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Abstract:  The use of the iodinated sunflower oil represents a cheap 
accessible method for the iodine deficiency eradication along with other 
iodine sources. A small amount of iodinated oil (0.25 – 1%) incorporated in 
the product can represent a significant source of iodine for the human body.  
The possibility and capacity of the molecular iodine incorporation in the 
sunflower oil was studied. It was established that during oil iodination the 
iodine is not simply added to the oil, but a process of fixation of molecular 
iodine to the double bond with π complexes formation takes place without 
double bond from the unsaturated fatty acids being broken. 
Kinetic parameters of the π compounds iodine – triglycerides formation in 
the sunflower oil were investigated.  It was established that the process is 
described by a first order kinetic reaction. The reaction constant values and 
the half-time values were established: 21012.2 −⋅=k  h-1 and 69.322/1 =t  h 
(for T = 298 K). 
 
Keywords:  iodinated sunflower oil, oil iodination, food lipids,  

π compounds iodine – triglycerides   
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INTRODUCTION 
 
Iodine is one of the microelements which overall amount in the body represents about 
15 – 22 mg and it is essential for the synthesis of the thyroid hormones [thyroxin (T4) – 
65%, triiodothyronine (T3) – 59%] which play an important role in the cell metabolism 
especially for the differentiation of the brain tissue and bone tissue [1, 2]. Iodine 
deficiency leads to important thyroid gland dysfunctions and can be manifested as 
physical and mental non development [3, 4]. For the Republic of Moldova a normal 
iodine deficiency is characteristic [5]. According to the previous drown studies, in the 
Republic of Moldova among 8-10 years old children about 37% have goitres of 1st and 
2nd degree [6]. 
Among main preventive methods for the iodine deficiency eradication, salt and other 
products iodination plays the most important role [7, 8]. But the iodine intake from the 
salt is still insufficient [3, 9]. There are population categories (such as children, elderly, 
sick people) for which the amount of the consumed salt should be decreased. Therefore 
the iodine deficiency eradication methods should be suitable from multiple points of 
view.  
In the regions with moderate and severe iodine deficiency, the iodine prophylaxis is 
made through the administration of the iodinated oil as injections or orally [10, 11]. The 
injection of the iodinated oil with 475 mg iodine/mL brings a high amount of iodine 
which will slowly adsorb depending on the body requirements. For the 0 – 6 years old 
children 0.2 – 0.4 mL is administered and for the persons from 6 – 45 years old up to    
1 – 2 mL (475 – 950 mg iodine) which covers body requirements for a period of 3 – 5 
years. However, an increased iodine intake realized through the injection of the 
iodinated oil increases accidentally the toxicities incidence [1]. 
Food fortification with micronutrients represents the method through which the nutrient 
is added in the products – vehicles aiming to improve the quality of the human 
alimentation [12].  
The use of the iodinated sunflower oil represents a cheap accessible method for the 
iodine deficiency eradication along with other iodine sources [13]. A small amount of 
iodinated oil (0.25 – 1%) incorporated in the product can represent a significant source 
of iodine for the human body.  
The aim of the present study is the evaluation of iodine incorporation methods in the 
vegetal lipids – sunflower oil. 

 
 

MATERIALS AND METHODS 
 
In this study, double refined and deodorized oil was used (purchased from local stores), 
STAS – 18848-73. To obtain the iodinated oil, in one litter of oil 1g of chemically pure, 
crystalline iodine (I2) was administrated, STAS – 4159-79. 
The oil with the total iodine content 1000 μg/mL, was diluted (1:100), obtaining a 
product with iodine content of 10 μg/mL. Diluting last product (1:10) the oil sample 
with 1μg/mL was obtained. After the establishment of the equilibrium, iodinated oils 
were used as samples for the present study.  
The analysis of the fatty acids in the samples with iodinated oil was performed by gas 
chromatography with flame ionization detector, using gas chromatograph (helium) 
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HPCHEM 1 FID1 A, equipped with a database and an autosampler. Fatty acids were 
separated depending on the length of the chain and depending on the non saturation 
degree. Parameters: start temperature 55 ºC; temperature at the loop of the column and 
the transfer line 110ºC; ventilation 10 sec; injection 1.0 min, 1μL. The temperature of 
the injector - 180ºC and the components of the eluent were detected using a flame 
ionization detector at 250ºC. The concentrations were determined from the area of the 
peak using the standard curve of the authentic oil and the database. 
Spectral analysis of the iodinated oil (compared to the analogous initial oil) and iodine 
(compared to the reference) was made using the spectrophotometer DR-5000 (HACH-
LANGE).  

 
 

RESULTS AND DISCUSSIONS 
 

It is well known that halogens are able to saturate double bonds present in the fats. In 
the case of the active halogens such as fluoride and chloride addition in the double bond 
position it is made according to the mechanism which implies the formation of an ion 
type “halonium” as a result of the bimolecular nucleophyle substitution. Molecular 
iodine addition to the non saturated fats triglycerides doesn’t take place because the 
iodine activity is very low and the increase of the carbon atoms number in the acid chain 
decreases the activity of the double bonds and reduces the saturation speed [15].  
The saturated fatty acid, monounsaturated, and polyunsaturated acids analysis in the 
reference sample after the iodine administration in the oil showed that the amount of the 
main fatty acids in the sunflower oil (oleic and linoleic acid) basically doesn’t vary 
(table 1). 

 
Table 1. The amount (%) of the fatty acids in the iodinated sunflower oil  

Concentration, % 
No. Type of 

oil 
μg I / 

mL oil 
Temp,

ºC С 16:0 
Palmitic 

С 18:0 
Stearic 

С 18:1 
Oleic 

С 18:2 
Linoleic 

C 20:0 
Arahidic 

1 Reference  0 18 6,46 3,37 22,37 66,40 0,46 
2 1:1000 1 18 6,42 3,38 22,37 66,70 0,56 
3 1:100 10 18 6,42 3,37 22,29 66,57 0,75 
4 1:10 100 18 6,42 3,37 22,23 66,61 0,63 
5 1:1 1000 18 6,41 3,33 22,29 66,77 0,67 
1 Reference  0 140 6,56 3,49 22,70 66,53 0,70 
2 1:1000 1 140 6,61 3,49 22,74 66,14 - 
3 1:100 10 140 6,60 3,59 22,63 66,62 - 
4 1:10 100 140 6,48 3,48 22,63 66,37 - 
5 1:1 1000 140 6,62 3,51 22,79 66,67 - 

 
The molecular iodine incorporation in the oil doesn’t break the double bond and the 
addition of the iodine doesn’t take place, this process being characteristic for other 
halogens as well. The verification of the instauration degree of the product (iodine 
index) confirms the invariability of the double binds number in the triglyceride 
molecule.  
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In the infrared region of the electromagnetic field the fatty mass adsorbs the radiant 
energy at 2 wave lengths specific in the middle infrared - max 3, 45λ =  μm and 5,73 μm 
and 2 wave lengths specific for the near infrared - 1724 cm-1 and 1230 cm-1. It was 
established that the intensity of the light absorption bands for these wave lengths almost 
doesn’t vary regardless the iodine concentration and corresponds to the literature data 
for the sunflower oil.  
In the UV/visible field the displacement of the maximum adsorption was noticed which 
is characteristic for the triglycerides from the sunflower oil (fig. 1).  
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Figure 1. Spectrum of the sunflower oil before and after iodination  

in the UV/VIS field 
 

This fact indicates the displacement of the double bonds in the fatty acids molecule. 
Administered iodine is fixed but not through covalent bonds but through the formation 
of certain molecular complexes due to the displacement of the electronic density and 
displacement of the double bonds. Molecular iodine fixation to the double bond of the 
unsaturated fatty acids takes place through the formation of the π complexes without 
double bond from the acid molecules being broken [16]. The bond between the electron 
acceptor (iodine) and donor is formed with the double bond π electrons participation 
from the fatty acids: 

 
 
  
 
 
 

Within the formed compounds, the displacement of the double bound takes place along 
with the displacement of the electronic density towards the iodine molecule this being 
more electronegative which ensures the stability of the formed complex. The maximal 
absorption registered at 354 nm proves the formation for the π complexes.  
To be able to investigate the iodine fixation by the sunflower oil, the relationship 
between the absorbance and the administered iodine amount within the maximal 
absorption field (λmax = 520 nm) was studied. It was established that in the 

\ / 
С 
 -I δ+             I δ    ׀׀
С 
/\



SCIENTIFIC STUDY & RESEARCH ♦ Vol. VIII (2) ♦ 2007 ♦ ISSN 1582-540X 
 

 147

concentrations range 1 – 400 μg/mL the iodine concentration increase doesn’t lead to an 
essential increase of the absorbance (fig. 2). 
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Figure 2. The influence of the iodine concentration on the absorbance 

of the sunflower oil ( maxλ = 520 nm) 
 
Subsequently, a non significant increase of the slope (450 – 900 μg/mL) was noticed. 
After 950 μg I2 /mL a steep increase of the absorbance was noticed this being due to the 
free iodine present.  
This sudden variation of the absorbance shows that the sunflower oil ability to fix 
molecular iodine is kept for a limited concentration range. Therefore, if the maximum 
concentration of the iodine fixed as π complexes is 950 μg/mL of sunflower oil, this 
amount corresponds to 3.74 μmol/mL or 3.74 mmol/L of sunflower oil. If this 
characteristic is compared with the iodine index of the sunflower oil (127 – 131 g         
I2 /100g sunflower oil, thus 5 mol/kg of sunflower oil) it is obvious that only a tiny part 
of the double bonds present in the sunflower oil are able to fix molecular iodine without 
breaking these bonds.  
This work was lead to investigate the evolution of the kinetic parameters during 
iodination process of the triglycerides in the sunflower oil. 
We consider the reaction (1): 

       Triglyceride + ν I2 ↔  π  - complex                            (1) 
or: 

                               A        +  νB ↔              C 
              initial:                      a              b                     - 
              equilibrium:         (a – bx)    (b – bx)              bx 
 

Because the reaction stoechiometry (1) is not known, for the kinetics examination of 
this reaction the notion of reaction promotion was used which can be determined from 
the equation [17]: 

                                                      ξ
ν

d
dn

i

i =                                                        (2) 

where ξ means the reaction promotion, which means its evolution towards the 
equilibrium state and νi - represents the stoechiometry coefficient of the i component 
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which amount variation of which can be analyzed. By integration of the differential 
equation (2) we obtain: 

                                                  ∫∫ =
ξ

ξ
ν 0

1 ddn
ni

no
i

i

                                                  (3) 

where: 

                                      ξ
ν

=
−

i

i nn 0 ,  or ξν ii nn += 0                                       (4) 

Therefore, the issue regarding reaction rate description is defined through the unique 
reaction rate with variation speed of the reaction promotion: 

                                         
dt
dn

v i

i

⋅=
ν
1  = 

dt
dξ                                                    (5) 

The reaction rate can be defined according to the law of mass effect through the 
relation:  

                                                      ∏= i
iRkv α][                                                (6) 

where k is the reaction constant; [Ri] - reactants concentration, and  αi - partial order of 
the reaction compared to the respective reactant. It is obvious that the algebraic sum of 
the partial orders represent the global order of the reaction: 

...21 ++= ααn . 
For the examined case (1), the expression for the reaction rate can be written as follows: 

                                           21 ][][ 2
αα IdeTriglycerikv ⋅=                                      (7) 

But the triglyceride concentration is not higher that iodine concentration and during 
reaction process till the equilibrium state is reached this varies no significantly. Due to 
this, in the kinetic equation of the reaction, reaction promotion compared to the 
triglyceride concentration can be neglected which means that the rate expression will be 
given by the following relation: 

                               =v
dt
dξ 21

00 ][)]([ ααξ BAk ⋅−=                                             (8) 

or 

                         
dt
dξ

1)]([ 0
1 αξ−= Ak , where 2

0
1 ][ αBkk =                                   (9) 

In this case, the reaction order is considered to be degenerated and the reaction constant  
1k  also known as pseudo-constant will depend on the excess component concentration.  

During this study the reaction order variation depending on the molecular iodine which 
is considered as the component, whose initial concentration is noted as [A]0, and the 
reaction order is α1.  
In order to establish the reaction order during this work we studied the evolution of the 
iodine concentration in time. It was established that this relationship has an exponential 
form (fig. 3). A similar variation of the reactive concentration is characteristic for the 
first order reaction.  
For the first order reaction the reaction speed can be expressed by the following 
relation:  

     ][][
1
1 Ak

dt
d

dt
Adv ==⋅−=

ξ                (10) 
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Figure 3. Iodine concentration evolution during iodination of the sunflower oil 

([I2]=3,9·10-3 Mol.L-1; t = 25 ºC) 
 

After integration we obtain: 

                           kt
A
A

=
][
][

ln 0 ,   or   kteAA −= 0][][                                   (11) 

Based on the equation (9) we can calculate the value of the speed constant considering 
the reaction progression:  

                                            kt
A

A
=

−ξ0

0

][
][

ln                                                      (12) 

The results are presented in figure 4. 
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Figure 4. Relation ln{[I2]0/[I2]} = f(t) for the iodination reaction of the 

triglycerides from the sunflower oil ([I2]0 =3,9·10-3 Mol.L-1; t = 25 ºC) 
 
From the data plotted in fig. 4, it was established that tg α = 2.12·10-2 h-1. But tg α = k, 
thus the rate constant of the reaction (1) has the value: 

21012.2 −⋅=k  h-1     (for T = 298 K) 
If the order and the rate constant of the reaction are known the half-time of the reaction 
can be established. For a first order reaction the following relation can be used: 
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                                       2ln
2/][

][
ln 2/1

0

0 =⋅= tk
A

A
                                           (13) 

which leads to the relation: 

                                                  
k

t 693.0
2/1 =                                                      (14) 

Therefore, the half-time reaction of the triglycerides iodination process from the 
sunflower oil constitutes:  

69.322/1 =t  h (for T = 298 K) 
Aiming the elucidation of the temperature influence on the reaction rate, the reaction 
rate was examined at different temperatures. For the temperature range 298 – 340 K it 
was established a reaction progressing and the reaction rate and the rate constant were 
calculated. The results are presented in table 2.  

 
Table 2. Kinetic parameters of the reaction iodine-triglycerides* from  

the sunflower oil depending on the temperature  
Arrhenius parameters 

of the reaction Temp. 
[K] 

Reaction 
evolution, ξ  

[mol.L-1] 

Reaction  
rate, v 

[mol.L-1.h-1] 

Rate 
constant, k 

[s-1] 
activation 
energy, Ea 
[kJ.mol-1] 

frequency 
factor, A 

 [s-1] 
298 
310 
320 
330 
340 

1,9·10-4 

2,5·10-4 

3,2·10-4 
4,1·10-4 

5,2·10-4 

7,9·10-6 

12,1·10-6 

13,3·10-6 

17,1·10-6 

21,7·10-6 

2,12·10-2 

2,84·10-2 

3,72·10-2 

4,79·10-2 

6,14·10-2 

20,735 

94,7 
89,6 
91,4 
91.5 
95,3 

* Initial concentration [I2]0 = 3.9.10-3 mol.L-1 

 
It was established that although the reaction speed increases when temperature 
increases, the thermal coefficient is not too high:  

28.110 ≈+

T

T

k
k  

This proves that the reaction is limited not by the kinetic factors but by the diffusion 
factors. These are caused by the high viscosity of the system as well as by the steric 
factors which hinders the molecular iodine penetration in the sites assigned for the π 
compounds formation. It is obvious that the settlement of the electronic density requires 
energy and time outlay.  
In order to establish the Arrhenius parameters of the iodine-triglyceride reaction from 
the sunflower oil the diagram ln k in terms of 1/T was drown (fig. 5). 
It was established that the relationship kln− = f(1/T) represent a straight line which 
proves that the examined process may be described using Arrhenius equation:  

                                                
RT
E

Ak a−= lnln                                                (15) 

From the diagram the slope was established:  

494.2)/1(ln ===−
R
ETfk a  
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Figure 5. Relationship between the rate constant of the reaction and the temperature 

 
The activation energy of the examined reaction is 20.735 J.mol-1, or 20,735 kJ.mol-1.  
The calculations made through analytical method based on the relation:  

                                                 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−=

121

2 11ln
TTR

E
k
k a                                                 (16) 

proved that the average of the obtained values for the activation energy of the 
triglyceride iodination process of the sunflower oil are:  

13 J.mol1074,20 −⋅≈aE  
Subsequently, the values of the frequency factor (A) were calculated based on the 
Arrhenius equation and the average value of the activation energy: 

RT
E

kA a+= lnln  

Obtained values are indicated in the table 2. The average value of the frequency factor 
is:  

5.92=A  s-1 
The obtained results show that the reaction involved in the π compounds triglycerides-
iodine formation are characterized by a relatively low activation energy -

13 J.mol1074,20 −⋅≈aE , but the frequency factor is extremely low which explains the 
low speed of the π complex formation reaction iodine – triglyceride from the sunflower 
oil.  
 
 
CONCLUSIONS 
 
The possibility and capacity of the molecular iodine incorporation in the sunflower oil 
was studied. It was established that during oil iodination the iodine is not simply added 
to the oil, but a process of fixation of molecular iodine to the double bond with π 
complexes formation takes place without double bond from the unsaturated fatty acids 
being broken. 
Kinetic parameters of the π compounds iodine – triglycerides formation in the 
sunflower oil were investigated.  It was established that the process is described by a 
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first order kinetic reaction. The reaction constant values and the half-time values were 
established: 21012.2 −⋅=k  h-1 and 69.322/1 =t  h (for T = 298 K). 
For the temperature range 298 – 340 K the reaction evolution was established and the 
reaction rate and rate constant value have been calculated for the process of formation 
of π compounds iodine – triglyceride in the sunflower oil. The thermal coefficient of the 
reaction was established to be 1.28. Also we observed that this process can be described 
by the Arrhenius equation which was proved by the straight line obtained in the diagram 
–lnk = f(1/T). The Arrhenius parameters of the reaction were calculated:  

Ea ≈ 20.74.103 J.mol-1 and A = 92.5 s-1 
The relatively low value of the activation energy and the extremely low value of the 
frequency factor prove that the reaction is limited by the diffusion factors and not by the 
kinetic factors. These are caused by the high viscosity of the system as well as by the 
steric factors which hinder the molecular iodine penetration in the sites assigned for the 
π compounds formation. Therefore the thermal factor does not seam to have a decisive 
influence on the reaction speed.  

 
 

REFERENCES 
 

1. Jaffiol C., Manderschield, J.C., De Boisvilloliers, F.: Carences nutritionnelles en 
iode, Cahiers nutritionnel et diét, 1995. 

2. * * * Elimination of Iodine Deficiency Disordes in Central end Easten Europe, 
Proccedings of a Conference, Munich, Germany, 1997, WHO/UNICEF/ICCIDD, 
1998. 

3. Delange, F.: The disorders induced by iodine deficiency, Thyroid, 1994.                 
4. World Health Organization, United Nations Children's Fund, and International 

Council for Control of Iodine Deficiency Disorders. Geneva: World Health 
Organization, 1996. (WHO/NUT 94.6.) 

5. Питание и пищевой статус населения Республики Молдова. Консультации и 
рекомендации. UNICEF, Отдел в Республике Молдова, 2000.  

6. Alimentaţia şi nutriţia umană în R. Moldova, 2000, Constatări şi recomandări 
UNICEF, Biroul pentru Moldova. 

7. John, T.: Iodine Should Be Routinely Added to Complementary Foods, J. Nutr., 
2003, Sept.,133, 300. 

8. Hetzel, B.S.: National IDD control programs, in: The Story of Iodine Deficiency, 
Oxford Medical Publications, New York, 1989, 123–144. 

9. Hetzel, B.S. (ed.): The Story of Iodine Deficiency, Oxford University Press, 1989. 
10. Benmiloud, M., Chaouki, M.L., Gutekunst, R. et al.: Oral iodized oil for 

correcting iodine deficiency: optimal dosing and outcome indicator selection, J. 
Clin. Endocrinol. Metab., 1994, 79, 20. 

11. Fierro-Benitez, R., Ramirez, I., Estrella, E. et al.: Iodized oil in the prevention of 
endemic goiter and associated defects in the Andean region of Ecuador, in 
Endemic Goiter, (J. B. Stanbury, ed.), 1969, Washington, D.C., PAHO, 306–340  

12. Hurrell, R.F.: Mineral fortification of food, Leatherhead Food Research 
Association, 1999, England. 



SCIENTIFIC STUDY & RESEARCH ♦ Vol. VIII (2) ♦ 2007 ♦ ISSN 1582-540X 
 

 153

13. Belitz, H.D., Grosch, W., Schieberle, P.: Lipids, in: Food Chemistry, 2004, 3rd 
revised edition, Berlin, 157 – 244. 

14. ГОСТ- 1129 – 93, Подсолнечное масло, Технические условия. 
15. Karlreskind: Manuel des corps gras, Vol. 1,2, Technique et documentation, 

Lavoisier, 1992. 
16. Спайкс, П.: Механизмы реакций в органической химии, Издание 4-е, Москва, 

«Химия», 1991, 145 – 148.  
17. Atkins, P., de Paula, J.: Atkins’Physical Chemistry, 7th Edition, Oxford University 

Press, 2002. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


