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Study on Sorption of Mn(II) on Root Tips and Non Root Tips of Maize and Soybean

LU Hailong"?, XU Renkou'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To examine the differences in surface charge and functional groups of root tips and non root tips of plants and their
effects on Mn(Il) sorption onto plant roots, the fresh roots of maize and soybean were obtained by sand culture experiment and
were divided into root tips and non root tips, and then their zeta potentials and functional groups were determined by streaming
potential and ATR-FTIR, respectively. The roots were reacted with Mn(II) solution, and then exchangeable, complexed, and
precipitated forms of Mn(II) sorbed on plant roots were extracted with KNO3;, EDTA-2Na and HCI sequentially. The results
showed that zeta potentials of root tips of the two crops were more negative than those of the non root tips, and the root tips of the
two crops carried more functional groups than the non root tips. Mn(II) sorbed on the root surfaces of two crops mainly existed as
exchangeable form, and the amounts of exchangeable Mn(II) and total sorbed Mn(II) on the root tips were significantly greater
than these on the non root tips. The higher negative charge and the larger number of functional groups on the root tips were
responsible for their higher adsorption capacity and greater binding strength for Mn(II) than the non root tips. Therefore, surface
charges and functional groups play an important role in the sorption of Mn on crop roots.

Key words: Root tip; Zeta potential; Surface charges; Mn(II) sorption; Functional groups

KEMEASE FEMATFEYRREEYY . & b, il i Mo SR AR ™ AR AR R ),

(Mn) 2 AEY A R R F R e R, AMUS 5
TR E YRR, T EAETE PR At R A
Mn S AR 0 o R P AR Y. Mn
X5 YRS | A A TN A - S HIL B 20
B LA, (s Mn SRR E
WIS EY) " AT E . PRI Mn SERERT

Y% Mn 75 RIVMARZIER, A FFr kg
FREBERUES P R EIR LR A AT
RIRFEAE

L) 25 A R AR A IR R AR A - 3 e 4 3R
TER A AR B AR R R IR AR
PEAAEYI RS — B BB, AR A B2 A A

O#R_4TH . EFR H RPN ST H (41230855)F1 [E 5K 5 S 6F & I H (2016 YFD0200302) % Bl .

* Sl HAE#H (tkxu@issas.ac.cn)

YRR Bl E(1988—), B, ZHEMA, LA, FENFHYR A RE BRI, E-mail: hllu@issas.ac.cn

http://soils.issas.ac.cn



%5

R IREE . TR R TARISFIAEARISHR A7 X Mn(11) #W B 5 1039

UK. FEVRAR(T R EEESHAELMNE
BIERAL, AEPLE g N PR BT AR, PR AR SR XA ) A
KmkdEkmaE™, BENmRRE, miha
S EUR Y ARSI H R K DX 20 A % 20 it B 2 B ) o
T, LB RS R A U, R AN B RE SRR I
PR L A R e i P4 S S QN 1 o/ e g
JCE YRR I At B A T R UL,

FRAS ALY R 3 i T2 R T AR A r
FAEARSSFRAL (1) AL 2A R AN, AT 3524 F G
BEY AR B A AN ] . N TR R X 22 57, A
SCLMR 14 Fign £ 20 PIFMED 53 %, F i s)
FL A7 75 R O 4 S ST 21 163 (ATR-FTIR) 4 AR A 5%
T FRARIEB A A AR AR I F A 2 AT H A 1) 22 57 SR
K, %57 Mn(1l) TEARSSEALFIEERL S 0 BT
225 B AR F AT R B R o WFoE 4 S vl Sl itk —
A PRARAE P AR IR AE IR o PN i 7 & B 2
HIE RS

1 #REFEZE

L1 I ar A

AR BE K G (Glycine max cv.)Fl £ K(Zea
mays L)SFAHI RS 14 FIFRE 20, M0 —
HHFT, B 10% RRZEIKIEHEE 15 min, FRH
KR TS, TZRIBAKTIRI 6 h 25735
R G EKFF 8 T KEFrh 25 CHOGME
2, WPEEEELN 2 om. FRFFEEZERT, E
FEANTARKZE(4h 6, 28 °C; 10 h B, 20 C;
JEHEBRIE 375 pumol/(m*s); AHXFIRIE 70%)H kAT 5%
o 2.d 5 B oK sE ) SRR R TR
1.2 RAREFBALTE 3 B ALA N E

KRR 522508, HZEBKEFERRR 3
WG, /MO RE K, S5 %E A &0 s
FL A7 2k T ) A 2R AR QB A7 A AR AR A AL 1Y
zeta LU, REPIMRAR— B MR 2 05 e P ih 0.4 ~
0.6 cm AYANIGER 73 o |1 T-00 7 25 A Ry PR, eI AR
RS AL AR R A BN RE R, R, AR
DIAR R B et A A, T BRI AR R BT AL 0 ~
3em 13 ~6 cm Mz, F3 il URRARIRAFIAEMR R
AL BRI A Y50 J5 TR Sl it [ H A BT
WG INA 1.5 L #1534 80 uS/cm A NaCl i# K ,
VA 2 b JE SR AR BT ROT R 1.5 LB )[R A
e B LR BV, PP 10 ming T8I — X [ T
o it Yt PR i 1) Ag/AgCLFEL AR I S 9 i 1) 9 3 v
(AE), T84 —Xf [ THE At P o i P F AR I

HEANRE b it B R () o 38 A T I SRS F R A TR
RNFE M, I8 A 1T e AR AKX Bl 7 ARAS AN [ s 22
(AP)RY AL sl L 37 . AR 3 Helmholtz-Smoluchowski
D5 A&, H I i i B FL A T AR QIR AR AR I A7
i) zeta Hi {712

(==L (1)

K I zeta NI (mV); AE ZTRBIHLAI(mV); AP
SEMARIE J122(Pa); o RIS ERI R 5 (Pa S); ¢ 2
HL AR T W B HL B B (F/m) s &0 R ELZS A A HE,
HH(F/m); « B 23(S/m).
1.3 RANEEBALT Mn B IR Bt /% IR

A MRITFS 6 em KB EEAR , W2 BHA I AR
MRBCE T 228 TR 12 h LIS RS s
FREF o H MnClL Fit B Mn(I1) %, FK 3 g BrifiR
T 60 Hjg eMierh, #4115 500 ml 50
umol/L ) Mn(Il) AW 2 ho WMHSERUE, KR
N3 P O P A o QUL K IR/ A Y & B 8
I3 NSRRI 2 B, K 3 em(0~3.3 ~ 6 cm),
FREE, SRIGHRUKLA 0.1 mol/L KNOs, 0.05 mol/L
EDTA-2Na £ 0.01 mol/L HCI #J 200 ml ¥ ¥ rh 42 B
TR AS S | 4B S MTUHES Mn(IDP, $RERSE
R, R T W 4 O 6 B 1R (Nov AA350,
Analytikjena AG, Jena, Germany)illzg 3 Fh4&HUE +
Mn(Il) BY& . K 3 FIEAM Mn(I) ITFIFE AR 3
W B Y Min(IT)

FKE L Mn FEAMRKNZFIER, &85 F
10 ~ 5532 mg/kg, F¥IEHEK 710 mg/kg, RJZ+TIE
H M 955 R 32 RO XA AR B 2 PR R e
Mn 7F 3 E2E 2L Ma(IID) 1 Mn(1V) 8T
TET HIEEAR ST, Mn(IID) F1 Mn(1V) 5 TR AELE
IR PR INAR B A, AU — 2 S5 7 g v ]
Wy e T Mo(1D) B3R J5LBE J155 , Mn(1D)
FERRYE 1 h RERR R AT, X R R I S
A= Min SR B 5 1) 322 SRR PR, AR S FH Min(IT)
PEAT R B /it 6
1.4 RARIAFR £ K E IS0 E(ATR-FTIR)

NzE

IR R IARISIRAL(0 ~ 3 cm)FIAEMRISIRAL(3 ~
6 cm)ff S B FOKUEEIE TR, %R £ W
AL (ATR #35)8Y Nicolet iS10 £L4MEGiE{ (Nicolet
Analytical Instruments, Madison, Wisconsin, USA)lE
REMLIIMNGE . HEERFHREEE 650 ~4 000 cm ™,
FRHERIE 4 om™, ARG RESH 32

http://soils.issas.ac.cn



1040 +

e 52 %

AR .
1.5 Sitsatn

fdi Fi SPSS 20.0(SPSS Inc., Chicago, USA)#k {4 i
T EAR AL BN GE S04 o A ¢ A SR ARSI Ak 3 22 1] (1Y
Z5AE P<0.05 /KT L M

2 HR5H®

2.1 REEBAIANIER R EBAIAIRE R L F MR
zeta FLALAYSSSREH], TEFTNER pH 4 ~ 7.5 8
A, PR AIAR AR AAR IS, FIAAR IS zeta
A BN A (A 1), RIRA Ry, 52
AT IR — 2>, Bl AR TR pHL T
PRI IR 22 BURRIRERA AIEAR AR TR Y zeta HLALEY
BRI S, BAR AR KT TR pH T
TN o AR ZR R T T LT 20K [ &5 U E REMT A B
BE%E pH Thi, HREMIRESTEEERN, SARATIE 2.

pH
3 > 6 ! 8
—m— IRAER (TR 14)
o . —m - JEHURHEAL (1R 14)
A —A— MRISERA (7L 20)
S ~mZ _ —A - ARRIERAL (K 20)
é—lO‘ ~ =~ ~A
S| e .
e 2==3
]
g =20F
_30_

1 7AFE pH &HTERFIKXZRAEALFN
R R ERALHY zeta HLAL
Fig.l Zeta potentials of root tips and non root tips of
maize and soybean at various pH values

A 1T AR A Y PR AR 2R AR zeta
HLAE ELARARARTRA Y zeta HLO T 67, HLREE R pH FF
B, RO AARARISHN, zeta HANIHIZE(EAE K. N
pH 4.5 B} FORM R PIRISHER AL AR, zeta HLAL
#{EN 4.8 mV, pH 6.7 BN 22N 6.3 mV; pH 4.5
AR AR R ARRISIR AL AR zeta HEA2E(H A
5.3 mV, pH 6.7 IAHR2EE N 10.1 mV, XEELERERHT,
TR 2R BIARISERAL L ARAR IR 4 A 51 22 B B L fir
2.2 RRFBALFAIEIR REBALHYLL S S

th TR % &4 K =1 BEHI(-COOH ., ~OH
4y, XSEEREAMRE LS, (AR AR A
It H R 4 BH B TR L2, B 6 s o PR AR AR L
FIAEARIRSEB AL LA UL 2. 47 F 1 633, 1 544
T 243 cm™" A AU IE S A e BERE T G A5
C=0 MMgrdRzh A N-H A& ihdRsh), BEi [I(N-H

(RS 48 3 A e TI(N-H (9725 4R 3h A1 C-N Ay fif
iR )5 1397 em™ Ab ARG JE-COO-FY AR
WP, BT 1369 cm™ Fl 1028 em ! Ak I Iy
BIEJE T4 ZE PR C-H M5k s ApE2ER) C-OH
8 4R 3h 20 AR RN AR A A7 45 IR A 0 v
BAHBES, RUCIRESH MW ERR. |
I, MRS £ W e i B 3 g T ARAR TR (1E] 2),
FURRASERAL B RE A 1) B i 22 TAEMRASER A o X RAR
IIFAL Ll AR AR B A7 5 A7 0 25 471 v fp F) F2 2 SRR

S
05k HURFRAL (FREL 14) S
ST == AERRERGL (R E 14)
HRARERAL (5 20)
04F — — JARHIYAERNL (FRE 20) \
i 0.3}
P
02t
0.1+

0.0 1 1 1 1 I
2000 1800 1600 1400 1200 1000 800
WH (em™)

2 ERMKEIRARABLLFNER SR ERALAY
ATR-FTIR *iZE
Fig.2 ATR-FTIR spectra of root tips and non root
tips of maize and soybean

23 RREPAEIERICEBALXT Mn(II) FY IR Bt K

HERZBHAMERHOXER

MR AR S Mn(ll) ERAHEAERS, AR
Mn(Il) A X4 A . KA BMULTES 3 MIE
AP 2 Mn(IT) ZEARFRIZFHY Mn(ID) A
g7 Feiok, HKIEZSA 2 Mn(IT) ATTHEZS Mn(ID)(]
3), Kt Mn(Il) &FAEREKEFEDACHEFE. 4
Mn(Il) BIRIEEAEE A 50 pmol/L B, T KM JRFHA
B 3 AHIEZS Mn(ID) A9 20 0 a8 T AR AR AL
(P<0.05). KEARFRAI M B 2242 Mn(IT) 45 ik
F e T AR ARER AL (P<0.05) 5 W B 2% 5 A FH UL HE S
Mn(Il) At TR, (AR AW 4 3
FHIEZS Mn(11) K FI345 Mn(11) 7EAR AW FfT i,
SERFI, PIFAEYIAR RARISER LI Y Mn(IT) &
T B TR, S Mn(Il) HA
IS AL RSB 3), HRARER AL T Mn(11) Y3/ T
FEARISHRA , T IARISHRA HLARAR SRR A7 HLA T (1
W B RE T o

A Mn(1l) FZSE A AT R R S &R
PH B -2 [R1 A 0L 5 | 0 T W B ZE A AR 25, LA
I R B AR 2R 2 IR L a1 O AR BT 671 P e

http://soils.issas.ac.cn



%5

R IREE . TR R TARISFIAEARISHR A7 X Mn(11) #W B 5 1041

Bz, X Mna(Il) AWFEE JTERSE . i T PR E
PIHR R AR IR 2 A T 22 (9 07 F A, 8] I R o B
Z I 24525 Mn(IL) o W B T AR R 1Y Ac 4 S BH S+ B
R BT, o BRI RSORI ] . R, ARRFRL
XF Mn(IT) A 5 R i F I B £ P BB MR AR A0 R
WAL B £ Mn(IT) B9 EZL R Liu il Xu 2R
5T R I, 24 A R TR I 1 2 o 4t e T LAt
o, FF HBEE BRI B BN, S S5R & iR
WA . Delhaize 450 LI B AR 78 MR 2057 A4 15 B A
TR T IHATSA, PR ARSI, IR R
IXLERFIE 25 SR 5 A SCOMER I B G — B, ULPHREIAR 2R
BRI 2 T LA, R BRI FH S A R
W o 25 2 A7 R R

120

HH

[ vl
D0 ++:

\O
(=]
T

H

i (IT) (mg/kg e FE)
N
S

o
(=]
T

H

RSN VAN | RS VA RSN VAR | ¥ RSN v
T 14 P L 20

3 ORHME T AR AR SR ERALFNIEAR SR BB AL Min(1)
B E RS2 Fa(Mn(I) #3EKE 7 50 pmol/L)
Fig. 3 Distribution of chemical forms of Mn(II) adsorbed on root
tips and non root tips of maize and soybean (Initial Mn(II)
concentration was 50 pmol/L)

Hy T AR A0 BE Bl D AR R R T A A KR
—COOH. —OH FlI-H,PO4 % F e, ‘BT i+ 1Y
fift B AZE A E R I, H A f 302, B
Ut , AR 2 B B AR 6 F far () RO TR, R
YRR X Mn(11) FHAth 4 & BH S 7 7= A= i v W B (%)
FEJFEH 55, RN E R AR S 48 FH &
TR EEEAY, RLIEHE T FREEE A0,
MR AW A Mn(Il) B9 FBE A . AR
R Z A5 BR AR, LT HUAR 28 Ho A 10 A7 76 7 3=
& —-COOH FI-OH 45 felA Y, Hit, #MYR &
MR AREB AL R 5 IR B B 22 A 28 4625 Min(IT) FIZS A 25
Mn(II),

3 #ig

TFORANR AR FRARISH AL AR ER AL B9 it AL

SVERUAATE I R 22 5, DRI AR T AR AR Ao %
Mn(l) FUREREIANE . ARSI AH L, MR
FRALH A B 22 B H RE TR 7 L T, S BIOHR AR E o ML A
A A Mn(IT) , 45575 Mn(IT) DL Mn(IT) 00 B
S T ARSI o RIS AT A 01 22 (14 B e AT A
TR LA SR B B 22 B Min(TT) AR PSR W2 i AR 22
HZ Mn(1l) BJREHZ —.

S 3k

[1] Oerke E C, Dehne H W. Safeguarding production—Ilosses
in major crops and the role of crop protection[J]. Crop
Protection, 2004, 23(4): 275-285.

2] EEZE, BRAZE. WRHRH LRSS MESE & w550
WFFE[I]. L3RR, 2017, 54(6): 1438-1450.

[3] Broadley M, Brown P, Cakmak I, et al. Function of
nutrients[M]//Marschner’s Mineral Nutrition of Higher
Plants. Amsterdam: Elsevier, 2012: 191-248.

[4] Berg B, Steffen K T, McClaugherty C. Litter decompo-
sition rate is dependent on litter Mn concentrations[J].
Biogeochemistry, 2007, 82(1): 29-39.

[51 BRTF, A, #R, 4. hERH 3 6 4R i5 4B
PR X ]. LR, 2018, 55(2): 261-272

[6] Wissemeier A H, Diening A, Hergenrdder A, et al. Callose
formation as parameter for assessing genotypical plant
tolerance of aluminium and manganese[J]. Plant and Soil,
1992, 146(1/2): 67-75.

[71 Foy C D. Physiological effects of hydrogen, aluminum, and
manganese toxicities in acid soil[M]//Agronomy Mono-
graphs. Madison, WI, USA: American Society of
Agronomy, Crop Science Society of America, Soil Science
Society of America, 2015: 57-97.

[8] Arold N, Binns M. Fe, Mn and the grey effect in
hydroponically-cultured flue-cured tobacco[J]. Plant and
Soil, 1987, 101(1): 39-43.

[9] Keisling T C, Thompson L F, Slabaugh W R. Visual
symptoms and tissue manganese concentrations associated
with manganese toxicity in wheat[J]. Communications in
Soil Science and Plant Analysis, 1984, 15(5): 537-540.

[10] Ohki K. Manganese deficiency and toxicity effects on
growth, development, and nutrient composition in
wheat1[J]. Agronomy Journal, 1984, 76(2): 213-218.

[11] Sanita di Toppi L, Gabbrielli R. Response to cadmium in
higher plants[J]. Environmental and Experimental Botany,
1999, 41(2):105-130.

[12] 309, MEM, FH, 5 KHEXRH LIRS SR
SRAVEEALEIZ[I]. 13, 2018, 50(5): 981-988.

[13] &J"H, BRIFIE, Irshad Ahmad, 5. FRAAR R 45
R RSP XT FAR HE T 5RAR BE ARE EBIL R (0], L,
2018, 55(3): 764-773.

[14] Alemayehu A, Zelinova V, Bocova B, et al. Enhanced
nitric oxide generation in root transition zone during the
early stage of cadmium stress is required for maintaining

http://soils.issas.ac.cn



1042

+

52 %

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

root growth in barley[J]. Plant and Soil, 2015, 390(1/2):
213-222.

W BF, X522, BN, AE. FRMME R AR YR O 2 A BE
2 ) BT A A R AR R i LR BB B ST 0], R R
SRR, 2013, 19(2): 498-509.

M A, WESE, KE, . EAE XY R gl
MR FEIERLN[T]. SRR, 2014(12): 140-142.

Klug B, Specht A, Horst W J. Aluminium localization in
root tips of the aluminium-accumulating plant species
buckwheat (Fagopyrum esculentum Moench)[J]. Journal of
Experimental Botany, 2011, 62(15): 5453-5462.

Williams P N, Santner J, Larsen M, et al. Localized flux
maxima of arsenic, lead, and iron around root apices in
flooded lowland rice[J]. Environmental
Technology, 2014, 48(15): 8498-8506.
LiZY,LiuY, Zheng Y Y, et al. Zeta potential at the root
surfaces of rice characterized by streaming potential
measurements[J]. Plant and Soil, 2015, 386(1/2): 237-250.
Childress A E, Elimelech M. Effect of solution chemistry
on the surface charge of polymeric reverse osmosis and

Science &

nanofiltration membranes[J]. Journal of Membrane Science,
1996, 119(2):253-268.

Liu Y, Xu R K. The forms and distribution of aluminum
adsorbed onto maize and soybean roots[J]. Journal of Soils
and Sediments, 2015, 15(3): 491-502.

JKEE, BT, AT, S ORFIXURH L E 4
B 15 Yy b HoAE ) ERVRAE[T]. 3, 2017, 49(1): 141-
149.

Snyder G H, Jones D B, Coale F J. Occurrence and
correction of manganese deficiency in histosol-grown
rice[J]. Soil Science Society of America Journal, 1990,
54(6): 1634-1638.

Lu H L, Liu Z D, Zhou Q, et al. Zeta potential of roots
determined by the streaming potential method in relation to
their Mn(Il) sorption in 17 crops[J]. Plant and Soil, 2018,
428(1/2): 241-251.

Zhou Q, Liu Z D, Liu Y, et al. Relative abundance of
chemical forms of Cu(Il) and Cd(II) on soybean roots as

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

(34]

influenced by pH, cations and organic acids[J]. Scientific
Reports, 6(1): 36373.

Sharifi M, Khoshgoftarmanesh A H, Hadadzadeh H.
Changes in the chemical properties and swelling coefficient
of alfalfa root cell walls in the presence of toluene as a
toxic agent[J]. Environmental Science and Pollution
Research, 2016, 23(7): 7022—-7031.

Wang J, Evangelou B P, Nielsen M T. Surface chemical
properties of purified root cell walls from two tobacco
genotypes exhibiting different tolerance to manganese
toxicity[J]. Plant Physiology, 1992, 100(1): 496-501.

Cai X, Chen T, Zhou Q Y, et al. Development of Casparian
strip in rice cultivars[J]. Plant Signaling & Behavior, 2011,
6(1): 59-65.

Singh J, Lee B K. Influence of nano-TiO, particles on the
bioaccumulation of Cd in soybean plants (Glycine max): A
possible mechanism for the removal of Cd from the
contaminated soil[J]. Journal of Environmental Manage-
ment, 2016, 170:88-96.

Liu Z D, Zhou Q, Hong Z N, et al. Effects of surface
charge and functional groups on the adsorption and binding
forms of Cu and Cd on roots of indica and japonica rice
cultivars[J]. Frontiers in Plant Science, 2017, 8: 1489.
DOI:10.3389/fpls.2017.01489.

Delhaize E, Craig S, Beaton C D, et al. Aluminum
tolerance in wheat (7riticum aestivum L.) (1. uptake and
distribution of aluminum in root Plant
Physiology, 1993, 103(3): 685-693.

Wu Y H, Hendershot W H. Cation exchange capacity and
proton binding properties of pea (Pisum sativum L.) roots[J].
Water, Air, and Soil Pollution, 2009, 200(1/2/3/4): 353-369.
Inbar Y, Chen Y, Hadar Y. Solid-state carbon-13 nuclear
magnetic

apices)[J].

resonance and infrared spectroscopy of
composted organic matter[J]. Soil Science Society of
America Journal, 1989, 53(6): 1695-1701.

Lin Y H, Chen J H. Aluminum resistance and cell-wall
characteristics of pineapple root apices[J]. Journal of Plant

Nutrition and Soil Science, 2013, 176(5): 795-800.

http://soils.issas.ac.cn




<<
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


