 at pH 4.8 with and without modifi ed kraft lignins. 
The modifi ed kraft lignins that absorbed 1.8 and 3.9 moles 
of ozone per C6-C3 unit (Mw 180) showed two effects: the 
elimination of aluminum toxicity and the acceleration of 
root growth. The effect on the elimination of aluminum 
toxicity was observed even with modifi ed kraft lignin that 
absorbed 1.0 mole of ozone per C6-C3 unit. The high 
molecular weight part of the modifi ed kraft lignin that 
absorbed 3.9 moles of ozone per C6-C3 unit also proved to 
be effective not only in elimination of aluminum toxicity 
but also in acceleration of root growth. The acceleration 
effect of ozone-treated lignins on root growth was also 
observed under the absence of aluminum in planting 
experiments.

Key words Aluminum toxicity · Ozone · Lignin · Soil-
conditioning agent · Acid soil

Introduction

Acidifi cation of soil is a serious problem, because poor 
plant growth occurs in acid soil. There are several reasons 
for poor plant growth in acid soil, but aluminum toxicity is 
believed to be one of the main reasons for it.1,2 Aluminum 
ion eluted from acid soil matrix causes serious damage to 
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plant roots and causes inhibition of plant growth. The 
authors believe that lignin has advantages as an agent for 
remediation of extensive tracts of acid soil, because lignin 
is the second most abundant biomass component after cel-
lulose, is reproducible, and forms part of the soil matrix.

The use of lignin derivatives as an acid soil conditioning 
agent, especially focused on elimination of aluminum toxic-
ity, has been studied in detail.3–8 These studies used lignins 
modifi ed by alkaline oxygen and radical sulfonation treat-
ments as an acid soil conditioning agent. The lignins were 
effective not only in elimination of aluminum toxicity but 
also in acceleration of root growth.3–5,7 In particular, the 
lignin modifi ed with alkaline oxygen was more effi cient than 
the other lignin, for both favorable effects.3,5 They suggested 
that muconic acid-type, catechol-type, and phenolic-type 
structures in such modifi ed lignins should be important for 
the elimination of aluminum toxicity.5

In the present study, the authors focused on ozone treat-
ment for the preparation of modifi ed lignin as acid soil 
conditioning agent. If it is assumed that oxidation is neces-
sary for the preparation of acid soil conditioning agent from 
lignin, ozone treatment is advantageous for its rapid and 
highly effi cient oxidation of lignin. Ozone can oxidize both 
phenolic- and non-phenolic-type structures in lignin,9,10 
while alkaline oxygen treatment cannot oxidize non-
phenolic-type structures in lignin.11 It has been reported 
that ozone treatment can effi ciently convert the aromatic 
ring of lignin model compounds to a muconic acid-type 
structure,10,12–15 which was suggested to be an important 
structure for the elimination of aluminum toxicity.5 
Hatakeyama et al.12 subjected vanillyl alcohol and veratryl 
alcohol to ozone treatment and examined their degradation 
products. They reported that muconic acid-type structures 
constituted 36% and 67% of the ether extracts of degrada-
tion products from vanillyl alcohol and veratryl alcohol, 
respectively.

Aromatic rings are degraded with ozone to low molecu-
lar weight products including oxalic acid.16,17 Kratzl et al.15 
reported the formation of oxalic acid by ozone treatment 
of lignin model compounds in CHCl3. Tsutsumi et al.18 
reported that 20% (mol/mol) of oxalic acid was formed 
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from threo-veratrylglycerol by oxidation with ozone fol-
lowed by alkaline treatment. Gas chromatography (GC) 
analysis of degradation products of b-1 dilignol model com-
pound with ozone followed by alkaline treatments revealed 
that oxalic acid was the principal product (37% peak area).18 
It is reported that oxalate is effective in eliminating alumi-
num toxicity by complex formation with Al.8,19–26 It is known 
that oxalate is exuded from the roots of some aluminum-
tolerant plants in response to Al in the soil.19–23 The activity 
of ozone-treated lignins for elimination of aluminum toxic-
ity is discussed in this report.

Experimental

Modifi cation of kraft lignin by ozone treatment

Crude softwood kraft lignin from Tokai Pulp and Paper was 
purifi ed by aqueous dioxane/diethyl ether method:27 the 
crude softwood kraft lignin (20 g) was dissolved in 200 ml 
of dioxane–water (95 : 5, v/v) and insoluble material was 
removed by fi ltration. The fi ltrate was added dropwise to 
1800 ml of diethyl ether with stirring. Precipitated lignin was 
collected by fi ltration and washed with diethyl ether. Col-
lected lignin was dried successively in air overnight and then 
in vacuo at room temperature overnight. The yield of puri-
fi ed kraft lignin (KL) was 72%.

KL (1 g) was suspended in 60 ml of a solvent mixture 
consisting of acetic acid/water/methanol (16 : 3 : 1 v/v/v) and 
oxidized by bubbling with oxygen containing ozone (ca. 
3.7%) at a rate of 0.5 l/min at 0°C with stirring for a set time 
(0.5, 1, 2, or 4 h). Residual ozone after the ozone treatment 
was removed by continued oxygen bubbling for a further 
10 min. Ozone consumption was measured by iodometric 
titration. The reaction mixture was evaporated to dryness. 
The residual amount of acetic acid was removed by repeated 
evaporation with ethanol. The KL modifi ed with ozone for 
4 h was suspended in water and freeze-dried. The residue 
was dried under reduced pressure at 45°C overnight. The 
yields of all ozone-treated KLs were 97%–111% on KL. The 
lignins modifi ed with ozone for 0.5, 1.0, 2.0 and 4.0 h were 
labeled as 0.5O3, 1.0O3, 2.0O3, and 4.0O3, respectively.

Measurement of ozone consumption with KL

A solution of 10% potassium iodide was placed downstream 
of the reactor used for ozone treatment. The ozone con-
sumption with KL (1 g) was determined by iodometric titra-
tion of the trapped ozone in the 10% potassium iodide 
solution, which passed through the reactor without reacting 
with KL during ozone treatment. The potassium iodide solu-
tion (10%, 250 ml) was renewed every 15 min and was used 
for iodometric titration. Blank test was run without KL.

Dialysis of fraction 4.0O3

The modifi ed KL 4.0O3 was subjected to dialysis against 
distilled water for 3 days. The membrane used was Size 27 

dialysis membrane [Wako, molecular weight cutoff 
(MWCO) 12 000–14 000]. The dialysate obtained was evap-
orated and freeze-dried. The yield of residue was 27% and 
the residue was labeled as 4.0O3D.

Modifi cation of kraft lignin by alkaline oxygen treatment

KL was modifi ed with alkaline oxygen according to 
Katsumata et al.5 with some modifi cations. KL (6 g) was 
dissolved in 1 M NaOH solution (300 ml) and subjected to 
alkaline oxygen treatment under 0.3 MPa at 70°C for 4 h. 
The reaction mixture was applied to a cation-exchange 
column (Dowex 50w x 4, H+ form). The pH of the eluate 
was adjusted to neutral and evaporated and fi nally freeze-
dried. The yield of the residue was 90.8% on KL. This 
residue was labeled as O2C.

Determination of oxalic acid in lignin samples

KL and O2C were dissolved in 10 ml of 0.1 M NaOH solu-
tion or distilled water and applied to the cation-exchange 
resin column (H+ form, C-112, Kurita Water Industry). The 
eluate was evaporated and freeze-dried. The residues were 
used for oxalic acid determination.

The content of oxalic acid in lignin samples was deter-
mined by the following method. The sample (10 mg) was 
subjected to trimethylsilylation with 300 ml of dimethyl sulf-
oxide (DMSO) containing a calculated amount of erythritol 
as an internal standard, 200 ml of hexamethyldisilazane 
(HMDS), and 200 ml of trimethylchlorosilane (TMCS) at 
60°C for 30 min. The upper layer of the reaction mixture, 
which separated into two phases after the reaction, was 
subjected to GC analysis using an Inert Cap 1 column (GL 
Sciences, 30 m × 0.25 mm i.d.). The temperatures for the 
injection and the detector were 260°C and 280°C, respec-
tively. The column temperature was programmed as follows: 
holding for 4 min at 100°C, rising by 4°C/min to 230°C. The 
calibration curve of oxalic acid was prepared using erythri-
tol as an internal standard. Peak identifi cation was done by 
comparison of retention times with those of authentic com-
pounds on GC and by GC-mass spectrometry.

Infrared spectroscopy analysis

Fourier transform infrared (FT-IR) spectra of KL and 
ozone-treated KLs were recorded on a Jasco spectrometer 
(FT/IR-410) on KBr tablets.

Planting experiment

Our planting experiment was conducted according to Wang 
et al.7 with some modifi cations. Seeds of radish (Raphanus 
sativa var. radicula Pers.) were sterilized in 70% ethanol 
aqueous solution for 30 s and then in 1% sodium hypochlo-
rite solution for 10 min. The seeds were rinsed with distilled 
water and then kept in distilled water overnight in a refrig-
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erator. The seeds were germinated on moist fi lter papers at 
23.5°C for 1 day in darkness and for 3 days under a regimen 
of 16 h of light and 8 h of darkness.

Ten young seedlings were transferred to a nylon mesh 
holder that was fl oating on 700 ml of nutrient solution. A 
solution with 1.2 mM CaCl2 at pH 4.8 was used as nutrient 
solution. The planting experiment was conducted with and 
without AlCl3 (37.5 mmol/l) and lignins (10–250 ppm) at 
23.5°C with continuous air bubbling. The pH of nutrient 
solution was maintained at pH 4.8 by adding dilute aqueous 
hydrochloric acid and/or sodium hydroxide two times a day 
during the planting experiment. The primary root lengths 
were measured after 3 days of growth. The results were 
evaluated statistically after removing extreme values using 
Dixon’s Q method.28

Results and discussion

Ozone consumption with KL during ozone treatment was 
measured by iodometric titration. The result is shown in 
Fig. 1. Ozone consumption by KL increased almost linearly 
for up to 4 h of ozone treatment, and then the rate of ozone 
consumption decreased thereafter. Using a molecular 
weight of 180 for a C6-C3 unit of lignin for convenience, 
about 1 mole of ozone was consumed every hour for a C6-
C3 unit of KL for up to 4 h of ozone treatment. The amount 
of ozone consumed per C6-C3 unit of KL was 0.6, 1.0, 1.8, 
and 3.9 moles for 0.5, 1.0, 2.0, and 4.0 h of ozone treatment, 
respectively.

Figure 2 shows the IR spectra of ozone-treated KLs. The 
aromatic ring was rapidly degraded with ozone, as shown 
by the decreasing intensity of the bands at 1600, 1510, and 
1425 cm−1 and by the increasing intensity of the bands at 

1710–1730 cm−1 as the treatment progressed. This spectro-
scopic evidence indicated the formation of ester and car-
boxylic acid groups.

The content of oxalic acid was determined for the KLs 
modifi ed with ozone and with alkaline oxygen (O2C). Figure 
3 shows the gas chromatogram of trimethylsilylated deriva-
tives from 4.0O3. Oxalic acid was the main peak on gas 
chromatograms of all ozone-treated KLs. The minor prod-
ucts found on the gas chromatograms were similar to those 
reported by Tsutsumi et al.18

The oxalic acid contents of ozone-treated KLs and O2C 
are shown in Fig. 4. It is clear that the content of oxalic acid 
increased as the ozone treatment progressed. The KLs 
modifi ed with ozone for more than 2 h contained more 
oxalic acid than O2C.
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Fig. 1. Relationship between cumulative ozone consumption by puri-
fi ed kraft lignin (KL) and time of ozone treatment. A molecular weight 
of 180 was used for a C6-C3 unit
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Fig. 2. Infrared (IR) spectra of KL and ozone-treated KLs. 0.5O3, KL 
modifi ed with ozone for 0.5 h; 1.0O3, KL modifi ed with ozone for 1 h; 
2.0O3, KL modifi ed with ozone for 2 h; 4.0O3, KL modifi ed with ozone 
for 4 h

3

1
4

5
7

8 9

102

6

Retention time, min 

Fig. 3. Gas chromatogram of trimethylsilylated products obtained 
from 4.0O3. The numbered peaks correspond to the following iden-
tifi ed compounds: 1, glycolic acid; 2, oxalic acid; 3, malonic acid; 
4, glyoxylic acid; 5, succinic acid; 6, threonolactone; 7, tartronic acid; 
8, erythronolactone; 9, malic acid; 10, erythritol (internal standard)
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Figure 5 shows the effect of ozone-treated KLs on root 
elongation in the planting experiment. Aluminum toxicity 
was evaluated by inhibition of root growth, because the 
effects of aluminum toxicity fi rst appear on growth of the 
plant root.1,22,23 KL and the KLs modifi ed with ozone for 2 h 
or less were almost insoluble in the nutrient solution, but 
KL treated for 4 h was almost soluble.

As shown in Fig. 5, KL itself did not have any positive 
effect on removal of aluminum toxicity. It was, however, 
observed that the root growth was recovered when 1.0O3, 
2.0O3, and 4.0O3 were used in a certain dosage range. 

Assessment of signifi cance by the t-test method28 showed 
that there was no signifi cant difference between root elon-
gation under the condition without aluminum [0(−Al)] and 
those of 1.0O3, 2.0O3, and 4.0O3 at a dosage of 25 ppm (P = 
0.05). If the elimination of aluminum toxicity is defi ned as 
the recovery of root growth up to the level of that under 
the condition without aluminum [0(−Al)], this was attained 
with 1.0O3 and 2.0O3 at the dosage of 25–50 ppm and 4.0O3 
at the dosage of 25–250 ppm.

It is interesting to note that root elongation was acceler-
ated with 2.0O3 at a dosage of 50 ppm and with 4.0O3 at a 
dosage of 50–250 ppm more than that under the condition 
without aluminum [0(−Al)]. Signifi cance test by the t-test 
method28 showed that there was signifi cant difference 
between root elongation under the condition without alu-
minum [0(−Al)] and those of 2.0O3 at a dosage of 50 ppm 
and 4.0O3 at a dosage of 50–250 ppm (P = 0.05). This means 
that 2.0O3 and 4.0O3 have two effects: elimination of alumi-
num toxicity and acceleration of the root growth. These two 
effects were also observed for the lignin modifi ed with alka-
line oxygen.3,5,7

It has been reported that aluminum toxicity was elimi-
nated when an amount of oxalic acid twice that of AlCl3 was 
added to the culture solution in planting experiments.8,20,26 
The dosages of ozone-treated KLs needed to secure an 
amount of oxalic acid twice that of AlCl3 under the planting 
experiment in Fig. 5 (37.5 mmol/l AlCl3) were calculated 
based on the content of oxalic acid in each sample as shown 
in Fig. 4. They were 2248, 847, 276, and 190 ppm for 0.5O3, 
1.0O3, 2.0O3, and 4.0O3, respectively. These fi gures show 
that an amount of oxalic acid twice that of AlCl3 was only 
attained at dosages of 250 ppm of 4.0O3 and 2.0O3 in this 
experiment. The oxalic acid contents were considerably low 
in the other cases. This fact shows that the elimination of 
aluminum toxicity with ozone-treated KLs cannot be 
explained only by the action of oxalic acid.

Hue et al.24 reported that some low molecular weight 
organic compounds could be excellent Al detoxifi ers if 
the positions of hydroxyl and carboxyl groups in the mole-
cule were favorable for the formation of stable 5- or 6-
membered chelate ring structures with Al. This fi nding may 
imply that the low molecular weight part of ozone-treated 
KL has the ability to eliminate aluminum toxicity, because 
low molecular weight organic compounds, such as oxalic 
acid, malonic acid, and malic acid, were found to be present 
in the ozonized samples, as shown in Fig. 3. It is, however, 
not known if the high molecular weight part of ozone-
treated KL is also effective. The high molecular weight part 
of 4.0O3 was prepared by dialysis (4.0O3D) to address this 
question. The effect of 4.0O3D on root elongation in plant-
ing experiment is shown in Fig. 6. Signifi cance test by the t-
test method28 showed that there was no signifi cant difference 
between the root elongation under the condition without 
aluminum [0(−Al)] and that of 4.0O3D at a dosage of 
10 ppm. However, at dosages in the range of 25–250 ppm, 
there was signifi cant difference between the result for no 
aluminum [0(−Al)] and that for 4.0O3D (P = 0.05). These 
results indicate that the high molecular weight part of 4.0O3 
was more effective not only in the elimination of aluminum 
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toxicity, but also in the acceleration of root growth than that 
under the condition without aluminum [0(−Al)].

Acceleration of root growth was observed for 2.0O3, 
4.0O3, and 4.0O3D for certain dosage ranges (Figs. 5 and 6). 
It is, however, not clear if root growth was accelerated by 
interaction between aluminum and lignin. Katsumata et al.5 
reported that an acceleration effect was observed for lignin 
modifi ed with alkaline oxygen on root growth in the pres-
ence and the absence of aluminum. A planting experiment 
was carried out with use of 4.0O3 and 4.0O3D with and 
without aluminum. As shown in Fig. 7, 4.0O3 and 4.0O3D at 
dosages of 100 ppm also accelerated the root growth in spite 
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Fig. 6. Effect of high molecular weight dialysate of 4.0O3 (4.0O3D) on 
root elongation in planting experiment. Culture solution contained 
1.2 mmol/l CaCl2 and 37.5 mmol/l AlCl3 at pH 4.8. Growth period was 
3 days (n = 10). Error bars represent ± SD

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 (-Al)

Lignin, ppm

R
oo

t 
el

on
ga

ti
on

, c
m

4.0O3 (+Al)
4.0O3 (-Al)
4.0O3D (+Al)
4.0O3D (-Al)

10025
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of the presence or absence of aluminum. Signifi cance test 
by the t-test method28 showed that there was signifi -
cant difference between the root elongation under the con-
dition without aluminum [0(-Al)] and those of 4.0O3(+Al), 
4.0O3(−Al), 4.0O3D(+Al), and 4.0O3D(-Al) at dosages of 
100 ppm (P = 0.05).

Acknowledgments The authors gratefully acknowledge Professor 
Gyosuke Meshitsuka (University of Tokyo) for the supply of kraft 
lignin. The authors thank Dr. Katsumata (University of Tokyo) and Dr. 
Wang (University of Tokyo) for helpful advice in the planting experi-
ment. This study was supported by the 21st Century COE (Centers of 
Excellence) Program for the research project “Development of New 
Bioremediation Systems” from the Ministry of Education, Culture, 
Sports, Science, and Technology of Japan.

References

 1. Matsumoto H (2000) Cell biology of aluminum toxicity and toler-
ance in higher plants. Int Rev Cytol 200:1–46

 2. Aimi R, Murakami T (1964) Cell-physiological studies on the 
effect of aluminum on the growth of crop plants (in Japanese). Bull 
Nat Inst Agr Sci D 11:331–396

 3. Katsumata K, Meshitsuka G (2002) Modifi ed kraft lignin and its 
use for soil preservation In: Hu TQ (ed) Chemical modifi cation, 
properties and usage of lignin. Kluwer, New York, pp 151–165

 4. Saito K, Nakanishi MT, Matsubayashi M, Meshitsuka G (1997) 
Development of new lignin derivatives as soil conditioning agents 
by radical sulfonation and alkaline-oxygen treatment. Mokuzai 
Gakkaishi 43:669–677

 5. Katsumata SK, Maruyama M, Meshitsuka G (2001) Reduction of 
aluminum toxicity to radish by alkaline oxygen treated kraft lignin. 
J Wood Sci 47:129–134

 6. Katsumata SK, Shintani H, Meshitsuka G (2003) Mechanism of 
detoxifi cation of aluminum ions by kraft lignin treated with alka-
line oxygen. J Wood Sci 49:93–99

 7. Wang D, Katsumata SK, Meshitsuka G (2005) Characterization of 
lignin fragments in alkaline oxygen-stage waste liquor as soil-
conditioning agent. J Wood Sci 51:357–362

 8. Wang D, Katsumata SK, Meshitsuka G (2005) Effect of low molec-
ular weight lignin fragments including oxalic acid in alkaline-
oxygen stage waste liquor on Al toxicity. J Wood Sci 51:634–639

 9. Kaneko H, Hosoya S, Iiyama K, Nakano J (1983) Degradation of 
lignin with ozone. Reactivity of lignin model compounds toward 
ozone. J Wood Chem Technol 3:399–411

10. Eriksson T, Gierer J (1985) Studies on the ozonation of structural 
elements in residual kraft lignins. J Wood Chem Technol 5:53–84

11. Gierer J (1986) Chemistry of delignifi cation. Part 2: reactions of 
lignins during bleaching. Wood Sci Technol 20:1–33

12. Hatakeyama H, Tonooka T, Nakano J, Migita N (1967) Ozonation 
of lignin model compounds (in Japanese). Kogyo Kagaku Zasshi 
70:2348–2352

13. Kaneko H, Hosoya S, Nakano J (1979) Ozonolysis of lignin model 
compounds and lignin in pulp (in Japanese). Mokuzai Gakkaishi 
25:503–509

14. Kaneko H, Hosoya S, Nakano J (1981) Degradation of lignin with 
ozone. Reactions of biphenyl and a-carbonyl type model com-
pounds with ozone. Mokuzai Gakkaishi 27:678–683

15. Kratzl K, Claus P, Reichel G (1976) Reactions of lignin and lignin 
model compounds with ozone. TAPPI 59:86–87

16. Sarkanen KV, Islam A, Anderson CD (1992) Ozonation. In: 
Lin SY, Dence CW (eds) Methods in lignin chemistry. Springer, 
Berlin Heidelberg New York, pp 387–406

17. Matsumoto Y, Ishizu A, Nakano J (1986) Studies on chemical 
structure of lignin by ozonation. Holzforschung 40 Suppl:81–85

18. Tsutsumi Y, Islam A, Anderson CD, Sarkanen KV (1990) Acidic 
permanganate oxidations of lignin and model compounds: com-
parison with ozonolysis. Holzforschung 44:59–66

19. Ma JF, Zheng SJ, Matsumoto H (1997) Detoxifying aluminium 
with buckwheat. Nature 390:569–570



219

20. Zheng SJ, Ma JF, Matsumoto H (1998) High aluminum resistance 
in buckwheat. I. Al-induced specifi c secretion of oxalic acid from 
root tip. Plant Physiol 117:745–751

21. Ma Z, Miyasaka SC (1998) Oxalate exudation by taro in response 
to Al. Plant Physiol 118:861–865

22. Ma JF (2000) Role of organic acids in detoxifi cation of aluminum 
in higher plants. Plant Cell Physiol 41:383–390

23. Ma JF, Furukawa J (2003) Recent progress in the research of 
external Al detoxifi cation in higher plant: a minireview. J Inorg 
Biochem 97:46–51

24. Hue NV, Graddock GR, Adams F (1986) Effect of organic acids 
on aluminum toxicity in subsoils. Soil Sci Soc Am J 50:28–34

25. Zheng SJ, Ma JF, Matsumoto H (1998) Continuous secretion of 
organic acids is related to aluminium resistance during relatively 
long-term exposure to aluminium stress. Physiol Plant 103:
209–214

26. Ma JF, Hiradate S, Matsumoto H (1998) High aluminum resistance 
in buckwheat. II. Oxalic acid detoxifi es aluminum internally. Plant 
Physiol 117:753–759

27. Goto H, Koda K, Tong G, Matsumoto Y, Meshitsuka G (2005) 
Formation of methyl iodide from methoxyl-free compounds by 
hydriodic acid treatment. J Wood Sci 51:312–314

28. Miller JN, Miller JC (1988) Statistics and chemometrics for analyti-
cal chemistry, 2nd edn. Prentice Hall, Upper Saddle River, NJ 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


