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Abstract

BACKGROUND: Metal contamination of farmlands nearby
abandoned mines is a serious environmental problem. This
study was conducted to evaluate the efficiency of stabilizers
on different type of the soils contaminated with metals.

METHODS AND RESULTS: The texture of silt loam soil
initially contaminated with heavy metal was artificially
adjusted to loam and sandy loam by adding sand, and the soil
organic matter content (1.5%) was also altered by adding peat
to the soils at 3.5 and 8.0%. The soils were mixed with 3%
(w/w) of each limestone, dolomite, and steel slag. For the soils
with different textures, the bioavailability of As was found
to be the lowest in sandy loam compared to others metals such
as Cu, Pb, and Zn. The efficacy of limestone and dolomite
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was not significantly different compared to the soils having
different organic matter contents, but the stabilization
efficiency of steel slag increased as the soil organic matter
content increased. Moreover, stabilizers showed inhibition
effect on the uptake of metals to plant.

CONCLUSION: The stabilizers were found as effective
materials to immobilize metals in soil and to decrease plant
uptake of metals. Studies are needed to deeply elucidate the
interaction between influencing factors and various stabilizers.

Key words: Bioavailability, Heavy Metals, Limestone, Soil
Texture, Stabilizers
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7 5l 7k kel 5,00070 o FReleHA B o] 9lol,
FAkel A BAEHE #4](mine debris), F7](mine tailings),
H33344(acid mine drainage, AMD) 5O gt 4l
7}k 99d0] Ry Q1,2

A AARCRE FaE5ol ot Eded, vHed 9 4k
#A=2] Ashol WAl Tt B A7 Ay 7]E2
A= U 29 Su5Y sEd S Wt =
A& 9 A (soil washing), 2HER(acid extraction),
H2)3H(vitrification), 17d3PH(solidification), WFIZ1E(soil
reversal), ¥ (soil covering), 1% (soil addition) F°] 4
A=Ak AR 7]E2] Wi iR Hedn|go] wo] A
Qum 5 5 E9ke = - 88t - e 75 )
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A = 7S 5 Sl el eTtEIth

QPdSH(stabilization) 2] 7-F- Hft 7HRAIE LU=
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Y slsh= wAlol B B - 38 B4 A 52 oA
= Al e ZE8AQ WRoE A E L QlTtH4,5]. <F
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o vehdth SR, AR Aele BUG B B F A7) dial sk wedsl ek el
A R71% B9l 2% 20k BN AR A% F ALTI MY B BENS 0T 5 ol 0% vu
FYE F7FR: 20 vtk Wk ol QAo o) pHYL REYY 1 ol F

Cd, Pb % Zn®l BERELE VYA Aelel m Fhe] far} Wop] W] FHHOR pH wyHol
o ojETa Relsl dat A0 vebdth B4 & e AYSdL AdTuc G4l B3 208 wae

OContro ELimestone
mColomite @ Sted siag

oRd W

[
o wnw e ns h & o086

Concentration, mg/kg

B . sl
L1.5 SL1.5 SiL1.5 SiL3.5 SiL8.0 L15 SL1.5 SiL1.5 SiL3.5 SiL8.0

" Vertical error bars are standard deviation of the mean (n=3) and the different letters above each
bar indicates the significant differences at a level of 0.05 by Duncan test.

Fig 1. Concentration of As, Cd, Pb, and Zn in the soils as affected by the stabilizers, including the
control, limestone, dolomite, and steel slag. The letters of L, SL, and SiL indicate soil textures, namely
loam, sandy loam, and silt loam, respectively. The numbers of 1.5, 3.5, and 8.0 also indicate the
percentage of organic matter contents in the soils.

tr (b)Cd OControl  @Limestone
5 r mCokmite @ASted skhg
8

[ T P

Do o
1
=)
el
o
-
w

Concentration, mg/kg

-~

o

wn

@ =

L15 SL1.5 SiL1.5 SiL3.5 SiL8.0

' Vertical error bars are standard deviation of the mean (=3) and the different letters above each bar

indicates the significant differences at a level of 0.05 by Duncan test.

Fig 2. Concentration of As, Cd, Pb, and Zn in the crop body as affected by the stabilizers, including
the control, limestone, dolomite, and steel slag. The letters of L, SL, and SiL indicate soil textures,
namely loam, sandy loam, and silt loam, respectively. The numbers of 1.5, 3.5, and 8.0 also indicate the

percentage of organic matter contents in the soils.

71E kel whet Aol Holx|ut, B o2 94 2 t}5,10,26].
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Table 1. Chemical properties of the metal contaminated soils treated with various stabilizers, including the control,
limestone, dolomite, and steel slag. The letters of L, SL, and SiL indicate soil textures, namely loam, sandy loam, and silt
loam, respectively. The numbers of 1.5, 3.5, and 8.0 also indicate the percentage of organic matter contents in the soils

Soil organic

Exchangeable cation

Treatment pH (1:5) matter P205 Ca K Mg
g/kg mg/kg cmol./kg

Control 8.14 + 0.12a" 16.2 £ 0.50a 88.8 + 3.04b 12.54 0.08 0.32
Limestone 8.25 + 0.08a 15.7 £ 0.51a 81.3 + 4.82a 15.76 0.08 0.25

L1 Dolomite 8.14 + 0.11a 14.7 £ 1.20a 83.0 £ 1.22a 11.53 0.08 0.35
Steel slag 8.20 + 0.08a 15.1 £ 0.82a 81.0 + 0.52a 12.37 0.08 0.39
Control 8.16 £ 0.11a 13.8 + 0.67a 91.0 + 2.93b 12.41 0.09 0.31

SL15 Limestone 7.97 £+ 0.48a 14.6 + 0.16a 87.1 £ 1.65a 16.27 0.11 0.25
Dolomite 8.13 + 0.23a 14.5 £ 0.34a 91.1 + 1.43b 12.66 0.08 0.37

Steel slag 8.22 + 0.14a 16.1 + 1.06b 86.9 + 1.39a 12.46 0.08 0.37
Control 8.25 + 0.05a 14.8 £ 0.90a 95.8 + 3.40b 12.20 0.09 0.32

SiL15 Limestone 8.15 + 0.17a 16.3 £ 1.16a 87.6 + 3.86a 15.88 0.09 0.29
Dolomite 8.22 + 0.09a 153 £ 0.48a 85.5 + 4.31a 11.41 0.08 0.38

Steel slag 8.08 + 0.16a 154 £ 0.61a 85.0 + 2.34a 12.23 0.08 0.35
Control 8.05 = 0.06a 37.1 + 0.36b 120 + 5.50a 13.21 0.09 0.47

SiL35 Limestone 8.11 + 0.11a 35.6 + 1.06b 121 + 11.8a 17.32 0.08 0.41
Dolomite 8.10 = 0.10a 32.4 + 1.56a 117 + 1.87a 12.63 0.08 0.57

Steel slag 8.10 + 0.08a 33.6 + 0.85a 121 + 6.97a 13.19 0.09 0.53

Control 7.99 = 0.03a 83.3 + 1.96b 127 + 7.30a 14.26 0.11 0.63

SIL8.0 Limestone 8.01 + 0.00a 81.4 + 0.38b 138 + 4.99a 18.58 0.09 0.54
Dolomite 7.96 + 0.05a 779 £ 2.44a 136 + 4.13a 13.78 0.08 0.74

Steel slag 8.10 + 0.13a 82.8 + 0.95b 127 + 6.21a 13.80 0.09 0.70

¥ Numbers are mean with standard deviation (=3) and the different letters above each bar indicates the significant

differences at a level of 0.05 by Duncan test.
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Table 2. Enzyme activities of the metal contaminated soils treated with various stabilizers, including the control, limestone,
dolomite, and steel slag. The letters of L, SL, and SiL indicate soil textures, namely loam, sandy loam, and silt loam,
respectively. The numbers of 1.5, 3.5, and 8.0 also indicate the percentage of organic matter contents in the soils

Dehydrogenase Phosphatase
Treatment
ug-TPF/g/h

Control 17.1 + 1.04ab’ 35.5 + 0.88a

Limestone 15.6 £ 0.78a 35.5 + 1.29a

LL5 Dolomite 16.7 + 1.52ab 36.3 + 1.08a
Steel slag 17.7 + 0.31b 36.4 + 1.63a

Control 16.3 + 0.53a 36.4 + 3.03a

S Limestone 16.6 £ 0.90a 38.8 £ 0.91a
L15 Dolomite 16.4 + 1.14a 36.2 + 1.52a
Steel slag 17.5 + 0.37a 37.0 £ 141a

Control 17.4 + 1.49a 35.5 + 0.89a

SiLL5 Limestone 16.2 + 1.16a 36.4 + 4.15a
Dolomite 16.7 + 0.21a 34.3 + 1.38a

Steel slag 17.2 + 1.49a 37.0 £ 1.55a

Control 27.8 + 3.20a 45.5 + 1.29a

SiL35 Limestone 24.1 + 1.74a 48.8 + 1.72b
Dolomite 25.1 + 4.68a 43.6 + 1.90a

Steel slag 24.3 + 3.57a 432 + 1.18a

Control 29.9 + 0.88a 58.5 + 2.24b

SIL8.0 Limestone 254 + 2.02a 52.3 + 1.38a
Dolomite 27.8 + 5.05a 54.4 + 2.74a
Steel slag 26.2 + 2.85a 55.0 + 0.77ab

¥ Numbers are mean with standard deviation (7=3) and the different letters above each bar indicates the significant
differences at a level of 0.05 by Duncan test.

nAE AEEE U SERAZRE Y g4 B9 FAEE A3 59 AREAZE = Ao BuEla24],
] o] 7HA f7] 2 7] AdRe] wdkel Fojgitt Eok As]A o] HeE7b A S skl n|AE FA4o] T3l
o] &4 FHEE HSE, AR &, ke d4Ed] 2 4 Stk Bash Aol dxshs Zlow wdEvh34].
Agletd w38 Fad U5 T AuAllA g dA&Hd o TH4 0% Bk Brais BT 294121 ug-TPF/
AE B7kh=t gl ARE AT 7 qirk mepa] Aol g/he} 859 3 2oko) B gt B 53.040.5 ug-TPF/
Asle Bl a4ty 4 874 W3 T welo] 9% g/h% FE0% HuHGl[34], LAEYS] T & AT
< Ak 8 248 Sl Zo® dEA St Al FAFSE o R YERTh SHARE 59 Eokl] A9
[32]. & Aol EAS 2d3d Eokol| Aejdt eHgstEa At Antel 2jol5 B, ol B Aol st
Q] Wkt gehah AL} MEElEs B Qs 717te] iAo R Fore o2 ek sl &

== Table 29} o] Hehsth w4 24 Bl A A7 24 desas Y
EA 24 & aAgEa Al i B ] g@5aas B Z7Z 4 ukn RauEg[3s], B AA] H@et
G TAPEGEAA sk Aol weh felsH ojfte] JFeE B W e @ Tl vhet dran
7RI, GRS AR T Aot gl Aem &g ibieidas PRI SRR Aol dAshs A
Uebdt 5t ehblRellas SEs BAS 2Edo] o % yhekdch
E B Pdsked AeTe tlz 2] Aot gle e
= ouEts s vk f7lE @ 359
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EOk U FE% g 2h R w2 AUEE 2t
Z0% HAHIHS3]. o= & A7l AvpelA
ﬂa]i o]OH Eol: LH ZS—Z::/] /\g §_E§’: 7]—/\}\]
s Ea e §_i =S ST Ao} dA st
o% by wdh Bk o 784 As I a4

WY

Note

The authors declare no conflict of interest.

Acknowledgment

rr 2y o 30
il rlr
m>~1

This subject is supported by Korea Ministry of



Metals Stabilizers in Various Soils

237

Environment as “The SS(Surface Soil conservation and
management) projects; 2019002820004

References

1. Yang JS, Lee JY, Baek K, Kwon TS, Choi J (2009) Extraction
of behavior of As, Pb, and Zn from mine tailing with
acid and base solution. Journal of Hazardous Materials,
171(1-3), 443-451.
https:/ /doi.org/10.1016 /j.jhazmat.2009.06.021.

2. Rai PK, Lee SS, Zhang M, Tsang YF, Kim KH (2019) Heavy
metals in food crops: Health risks, fate, mechanisms, and
management. Environment International, 125, 365-385.
https: / /doi.org/10.1016 /j.envint.2019.01.067.

3. Gu BW, Kim mj, Park SJ (2017) Application of zeolite
with different cation exchange capacity for the stabilization
of heavy metals in upland soil. Journal of the Korean
Society of Agricultural Engineers, 59(5), 41-49.
https:/ /doi.org/10.5389/KSAE.2017.59.5.041.

4. Kumpiene J, Lagerkvist A, Maurice C (2008) Stabilization
of As, Cr, Cu, Pb and Zn in soil using amendments -
a review. Waste Management,28(1), 215-225.
https:/ /doi.org/10.1016 /j.wasman.2006.12.012.

5. Ok YS, Kim SC, Kim DK, Skousen JG, Lee JS, Cheong
YW, Kim §J, Yang JE (2011) Ameliorants to immobilize
Cd in rice paddy soils contaminated by abandoned metal
mines in Korea. Environmental Geochemistry and Health,
33(1), 23-30. https:/ /doi.org/10.1007 /s10653-010-9364-0.

6. Koh IH, Lee SH, Lee WS, Chang YY (2013) Assessment
on the transition of arsenic and heavy metal from soil
to plant according to stabilization process using limestone
and steelmaking slag. Journal of Soil and Groundwater
Environment, 18(7), 63-72.
https:/ /doi.org/10.7857 /JSGE.2013.18.7.063.

7. Allen HL, Brown SL, Chaney RL, Daniels WL, Henry
CL, Neuman DR, Rubin E, Ryan ], Toffey W (2007) The
use of soil amendments for remediation, revitalization,
and reuse. EPA 542-R-07-013. pp.17-26, US Environmental
Protection Agency, Washington DC, USA.

8. Yun SW, Kang S, Jin HG, Kim hj, Lim YC, Yi JM, Yu
C (2011) An investigation of treatment effects of limestone
and steel refining slag for stabilization of arsenic and
heavy metal in the farmland soils nearby abandoned metal
mine. Korean Journal of Soil Science and Fertilizer, 44(5),
734-744. https:/ /doi.org/10.7745/KJSSF.2011.44.5.734.

9. Lee SH, Lee JS, Choi Y], Kim JG (2009) In situ stabilization
of cadmium-, lead-, and zinc-contaminated soil using
various amendments. Chemosphere, 77(8), 1069-1075.
https:/ /doi.org/10.1016 /j.chemosphere.2009.08.056.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

Lee SS, Lim JE, Abd El-Azeem SAM, Choi B, Oh SE,
Moon DH, Ok YS (2013) Heavy metal immobilization
in soil near abadoned mines using eggshell waste and
rapeseed residue. Environmental Science and Pollution
Research, 20(3), 1719-1726.

https:/ /doi.org/10.1007 /s11356-012-1104-9.

Yang JE, Kim HJ, Ok YS, Lee JY, Park JH (2007) Treatment
of abandoned coal mine discharged waters using lime
wastes. Geosciences Journal, 11(2), 111-114.

https:/ /doi.org/10.1007 / BF02913923.

Abdu N, Abdullahi AA, Abdulkadir A (2017) Heavy
metals and soil microbes. Environmental Chemistry
Letters, 15(1), 65-84.

https:/ /doi.org/10.1007 /s10311-016-0587-x.

Rosado D, Usero J, Morillo J (2016) Assessment of heavy
metals bioavailability and toxicity toward Vibrio fischeri
in sediment of the Huelva estuary. Chemosphere, 153,
10-17.

https:/ /doi.org/10.1016 /j.chemosphere.2016.03.040.
Carolin CF, Kumar PS, Saravanan A, Joshiba GJ, Naushad
M (2017) Efficient techniques for the removal of toxic
heavy metals from aquatic environment: A review.
Journal of Environmental Chemical Engineering, 5(3),
2782-2799. https:/ /doi.org/10.1016/jjece.2017.05.029.
Ociepa E, Kisiel A, Lach J (2010) Effect of fertilization
with sewage sludge and composts on the change of
cadmium and zinc solubility in soils. Journal of
Environmental Studies, 2, 171-175.

. Vamerali T, Bandiera M, Mosca G (2010) Field crops

for phytoremediation of metal - contaminated land: a
review. Environmental Chemistry Letters, 8(1), 1-17.
https:/ /doi.org/10.1007 /s10311-009-0268-0.

Sheoran V, Sheoran AS, Poonia P (2009) Phytomining:
a review. Minerals Engineering, 22(12), 1007-1019.
https:/ /doi.org/10.1016 /j.mineng.2009.04.001.

Gang W, Hubiao K. Xiaoyang Z, Hongbo S, Liye C,
Chengjiang R (2010) A critical review on the bio-removal
of hazardous heavy metals from contaminated soil:
issues, progress, eco-environmental concerns and
opportunities. Journal of Hazardous Materials, 174(1-3),
1-8. https:/ /doi.org/10.1016 /jjhazmat.2009.09.113.
Campos JA, Peco JD, Garcia-Noguero E (2019)
Antigerminative comparison between naturally occurring
naphthoquinones and commercial pesticides. Soil
dehydrogenase activity used as bioindicator to test soil
toxicity. Science of The Total Environment, 694, 133672.
https:/ /doi.org/10.1016 /j.scitotenv.2019.133672.

Abd El-Azeem SAM, Ahmad M, Usman ARA, Kim KR,
Oh SE, Lee SS, Ok YS (2013) Changes of biochemical



238

Kim et al.

21.

24.

25.

26.

27.

28.

properties and heavy metal bioavailability in soil treated
with natural liming materials. Environmental Earth
Sciences, 70(7), 3411-3420.

Koo N, Lee SH, Kim JG (2012) Arsenic mobility in the
amended mine tailings and its impact on soil enzyme
activity. Environmental Geochemistry and Health, 34(3),
337-348. https:/ /doi.org/10.1007/s10653-011-9419-x.

. Lee SH, Park H, Koo N, Hyun S, Hwang A (2011)

Evaluation of the effectiveness of various amendments
on trace metals stabilization by chemical and biological
methods. Journal of Hazardous Materials, 188(1-3), 44-51.
https:/ /doi.org/10.1016 /j.jhazmat.2011.01.046.

. Brady NC, Weil RR (2010) Elements of the natural and

properties of soils, p.37, 3 edition, MacMillan, New
York.

Lim JE, Moon DH, Kim D, Kwon OK, Yang JE, Ok YS
(2009) Evaluation of the feasibility of oyster-shell wastes
for stabilization of arsenic contaminated soil. Journal
of Korean Society of Environmental Engineers, 31(12),
1095-1104.

Kumar S, Chaudhuri S, Maiti SK (2013) Soil
dehydrogenase enzyme activity in natural and mine soil:
a review. Middle-East Journal of Scientific Research,
13(7), 898-906.

https:/ /doi.org/10.5829 /idosi.mejsr.2013.13.7.2801.
Effron D, De La Horra AM, Defrieri RL, Fontanive V,
Palma PM (2004) Effect of cadmium, copper, and lead
on different enzyme activities in a native forest soil.
Communications in Soil Science and Plant Analysis,
35(9-10), 1309-1321.

https:/ / doi.org/10.1081/CSS-120037548.

Kim MS, Min H, Kim JG, Koo N, Park JS, Bak GI (2014)
Effects of various amendments on heavy metal
stabilization in acid and alkali soils. Korean Journal of
Environmental Agriculture, 33(1), 1-8.

https:/ /doi.org/10.5338 /KJEA.2014.33.1.1.

Mora de AP, Ortega-Calvo J], Cabrera F, Madejon E
(2005) Changes in enzyme activities and microbial

29.

31

32.

33.

35.

36.

biomass after “in situ” remediation of a heavy metal-
contaminated soil. Applied Soil Ecology, 28(2), 125-137.
https:/ /doi.org/10.1016 /j.apsoil.2004.07.006.

Moon DH, Wazne M, Yoon IH, Grubb DG (2008)
Assessment of cement kiln dust (CKD) for stabilization/
solidification (S/S) of arsenic contaminated soils. Journal
of Hazardous Materials, 159(2-3), 512-518.

https:/ /doi.org/10.1016/j.jhazmat.2008.02.069.

. Kim DY, Lee SH, Jung J, Kim JG (2006) Effects of organic

amendments on introducing pioneer herbaceous plants
in the abandoned zinc mine soil revegetation. Journal
of Soil and Groundwater Environment, 11(3), 43-51.
Tessier A, Cambell PGC, Bisson M (1979) Sequential
extraction procedure for the speciation of particulate
trace metals. Analytical Chemistry, 51(7), 844-851.
Xian Y, Wang M, Chen W (2015) Quantitative assessment
on soil enzyme activities of heavy metal contaminated
soils with various soil properties. Chemosphere, 139,
604-608.

https:/ /doi.org/10.1016 /j.chemosphere.2014.12.060.
Lim SK, Chung CY, Ok YS, Kim JG (2002) Competitive
adsorption of Cd and Cu on surface of humic acid
extracted from peat. Korean Journal of Soil Science and
Fertilizer, 35(6), 344-351.

. Lee SB, Kim JG, Lee DB, Lee KB, Han SS, Kim JD, Beak

SH (2002) Changes of physico-chemical properties and
microflora of pig manure due to composting with turning
times and depth. Korean Journal of Soil Science and
Fertilizer, 35(2), 127-135.

Havlin JL, Beaton JD, Tisdale SL, Nelson WL (2005) Soil
fertility and fertilizers: an introduction to nutrient
management (Chapter 5 Phosphorus), pp.160-198, 7"
edition. Pearson Education New Jersey, USA.

Jung BG, Choi JW, Yun ES, Yoon JH, Kim YH (2001)
Monitoring on chemical properties of bench marked
upland soils in Korea. Korean Journal of Soil Science
and Fertilizer, 34(5), 326-332.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 true
  /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 true
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


