
Romanian  Biotechnological  Letters  Vol. 15, No.3, 2010, Supplement 
Copyright © 2010 University of Bucharest  Printed in Romania. All rights reserved 

ORIGINAL PAPER 
 

62 

Cellular and molecular alterations in skin submitted to ultraviolet 
radiations 

 
Received for publication, March 18, 2010 

Accepted, May 19, 2010 
 

MIHAELA HINCU1, OLGA  SURDU2, ALBERTINE LEON1, GAROFITA MATEESCU3, 
ZIZI NICULESCU1, IRINA DURBALA2, STELA ZAMFIRESCU4   
1“Ovidius” University of Constanta, Dentistry Medicine Faculty, Romania 
2“Ovidius” University of Constanta,  Medicine Faculty, Romania  
3U.M.F. Craiova, Romania 
4“Ovidius” University of Constanta, Biology Faculty, Romania 
Corresponding authors:  Mihaela Hincu, Associated Professor, MD. PhD,  
Departament of Histology –Cell Biolgy, Dentistry Medicine Faculty,”Ovidius” 
University of Constanţa, Romania. E-mail: mihaela_hincu10@yahoo.com 
 

Abstract 
It is known that solar radiations hold an antirickets therapeutic effect by stimulating vitamin D 

synthesis as well as a relaxing and anti-depressive effect. Our study aims at growing awareness in 
subjects exposing to UV radiations in terms of duration, indications and contraindications of usage. 
Exposure to UV mixed with peloid applications highlighted, through the immunohistochemical survey of 
lymphocyte population, the increased number of immune activity in dermis displayed as an 
inflammatory infiltrate around the vessels of pilosebaceous follicles and sebaceous glands.A stimulation 
of apoptotic processes through determining the ratio of nuclear area/total epidermic area is highlighted 
by a reduction of nuclear surface in favor of cytoplasm. Keratinocytes apoptosis displays a significant 
role in regulating epidermis development and avoiding carcinogenesis. 
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Introduction 

 
Solar light spectrum (electromagnetic spectrum) comprises a wide gamut of 

electromagnetic waves which are classified in terms of wavelength, which varies widely, from 
kilometer-long lengths down to minimal values of 0.00001 millimicrons. That segment of 
radiations to cover the infrared radiations zones, the visible radiations, along with the 
ultraviolet ones are of significance in dermatology. 

The infrared radiations spectrum, also termed caloric radiations, covers the segment of 
wavelengths ranging between 760 millimicrons (beyond the red color) and 50 microns. 
Research investigations performed with the artificial infrared radiation have shown that the 
irradiation of 440 mw x cm2, over a surface of 10x10 cm2, for 9.5 minutes/day, over a period 
of 6 weeks, triggers the significant growth of glucoso-6 phosphate dehydrogenase on the 
irradiated spots (KRICKER A, [ 1]. 

The visible radiation spectrum (the light waves) have an impact on the retina and 
covers a quite limited area of the electromagnetic spectrum, with wavelengths ranging 
between 770 and 390 millimicrons. Here are to be found the bands of the seven radiations 
constituting component colors of the white light. Visible light does not harm biologic 
structures. 

The ultraviolet are above the violet band in the solar spectrum (the longest wavelength 
for visible light). The ultraviolet light denomination is improper, the preference going for the 
ultraviolet radiation while wavelengths ranging in the 400-10 interval. 
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The UVR can be classified (B VITASA, [2] such as: 
A. Ultraviolet Long waves 400-315 nm Solar light rich spectrum 
B. Ultraviolet Medium waves 280-315 nm Emitted by mercury lamps 
C. Ultraviolet Short waves 280-180 nm Made by discharges in mercury vapors 
Other Ultraviolet  < 180 nm Absorbed by air, to be used only in vacuum 
 
Ways in which ultraviolet radiations act on skin 

Ultraviolet radiation observes the laws of physics, behaving as incident radiation. By 
interacting with matter, it will be partly reflected and refracted (transmitted). In the final stage 
it will leave the medium or else it will be absorbed by a chromophore (a molecule with 
adequate structure). When this radiation interacts with the skin, part of it is reflected and 
dispelled in the corneous stratum; one other is absorbed into epidermis, while another one is 
directed towards dermis. 
The depth of penetration depends on wavelengths. For BUV (λ = 280-320 nm), the most 
quantity is absorbed within epidermis, mainly within the melanin granule and specifically by 
urocanic acid, tyrosine, meladinine and only 10% penetrate below this barrier (as against the 
whole cutaneous surface). For AUV, (λ = 320-400 nm), approximately half of it crosses 
epidermis, reaching papillary dermis, at a depth of 0.1-0.2 nm, being mainly absorbed in 
dermis by collagen, sanguine hemoglobin, tissular bilirubin, and adipose tissue beta-carotene 
(A KRICKER, [1], RC Mc.KENZIE, [3]. 

At cell level, there are nuclear and non-nuclear targets (proteins, membranes). At 
nucleus level, it is nowadays considered that the central hypothesis in solar aggression is 
DNA alteration as the fundamental precocious event. The inadequate repair of this lesion 
causes mutations in time in oncogenes or tumor suppressor genes (T NAGANO &al., [4]. 
DNA is the most critical target for ultraviolet aggression due to its participation in replication 
and cell death, as well as in the above-mentioned mutations. Its absorbing spectrum has its 
peak in the ultraviolet spectrum, the wavelengths being 260 nm.  

The UV spectrum of solar length embraces the zones: CUV (190-240 nm), BUV (290-
320 nm) and AUV (320-380 nm). As the ozone layer of stratosphere wholly retains CUV 
radiations and partly BUV, only AUV radiations reach earth surface and, at a lesser extent, 
BUV radiations (RC Mc.KENZIE [3]. When this radiation interacts with the skin, part of it is 
reflected and dispelled at the level of while another is corneous stratum. One part is absorbed 
within epidermis while another is transmitted to dermis. Penetration depth depends on the 
wavelength.  Most of acute actinic and chronic aggression occurs in epidermis and in the 
superficial stratum of dermis. 

Over 80% of RUV is transmitted through the superficial corneous layer of the skin 
causing immediate pigmentation consisting of photo-oxidation of preformed melanin. The 
delayed pigmentation associated with melanogenesis occurs after 72 hours. A double or triple   
increase of DOPA positive melanocytes along with the doubling of melanocytes is noticed at 
this time. At the same time, the transfer of melanosomes from melanocyte to keratinocyte 
intensifies (M CASTELLS, [5]. Apart from the pigmentation effect, UV radiations can also 
cause premature aging of the skin (actinic photosenescence, accompanied by dehydration and 
the decrease in elasticity) the emergence and development of certain tumors: melanomas, 
carcinomas (RC Mc.KENZIE [3]. The most frequent forms of cutaneous carcinoma to appear 
after exposure to UV radiations are the basal cell carcinoma and squamous cell carcinoma (S 
FLORELL, [6]. Actinic keratosis is a precancerous condition caused by exposure to solar 
UVR which can advance towards a cancer of the skin. 

Exposure to ultraviolets increases the 3-metallo-proteinase concentration in dermic 
connective tissue: collagenesis, 92Kd gelatinase and stromelysine. Irradiation causes a 58% 
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increase of type I collagen fibers decay, consisting of disorganization and elastin 
accumulation. In consequence of UV action on skin are produced a series of free radicals and 
lipidic peroxides or their products of decomposition along with lipolytic lysosomal enzymes. 
Phototypes are also differently interested in cutaneous carcinogenesis. The color of the skin is 
determined by the level of melanin within it and by the manner of distribution. 
Consequently, the darker the integument, the more grows the production and distribution of 
melanin retention under conditions in which the number of melanocytes does not change (D 
ASSELINEAU, [7].  
 
Objectives 

 
It is known that solar radiations hold an antirickets therapeutic effect by stimulating 

vitamin D synthesis as well as a relaxing and anti-depressive effect. Subjects undergoing 
extended exposure to UV radiations are susceptible of developing non-melanoma cancers. UV 
radiations have an impact upon morphology and cell functions and intensify the apoptosis 
phenomenon. For subjects undergoing therapy with immunosuppressant agents, 
recommendation is even stricter as they exhibit a 500 times more increased risk of developing 
cancers (RC Mc.KENZIE,[3]. 

Children and adolescents are even more susceptible of carcinogenesis induced by UV 
radiation. 

UV radiations are responsible for premature aging of the skin. The fact must not be 
neglected that substances with filtering action in the composition of cosmetic lotions do not 
preclude the immunosuppressant effect of radiations and have no protective effect against 
developing malignant melanoma. Advertisements for “rejuvenating” the skin are appealing 
but their effect is disappointing: they thicken the skin and render wrinkles less visible, their 
effect varying from imperceptible to moderate. 

Our study aims at growing awareness in subjects exposing to UV radiations in terms 
of duration, indications and contraindications of usage.  

 
Material and Methods 
 

The material used in the study consisted of three batches:  
1. Human integument harvested from patients with basal cell carcinoma (BCC) taken 

over from the oro-facial zone; patients who, by their profession (workers in the maritime 
harbor of Constanta) were exposed daily to ultraviolet radiations (UVR). The investigated 
area was perilesional integument with normal clinical aspect.   

2. For batch two, we have used normal integument taken over from voluntary patients 
who were submitted to complex therapy of progressive general heliotherapy performed by 
cold mud applications in consequence of being exposed to solar light for 15-20 minutes, the 
length of exposure to the sun growing by up to 30-40 minutes daily, down to the end of 
therapy. The number of mud applications per day stays constant. The length of applied 
treatment was 18-24 days. Patients being submitted to treatment for 12 days were selected for 
our investigation. Skin biopsies were processed in keeping with classic histologic techniques 
after which they were colored with hematoxylin and eosin (HE) and trichromic stain.  

Histometric investigations were made by using the Nikon microscope research, E-600 
Sony camera and the computer provided with data acquisition plate and Lucia G. processing 
program. The survey was made on 35 patients under treatment in the Techirghiol Balneal and 
Recuperation Sanatorium. 
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3. Control batch three consisted of five patients who were not given peloid therapy or 
heliotherapy, the patients benefiting by plant extraction baths. Subjects suffering from skin 
afflictions (chronic or acute) were not considered for selection in investigated batches as that 
might have affected microscopic aspects.  

Human anticytokeratin monoclonal antibodies AE1 and AE3 were used to investigate 
cytokeratin. This mixture reacts with hyperproliferative keratinocytes evidencing positive 
marking. Two monoclonal antibodies have been used to differentiate lymphocytes in dermis: 
anti-CD45 to highlight T-lymphocytes and anti-CD20 for B-lymphocytes. Positive reaction is 
translated through localized dense optic masses in cell structures. 

 
Results and Discussions 

 
Exposure to UVR seems benefic accompanied by peloid applications or mud packs. 

Penetration into skin of certain biochemical components of mud depends upon the type of 
integument. Consequently, sebostatic integument exhibits low permeability due to dryness 
and has reduced blood circulation whereas seborrheic integument is fatty and holds high 
blood rate which renders it more permeable (K RESCH, [8]. 

Acid skin pH renders permeability to integument only for cations. pH alterations 
determines skin permeability for anions as well.  

Crystals and salts remaining on the integument in consequence of peloid applications 
constitute salt mantle, which, due to hygroscopic action of NaCl, retains water from 
atmosphere, thus achieving skin osmotic exchanges. 

The results of lymphocytes assessment evidence the existence of a rich inflammatory 
infiltrate with T-cell predominance at the expense of B-cells. This view is supported by other 
surveys as well and suggests that mononuclear infiltrate is the expression of an immediate 
cellular response which is humoral at a lesser extent since ultraviolet radiation causes a 
perturbation of Langerhans cells in the skin and induces T-suppressor lymphocytes (O 
SURDU & al [9]; O SURDU, [10]. T-cell prevalence might be explained as a cofactor in 
developing skin neoplasms. T-lymphocytes were especially detected as irregularly spread out 
aggregates in the stroma (Fig. 1); B-lymphocytes are distributed as micro-aggregates in 
stromal connective tissue (Fig. 2).  

T-lymphocytes take the peripheral position of inflammatory follicles whereas B-
lymphocytes take central position. T and B-lymphocytes and macrophage ratio was to 
lymphocytes’ advantage as against macrophages, which recorded low values. The presence of 
mast cells in the stroma was likewise significant: mast cells carry on the surface countless 
adhesion molecules, receptors of immune response enabling them to react with a multitude of 
specific and non-specific stimuli. 

Their strategic placement in the vicinity of blood vessels, nerves, inflamed tissues 
gives them the advantage of playing a main role within a diversity of physiologic processes or 
immunologic and pathologic (angiogeneses, mitoses, etc.). 

BUV radiation is the most significant initiator of cutaneous neoplasms and it activated 
mast cells (Fig. 4). In consequence of skin irradiation, trans-urocanic acid in epidermis 
isomerizes into cis-urocanic acid, which stimulates neuropeptides release from nervous fibers. 
These neuropeptides trigger, in their turn, histamine secretion in mast cells, leading to 
suppression of cellular immune system (TD TLSTY, [11]. 

Mast cell proteases reorganize stroma in order to facilitate endothelial cell migration. 
Heparin, in its turn, the dominant proteoglycan of mast cells, facilitates metastasis by 
sanguine way.  
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Apart from stromal cells, a large number of epidermic cells participate in cutaneous 
immune processes. 
The presence of periglandular and perifollicular inflammatory infiltrate, in consequence of 
sapropelic mud applications, demonstrates the penetration into the integument (BASILI, [12]; 
V MARIN, 13], by excreting canals of annex glands, of certain biochemical components in 
the mud, inducing the growth of capillary permeability and the development of an 
inflammatory type edema.  

A greater number of blood vessels is detected in the microscopic field with statistic 
significance for all forms of peloid therapy (Table1). The transport of heat by the blood is 
checked by arteriovenous anastomoses and arterioles supplying with blood the venous plexus 
of skin. The morphologic aspect highlighted by tissue samples, the increase in the number of 
open capillaries respectively and neoangiogenesis constitute the morphologic proof of 
circulatory effects triggered by the combined thermopexic qualities of UVR with peloid 
therapy[.  

The increase of melanic pigment evidenced by histometry of keratinocytes and of 
melanocytes represents the morphologic expression of endocrine secretion modulation in 
hypothalamo-hypophyso-suprarenal axis with repercussions in gerontoprophylaxy in 
combating inflammations and pain. 

AUV radiations act as inductors of enzymes responsible for polyamines synthesis 
which heighten cell cycle process, stimulate cell proliferation and skin thickening implicitly. 

BUV radiations can determine entering into action of a cell signaling cascade 
evidenced through NF-KB at keratinocytes level (NF-KB is a nuclear factor of transcription 
associated in cytoplasm with inhibiting protein). 

In consequence of irradiation with BUV, concentration of interleukin 1 (IL 1) grows 
along with tumor necrosis factor (TNF), as well as the concentration of intercellular adhesion 
molecules of keratinocytes (IKAM 1). 

Langerhans cells constitute 2.8% of epidermic cell total (SR FLORELL, [6]. They are 
attached to keratinocytes through special receptors (E-cadherine) and do not make junctions 
with neighboring keratinocytes. Langerhans cells are the epidermic antigen holder; they 
capture, process and display the antigen to T immunocompetent lymphocytes in the dermis. 
They are likewise involved in initiating the immune response in immunoalergic processes of 
contact, by recognizing and capturing small-size allergen molecules with which epidermis 
comes into contact. Exposure to UV radiations results in a decrease of the immune response 
(immunosuppression) with a decrease in defense capacities against infections and tumoral 
development (TD TLSTY, [11]; T NAGANO, [4] . 

Action is exercised both directly and indirectly by means of soluble factors released in 
consequence of keratinocytes lesioning. 

 It is considered that urocanic acid (4-imidazoleacrylic acid) in the corneous layer of 
skin is one of the initiators of immunosuppression processes, associated to the emergence of 
non-melanoma tumors.  

Upon being irradiated with UV, it undergoes an isomerization process (a passage from 
trans position into cis position). 

Langerhans cells submitted to UV irradiation undergo morphologic and functional 
alterations; solar aggression may induce in the skin an immunodepression, translated through 
impairing of receptor expression on lymphocyte surface.  

Solar light holds suppressing effect on the immune system, stimulates release of TNF-
alpha and IL-6 cytokines, the former contributing to cell death (NA BHOWMICK, [14]. 
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Figure 1. General aspect of skin with positive                 Figure 2. Negative immunostaining for B-lymphocytes 
immunostaining for T-lymphocytes 

 
Exposure to UV mixed with peloid applications highlighted, through the 

immunohistochemical survey of lymphocyte population, the increased number of immune 
activity in dermis displayed as an inflammatory infiltrate around the vessels of pilosebaceous 
follicles and sebaceous glands (K RESCH [8]; O SURDU, [10]. 

By using this method, we have established a positive immune marking for T-
lymphocytes in the patients who combined UVR exposure with mud packing. 

A more ample disposition of T-lymphocytes around blood vessels was noticed, around 
sebaceous glands and the hair follicle. The survey of AE1/AE3 cytokeratins evidenced an 
intensely positive immune reaction in the excreting canal of sweat glands. (Fig. 3, table 2) 

Such intense immunomarking may be generated by epithelial cells hyperactivity within the 
structure of sweat glands in consequence of an increase of central temperature (K YADA & al., [15]. 

The increase in the quantity of cytokeratins within the cytoskeleton may be a reaction against 
blocking the excreting canal under mud action (TP CARMELIE, [16]. 

 

 
 

Figure 3. Positive immunostaining for cytokeratins          Figure 4. Positive immunostaining for CD 117 in mast         
in skin subjected to mud bath          cells. Ob x60 
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Table 1. Changes induced by peloid application on certain parameters of thermoregulation and local and 
systemic blood circulation 
Function/Parameter BN (38 °C) ÎN (42-45 °C) ON (16-20 °C) 
Homeothermy Easily maintained Altered Altered 
Thermoregulation Minimally solicited Thermolysis solicited Thermogenesis solicited 
Central temperature May increase with 

0.1-0.2 °C 
Reaches 39°C May decrease 

Skin temperature Slight increase 
(1-2 °C)* 

Rapid increase Decreases 

Internal thermal gradient Unchanged Reversed Slight increase 
External thermal gradient Reversed Strongly reversed Increases 
Caloric shortage Annulled Rapidly annulled Increased 
Peripheral 
thermoregulation 
circulation 

Skin blood flow 
increases by 2-3 
times 

Abruptly mobilized 
in the first 30-40 
seconds from the 
beginning of 
application  

Generalized peripheral 
vasoconstriction 

Systemic circulation Unchanged Significant changes 
of pulse and blood 
pressure 

Compensatory 
vasodilatation in the 
visceral territory with 
blood redistribution 

* The increase takes place only if mud temperature remains constant on the entire duration of therapy, fact that 
does not happen due to spontaneous cooling through evaporation 
 
Table 2. Dermis modifications induced by peloid therapy 
 Superficial dermis Profound dermis 
General aspect Loose disposition, 

increased cellularity: 
-fibroblasts located 
preponderantly under 
basal lamina; 
-macrophages with 
perivascular location; 
-mast cells with 
perivascular and 
perifollicular 
disposition 

Preservation of the aspect of partially ordered 
dense connective tissue 

Blood vessels -increase of number 
and caliber of blood 
vessels; 
-neoformation vessels; 
-inflammatory infiltrate 
situated mainly around 
neoangiogenesis 
vessels 

- increase of blood vessels number and 
caliber; congestion of blood vessels walls; 
-perivascular lymphoplasmocytic infiltrate 
 

Glands No change in dermis 
glandular components; 
periglandular 
inflammatory infiltrate 

No changes 

Pilosebaceous follicles  -perifollicular lymphoplasmocytic infiltrate 
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Conclusions 

Structural alterations in the integument evidenced histologically in combining peloid 
therapy with exposure to UV radiations can be rendered evident through: 

1. A diminution of general thickness of epidermis in consequence of the role played 
by photoprotecting substances existing in biochemical composition of peloid.  

2. A stimulation of apoptotic processes through determining the ratio of nuclear 
area/total epidermic area is highlighted by a reduction of nuclear surface in favor of 
cytoplasm. Keratinocytes apoptosis displays a significant role in regulating epidermis 
development and avoiding carcinogenesis. A diminution is likewise noticed in the thickness 
of basal membrane of epidermis, resulting in the improvement of nutritious intake and 
exchanges with the dermis. 

3. The increase of melanic pigment quantities in keratinocytes and melanocytes. This 
increase mirrors the modulation of neuroendocrine activities of hypothalamo-hypophyso-
suprarenal axis. Melanin interferes in neutralizing free oxygen radicals with a result in 
combating gerontoprophylactic inflammation. 

4. The quantitative increase of “undetermined” cells with immune activity. They are 
cells to present antigen benefic in immune supervision of pathogenies. 

5. Histologic examination of dermis evidenced: 
- an increase of dermic cellularity; 
- the increase of number and caliber of neoformation vessels in response to alterations 

caused by peloid therapy through stimulating thermoregulating function. 
 

References 
 

1. KRICKER A., ARMSTRONG BK., Skin Cancer and ultraviolet, Nature, 368(6472):594, (1994) 
2. VITASA BC, TAYLOR HR, Association of nonmelanoma skin cancer and actinin keratosis with 

cumulative solar ultraviolet exposure, Cancer,  65:2811-2817,(1990) 
3. [Mc.KENZIE R.C., Selenium, ultraviolet radiation and the skin, Clinical and Experimental 

Dermatology, 25:631-635, 2000 
4. NAGANO T., VADA MASATO, ICHIHASHI MASAMITSU, Expression of p 53 protein an early event in 

ultraviolet light-induced cutaneous squamous cell carcinogenesis, Arch. Dermatol., 129:1157-1161, (1993) 
5. CASTELLS M, Mast cells: molecular and cell biology, Int. J. Asthma, , Allergy Immunol, 1: 1-20, (1999) 
6. FLORELL SR., ZONE JJ, Basal cell carcinomas are populated by melanocytes and Langerhan’s cells, 

Am.J.Dermatopthology, 23(1):24-28, (2001) 
7. ASSELINEAU D., BERNARD B.A., Epidermal morphogenesis and induction of the keratin poplypeptid 

by culture o human keratinocytes at the liquid –air interface, Exp.Cell res., 159:536-539, (1985) 
8. RESCH K., FRANKE A., The effect of Spa medicine, 35-th Congress of the International Society of 

Medical Hydrology and Climatology , p.30, (2006) 
9. [SURDU O, Histological study on th skin tissues modifications induced by mud-pack therapy , 35 –th 

congress of the International society of medical Hydrology and Climatology, Istambul, Congres Book, 
p. 96,  (2006) 

10. [SURDU O, Studiul histologic comparativ al actiunii namolului sapropelic de Techirghiol asupra 
tegumentului, Doctoral thesis, (2007) 

11. TLSTY TD, Stromal cells can contribute oncogenic signals , Semin.Cancer Biol., 11:97-104, (2001) 
12. BASILI S., Effects of mud –pack treatment on plasma cytokine soluble adhesion molecule levels in 

healthy volunteers, Cl.Chim. Acta, 314: 209-214, (2001) 
13. MARIN VIORICA, The Techirgiol sapropelic mud- peloidogenesis, chemical composition, 

therapeutical effects, RSBMB intenational meeting, Book of abstracts, Constanta, p.55, (2006) 
14. BHOWMICK NA, MOSES HL., Stromal fibroblasts in cancer initiation and progression, Nature, 

432:332-337, (2004) 
15. YADA K, KASHIMAK, DAA T, YOKOYAMA S, Expression of CD 117 in Basal Cell Carcinoma, 

American Journal of Dermatopathology 26: 463-471, (2004). 
16. CARMELIE TP., JAIN RK, Angiogenesis in cancer and other diseases, Nature, 407: 249-257,(2000). 



<<
  /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


