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Abstract−Korea Ministry of Environment regulates the soil quality based on the pseudo-total content of metals
extracted by aqua-regia, and the concentration of metals has been used in the risk assessment of the contaminated site.
The pseudo-total content of metals can be accepted conservatively as a potentially risky concentration of metals in the
soil. However, only some portion of metals in the soil are absorbed by plants, animals, and human beings, and the
pseudo-total content used in the risk assessment tend to overestimate the risk of metal contamination. Therefore, the
pseudo-total content does not reflect the real risk of the contamination. Bioavailability and bioaccessibility can be alter-
natives for the pseudo-total content to estimate the reasonable risk. Bioaccessible concentration can be analyzed as in-
vitro by the amounts of metals extracted in the gastrointestinal situation, and the bioaccessible concentration is the
maximum amount of metals to be absorbed. The bioaccessible concentration of As was evaluated, compared with the
pseudo-total concentration of As, and the correlation between the concentration of As and physicochemical properties
of soil was analyzed. The bioaccessible concentration can be estimated by the labile fractions of As, and Si, Al, and Mn
content decrease the bioaccessible concentration of As.
Keywords: Bioaccessibility, Arsenic, Fractionation, Risk Assessment

INTRODUCTION

The management strategy for a metals-contaminated site can
be classified into the pseudo-total content of metals and risk-based
management [1]. In Korea, the Ministry of Environment sets the
concerning and warning levels of contaminants in soil, and man-
ages the soil quality based on the pseudo-total content of metals by
the land use. By law, soil is considered as contaminated when the
concentration of metals extracted by aqua-regia exceeds the con-
cerning level in soil, which is the soil management based on con-
tent [2-4]. However, in risk-based management, the risk is used to
determine if the soil is contaminated. The approach considers the
soil as contaminated even though the soil contains a lower level of
contaminats than the concerning (screening) level [5].

In Korea, we apply risk assessment to determine the remediation
period, techniques, and target cleanup levels, and it is accepted that
risk-based management is more reasonable than the management
based on pseudo-total content [2]. However, on other points, the
application of risk assessment to the site remediation is considered
as the way to reduce total cost compared to the active remedia-
tion [6]. To date, we can apply risk assessment for the 14 contami-
nants, and the result can be used to manage the contaminated site.
However, the law limits the application of risk assessment to only
the site remediated by the government funding [7,8].

In Korea, the pseudo-total content of metals has been used in
the human health risk assessment to estimate the risk of a contami-
nated site. “Content” means amounts of metals extracted by aqua-

regia method, where the metals are extracted from the soil by strong
acids and heat. However, the speciation and redox states are changed
during the extraction, and it is unsuitable to estimate the real risk.
Additionally, the metals uptaken through various exposure path-
ways are metabolized, absorbed, and distributed to the human body,
and some portion of metals shows toxicity to human beings [9-
11]. Therefore, the pseudo-total content is not suitable to be used
in the risk assessment, but they can estimate a maximum risk in
conservative point view [12]. However, the risk is overestimated
because all metals in soil are not risky to humans, the remedial goal
is too strict, finally, huge cost and long remediation time are required
to meet the target cleanup level [13,14].

To date, reasonable exposure assessment considering the absorp-
tion has been studied to estimate realistic risk instead of the pseudo-
total content of metals [15-18]. Bioavailability concept is one of the
ways to achieve the goal because the concept means the poten-
tially absorbable amounts of metals in the ingestion of metal-con-
taminated soil [14,18]. Bioavailability indicates the amounts of metals
absorbed into the target organs among the amounts of metals
ingested; an in-vivo assay using animals is required to be deter-
mined [19,20]. However, there are ethical problems during ani-
mal experiments and analytical limits for detection in the blood
and organs, and the assay requires huge cost and time [20,21]. As
an alternative to the bioavailability concept, the bioaccessibility con-
cept was suggested, which means the amounts of metals to be ab-
sorbed into the human body through the human gastrointestinal
tract. That is a maximum amount of bioavailable metals in the soil
when the metal-contaminated soil is ingested [16]. Bioaccessibility
is the extractable amount of metals by the artificial gastrointestinal
through in-vitro experiments [22]. The amounts are bioaccessible
metal, and bioaccessibility means the fraction of bioaccessible met-
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als with respect to the pseudo-total content of metal [16,23]. Some
researches have reported the correlation between bioavailability and
bioaccessibility, and suggested the estimation equation for bioavail-
ability using the bioaccessibility of metals [11,21,24]. Furthermore,
the US EPA proposed the estimation relationship of arsenic and lead
using bioaccessibility [18]. Given the bioaccessibility of estimating
the actual amount of heavy metal exposed to humans, it would be
reasonably accepted rather than risk assessment based on total
content.

Therefore, in this study, the bioaccessibility of As in the soil was
investigated to evaluate the contamination of soil. The bioaccessi-
bility was correlated with the pseudo-total concentration of As. In
addition, the bioaccessible concentration of As was correlated with
the fractionation analysis of As to propose the correlation between
labile fractions of As and bioaccessible concentration of As.

MATERIALS AND METHODS

1. Materials
Total Ten soil samples (J) were taken from a site near a former

refinery plant located in Janghang, Chungnam, Republic of Korea;
another ten soil samples (D) were sampled from a site near a mili-
tary site, Daejeon, Republic of Korea, and total 20 soil samples were
used in this study. The soil was air-dried, sieved using a sieve with
a 0.15 mm opening, and the soil samples with <0.15 mm were used
for further analysis. The pseudo-total content of metals was analyzed
by the Korean standard test method for soil [25]; organic matter
(OM) was measured by mass loss after heating at 440 oC for 24 h
(ASTM D2974-71, [26]). The fractionation of As was analyzed by

the method suggested by Wenzel et al. [27]. The pH and electrical
conductivity of soil were analyzed using a pH meter (pH-250L,
Istek, Korea) and EC meter (EC-400L, Istek, Korea) according to
the Korean standard test method for soil.
2. Bioaccessibility

The bioaccessible amounts of metal were measured using the
method proposed by US EPA [18,28]. The extracting solution was
a 0.4 M glycine buffer to simulate the gastric fluid. A mass of 0.3 g
of soil and 30 ml of extracting solution was mixed at 37 oC for 1 h
in an over-head shaker (FinePCR, Korea). The mixture was cen-
trifuged at 8,000 rpm for 10 min; the supernatant was separated
from the sample by filtration using a 5B filter, and the filtrate was
used to analyze As concentration using ICP-OES (720-ES, Agilent
Technologies, USA). Experiments were conducted in duplicate, and
the average value was used.

The bioaccessible concentration of As was correlated with the
fractionation analysis of As (labile fractions of As) and physico-
chemical properties of soil using IBM SPSS Statistics softwater
(Version 21.0, USA).

RESULTS AND DISCUSSION

1. Physicochemical Properties of Soil Sample
The pH, EC, and OM of soil samples are summarized in Table

1. The pH range of soil was within the general pH value in Korea
(5-7); however, a few samples (J7, J8, and J10) were slightly acidic.
The average OM content of D and J soil was 6.7 and 4.6wt%, respec-
tively, which is slightly higher than the average OM in agricultural
land, Korea. The EC values ranged 0.1-3.7 mS/cm. The oxide forms

Table 1. Physicochemical properties of soil samples

Soil sample
No. pH EC

(mS/cm)
OM
(%)

Aqua-regia extractable concentration (mg/kg)
Fe Al Mn As

D10 6.66±0.05 0.70±0.01 6.2 38037.4±395.4 23967.9±91.6 0817.6±3.4 10.7±0.3
D20 6.20±0.04 0.46 8.3 39522.9±137.5 26904.5±130.6 0746.5±4.0 13.9±1.0
D30 5.46±0.05 0.12 3.9 44835.0±381.2 28182.5±12.0 0509.5±2.4 17.2±0.5
D40 5.33±0.04 0.19 4.3 51867.3±1414.8 33198.8±309.5 0610.9±1.4 19.3±1.8
D50 5.98±0.05 0.16 3.7 48629.0±230.6 15560.7±99.4 1176.0±2.1 21.6±4.3
D60 5.59±0.05 0.36 8.0 80881.4±1874.6 31849.5±766.6 0629.6±3.0 30.3±7.3
D70 6.46±0.01 1.32 14.5 71531.0±972.2 23906.4±57.1 0649.7±12.4 30.5±4.5
D80 5.30±0.01 0.24 3.2 51247.9±1179.6 16214.2±126.8 0717.9±5.8 44.8±0.9
D90 5.85±0.03 0.66 6.9 45584.3±466.7 23149.2±286.7 0488.9±0.1 46.7±1.7
D10 5.49±0.01 0.49 8.2 52272.3±7.5 30914.9±19.6 0820.2±8.6 52.9±1.9
J10 6.18±0.01 2.95±0.05 1.3 25986.6±33.3 13190.3±158.9 0667.2±0.7 26.8±0.4
J20 5.49±0.01 0.24 5.2 39545.0±194.6 24763.5±107 0493.7±0.7 29.2±3.1
J30 6.13±0.03 1.58±0.01 1.2 27102.7±143.3 13561.2±22.8 0569.7±4.5 29.9±0.7
J40 7.14±0.02 0.29 4.0 33314.5±299.9 21620.6±28.6 0694.8±0.3 35.2±1.2
J50 5.36 1.59 3.5 33132.7±49.9 19570.0±20.7 0527.7±1.8 61.5±0.5
J60 5.89±0.01 3.67±0.07 1.9 23380.3±193.6 15105.3±16.5 0374.3±0.6 70.5±4.4
J70 4.87±0.01 1.09 8.8 42117.6±723.9 21492.0±354.6 0305.3±4.5 74.6±0.9
J80 4.60 0.99 8.6 43768.7±177.5 20493.6±108.2 334.5 75.5±3.2
J90 5.53±0.05 0.22 4.3 26872.4±3.4 07256.9±126.5 0152.3±0.7 116.6±8.3
J10 4.49±0.01 0.57 7.6 31596.6±124.6 14504.5±9.7 0293.5±1.7 119.7±0.3
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of Fe, Al, and Mn affect the fate and transport of As in soil due to
the great affinity of the metal oxides with respect to As [29-31]. The
amounts of Fe, Al, and Mn extracted by aqua-regia solution were

Fig. 1. The scatter plot of bioaccessible concentration by the total
concentration of soil samples.

Fig. 2. Distribution of bioaccessible concentration. Bioaccessible value of soil samples was classified according to As-reference value (25 mg/
kg); (a) D soil (b) J soil.

Fig. 3. Bioaccessible As and fractionation of As by sequential extraction procedure; (a) D soil, (b) J soil.

23,380.3-80,881.4, 7,256.9-33,198.8, and 152.3-1,176.0mg/kg, respec-
tively. There was no significant difference between the two sites.

Arsenic concentration in D site was lower than that in the J site;
all samples in the J site exceeded the concerning level of As for resi-
dential and agricultural land use. In the D site, some sample was
contaminated by As (D6-D10), and others were not contaminated,
by law.
2. Evaluation of As Contamination Using Bioaccessibility

The bioaccessible concentration of As in the simulated human
gastrointestinal tract was analyzed (Fig. 1). The As content and bio-
accessible concentration of As in the soil un-contaminated, by law
(that is, the As content is lower than 25 mg/kg) were 16.5±4.4 and
0.8±1.1 mg/kg, respectively, and the contaminated soil (>25 mg/kg
of As) showed 56.3±29.6 mg/kg of As content and 8.3±9.9 mg/kg
of bioaccessible As. The result indicates that the bioaccessible con-
centration of As is proportional to the As content (pseudo-total
concentration). However, the bioaccessible concentration of As is
relatively high in some un-contaminated soil (that is, the soil with
<25 mg/kg of As). The observation indicates there are other fac-
tors to be considered in the assessment of the bioaccessible con-
centration of As.

The soil was classified into un-contaminated and contaminated
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based on the concerning level, that is, 25 mg/kg, and the average
and range of pseudo-total concentration and bioaccessible concen-
tration is plotted in Fig. 2. There is no difference in the bioaccessi-
ble concentration of As even though the average pseudo-total content
of As was three-times higher in the contaminated soil than that in
un-contaminated soil for D site. In the case of J soil, the average
concentration of As in the contaminated soil was slightly higher
than that in D soil; however, the bioaccessible concentration was
much higher than the value in D soil.
3. Fractionation of As and Bioaccessible Concentration of As

Fractionation analysis was used to determine the labile portion
of As in soil, and the amount of As was accepted as the leachable
concentration of As [27,32]. The fractionation of As, pseudo-total
content of As, and the bioaccessible concentration of As are sum-
marized in Fig. 3. The bioaccessible concentration of As was 12%
of the pseudo-total content of As, and the contamination by law
does not make a significant difference in the bioaccessible concen-
tration of As. The result implies that the pseudo-total content of As
in the risk assessment will overestimate the risk of the contami-
nated site.

The bioaccessible concentration of As was correlated to the sum-
mation of each fractionation of As (Table 2). The analysis shows
that the amounts of bioaccessible As were similar to those of F1(non-
specifically adsorbed)+F2(specifically adsorbed). The labile fraction
of As is bioaccessible fractionation in both soils. The other frac-
tions of As are bound to the soil strongly, which means that it is
hardly desorbed or dissolved in the digestion fluid. Thus, the frac-
tionation analysis can be used to determine the bioaccessible con-
centration of As instead of the independent in vitro analysis. The
fractionation analysis has been widely used to estimate the mobil-
ity and leaching potential [33,34], and the first two fractions can be
considered as bioaccessible amounts of As. In the site characteriza-
tion stage, the fractionation analysis or bioaccessibility can be car-

ried out. However, this result indicates that the fractionation analysis
can be used to determine the bioaccessible concentration of As. In
other words, the pseudo-total content in the risk assessment con-
siders the stable or non-labile fractions of As as potentially harmful
amounts of As, which may overestimate the risk of As-contami-
nated sites.
4. Physicochemical Properties of Soil and Bioaccessibility

Chemical properties of soil affect the bioaccessibility of As greatly,
and the properties shown in Table 1 were correlated with the bio-
accessibility of As (Table 3). The EC shows a relatively strong posi-
tive correlation with bioaccessibility. However, the amounts of Fe,
Al, and Mn show a negative correlation because the oxide forms
of Fe, Al, and Mn are sinks for As in the soil [35]. The more Fe,
Al, and Mn means that the soil can immobilize the As in the soil,
which decreases the bioaccessibility of As. Thus, the bioaccessible
As in the soil can be stabilized and immobilized by the addition of
Fe, Al, and Mn. The addition has been proved as a remediation
technique to reduce the mobility of As and to increase the stability
of As in soil [36]. The method is effective to lower the bioaccessi-
ble concentration.

Generally, the soil pH shows some relationship because a higher
pH of soil changes the surface charge to negative, which increases
the mobility of As or desorption of As from the soil [37]. However,
in this study, there was no relationship between pH and bioacces-
sible As.

CONCLUSIONS

Bioaccessibility can assess the contamination of As in soil instead
of pseudo-total content of As. The bioaccessible concentration of
As is proportional to the pseudo-total content of As by aqua-regia
in the contaminated soil, that is, the soil with >25 mg As/kg. How-
ever, in the non-contaminated soil, there was no distinct relation-
ship between the content and bioaccessible concentration. Slightly
higher bioaccessible As was observed even in the soil with lower
content of As. Therefore, the use of pseudo-total content in the
risk assessment can overestimate the real risk of the As-contami-
nated soil. In addition, the bioaccessible concentration shows a
strong correlation with the labile fractions of As in the fraction-
ation analysis. The bioaccessible concentration decreased with the
increase in the content of Fe, Al, and Mn in soil because the met-
als can stabilize As by forming complexes, which indicates that the
bioaccessible As can be controlled by stabilization technique using
Fe, Al and Mn oxides. This study suggests that bioaccessible con-
centration of As is more suitable than the total content to estimate
the real risk of As-contaminated site.

Table 2. Correlation between bioaccessible concentration and frac-
tionation of As

Correlation
coefficient

Compare with Bioaccessible concentration of As
F1 F1+F2 F1+F2+F3

Pearson** 0.523* 0.933* 0.680*
R2
*** 0.273* 0.871* 0.463*

*The correlation coefficient is significant at the 0.01 level
**Indicates the linear correlation of bioaccessible As and labile
fractionation of As
***Indicates the coefficient of determination

Table 3. Correlation between bioaccessible concentration and physicochemical properities

Correlation
coefficient

Compare with Bioaccessible concentration of As
Ph EC OC Fe Al Mn

Pearson 0.045 0.670** −0.374* −0.548** −0.429** −0.405**
R2 0.002 0.449** −0.140* −0.300** −0.184** −0.164**

*The correlation coefficient is significant at the 0.05 level
**The correlation coefficient is significant at the 0.01 level



1784 S.-J. Min et al.

November, 2019

ACKNOWLEDGEMENT

This work was supported by Chonbuk National University.

REFERENCES

1. J. S. Yang, J. M. Hwang, K. Baek and M. J. Kwon, Korean Chem. Eng.
Res., 51, 745 (2013).

2. J. Son, J. G. Kim, S. Hyun and K. Cho, Environ. Pollut., 249, 1081
(2019).

3. K. Yang, J. Im, S. Jeong and K. Nam, Environ. Res., 137, 78 (2015).
4. K. J. Kim, J. C. Yoo, J. S. Yang and K. Baek, Korean Chem. Eng.

Res., 51, 733 (2013).
5. X. S. Luo, S. Yu and X. D. Li, Appl. Geochem., 27, 995 (2012).
6. L. J. Ehlers and R. G. Luthy, Environ. Sci. Technol., 37, 295A (2003).
7. Y.-H. Park, Environ. Policy, 25, 183 (2017).
8. M.-H. Cho, D.-H. Kim and K. Baek, J. Soil Groundwater Environ.,

22, 48 (2017).
9. J. McGeer, G. Henningsen, R. Nanno, N. Fisher, K. Sappington

and J. Drexler, Issue paper on the bioavailability and bioaccumula-
tion of metals, US EPA, Washington DC (2004).

10. M. Izquierdo, E. De Miguel, M. F. Ortega and J. Mingot, Chemo-
sphere, 135, 312 (2015).

11. A. L. Juhasz, J. Weber, E. Smith, R. Naidu, M. Rees, A. Rofe, T.
Kuchel and L. Sansom, Environ. Sci. Technol., 43, 9487 (2009).

12. J. Thoming and W. Calmano, Acta Hydroch. et Hydrob., 26, 338
(1998).

13. Q. Xia, C. Peng, D. Lamb, M. Mallavarapu, R. Naidu and J. C. Ng,
Chemosphere, 147, 444 (2016).

14. S. Kuppusamy, K. Venkateswarlu, M. Megharaj, S. Mayilswami and
Y. B. Lee, Chemosphere, 186, 607 (2017).

15. S. W. Casteel, R. P. Cowart, C. P. Weis, G. M. Henningsen, E. Hoff-
man, W. J. Brattin, R. E. Guzman, M. F. Starost, J. T. Payne, S. L.
Stockham, S. V. Becker, J. W. Drexler and J. R. Turk, Fundam. Appl.
Toxicol., 36, 177 (1997).

16. M. V. Ruby, R. Schoof, W. Brattin, M. Goldade, G. Post, M. Har-
nois, D. E. Mosby, S. W. Casteel, W. Berti, M. Carpenter, D. Edwards,
D. Cragin and W. Chappell, Environ. Sci. Technol., 33, 3697 (1999).

17. R. R. Rodriguez and N. T. Basta, Environ. Sci. Technol., 33, 642

(1999).
18. USEPA, US Environmental Protection Agency, Office of Super-

fund Remediation and Technology Innovation. OLEM 9200.2-
164 (2017).

19. K. M. Ellickson, R. J. Meeker, M. A. Gallo, B. T. Buckley and P. J. Lioy,
Arch. Environ. Contam. Toxicol., 40, 128 (2001).

20. J. C. Ng, A. Juhasz, E. Smith and R. Naidu, Environ. Sci. Pollut. Res.,
22, 8802 (2015).

21. S. Denys, J. Caboche, K. Tack, G. Rychen, J. Wragg, M. Cave, C.
Jondreville and C. Feidt, Environ. Sci. Technol., 46, 6252 (2012).

22. P. Sanderson, R. Naidu, N. Bolan, M. Bowman and S. McLure, Sci.
Total Environ., 438, 452 (2012).

23. S. A. Morman, G. S. Plumlee and D. B. Smith, Appl. Geochem., 24,
1454 (2009).

24. R. M. Molina, L. A. Schaider, T. C. Donaghey, J. P. Shine and J. D.
Brain, Environ. Pollut., 182, 217 (2013).

25. M. Chen and L. Q. Ma, Soil Sci. Soc. Am. J., 65, 491 (2001).
26. G. S. Yoon, J. C. Yoo, S.-H. Ko, M.-H. Shim, M.-H. Cho and K.

Baek, J. Soil Groundwater Environ., 22, 27 (2017).
27. W. W. Wenzel, N. Kirchbaumer, T. Prohaska, G. Stingeder, E.

Lombi and D. C. Adriano, Anal. Chim. Acta, 436, 309 (2001).
28. M. E. Lee, E. K. Jeon, D. C. W. Tsang and K. Baek, J. Hazard. Mater.,

354, 91 (2018).
29. K. Kim, S. H. Kim, G. Y. Jeong and R. H. Kim, J. Hazard. Mater.,

199, 25 (2012).
30. S. Dixit and J. G. Hering, Environ. Sci. Technol., 37, 4182 (2003).
31. C. S. Jeon, S. W. Park, K. Baek, J. S. Yang and J. G. Park, Korean J.

Chem. Eng., 29, 1171 (2012).
32. E. J. Kim, J. C. Yoo and K. Baek, Environ. Pollut., 186, 29 (2014).
33. N. E. Keon, C. H. Swartz, D. J. Brabander, C. F. Harvey and H. F.

Hemond, Environ. Sci. Technol., 35, 2778 (2001).
34. L. Beesley, E. Moreno-Jimenez, R. Clemente, N. Lepp and N.

Dickinson, Environ. Pollut., 158, 155 (2010).
35. W. Hartley, R. Edwards and N. W. Lepp, Environ. Pollut., 131, 495

(2004).
36. S. Bagherifam, A. Lakzian, A. Fotovat, R. Khorasani and S.

Komarneni, J. Hazard. Mater., 273, 247 (2014).
37. H. B. Kim, S. H. Kim, E. K. Jeon, D. H. Kim, D. C. W. Tsang, D. S.

Alessi, E. E. Kwon and K. Baek, Sci. Total Environ., 636, 1241 (2018).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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

  /CreateJDFFile 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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


