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The Erosive Potential of Soft Drinks 
on Enamel Surface Substrate: An In Vitro 

Scanning Electron Microscopy Investigation

Aim:  Using scanning electron and light microscopy, this study qualitatively evaluated the erosive potential of
carbonated cola beverages as well as sports and high-energy drinks on enamel surface substrate.

Methods and Materials:  Beverages used in this study included: Coca Cola Classic®, Diet Coke®, Gatorade®

sports drink, Red Bull® high-energy drink, and tap water (control). Extracted human permanent molars free of 
hypocalcification and/or caries were used in this study. The coronal portion of each tooth was removed and 
sectioned longitudinally from the buccal to the lingual surface. The crown sections were embedded in acrylic 
resin, leaving the enamel surfaces exposed. Following finishing and polishing of all surfaces, one side was
covered with red nail varnish while the remaining side was exposed to individual beverage immersion for 14 
days, 24 hours per day, at 37°C. The specimens were evaluated for enamel surface changes using scanning 
electron and light microscopy.

Results:  Enamel specimens exhibited visual surface changes following immersion in the test beverages with 
Red Bull® and Gatorade® revealing the most striking surface morphological changes. Specimens subjected to
Coca Cola Classic® and Diet Coke® immersion also displayed irregular post-treatment surface morphology.

Conclusions:  As verified by microscopic evaluation, all test beverages displayed enamel dissolution in the 
following order: Red Bull®>Gatorade®>Coca-Cola Classic®>Diet Coke®.
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Introduction
Non-carious loss of dental hard tissues can 
be attributed to different etiologies including 
diagnoses of attrition, abrasion, abfraction,
erosion, and/or etiologies that are multifactoral 
in origin.1 Attrition is the loss of tooth structure 
from shearing motions or eccentric forces while
in occlusion.2 Abrasion is caused by mechanical 
wear from improper brushing habits or abrasive
dentifrices.2 Abfraction, as theorized, is a 
regressive process due to occlusal loading, i.e.,
tensile and compressive forces from eccentric
movements with flexure, fatigue, deformation, 
and microfracture of the tooth structure.3 Erosion
is chemical dissolution of the surface of dental 
hard tissues by acids without the involvement of
microorganisms.4

Causative factors for tooth erosion are divided 
into extrinsic and intrinsic categories. Intrinsic 
erosion occurs from involuntary gastrointestinal
disturbances such as gastroesophageal reflux 
disease (GERD) and from voluntary regurgitation
of gastric acids exhibited by anorexic and/
or bulimic individuals.5,6 Extrinsic tooth 
erosion causes include environmental factors,
medicaments, lifestyle, and diet.5,6

Dental tooth loss or “toothwear”7 can also include
multifactoral etiologies. Abrasion can occur
more easily in the presence of a tooth surface 
subjected to the erosive process.8 A differential 
diagnosis discriminating between two or more
causes can be problematic in adult patients.
However, the predominant cause of tooth loss is 
usually erosion in children or adolescents.9

Several studies10-18 have examined a possible
association between dental erosion and the 
consumption of soft drinks, i.e., carbonated 
cola beverages and citrus-based fruit drinks. 
There has also been increased interest in 
the dental effects of soft drink beverages due
to the escalating (an increase of 56%, rising 

approximately 2–3% per year) consumption by
children and adolescents over the last decade.19

In 2000, the consumption of soft drinks including 
carbonated cola beverages, sports drinks, and 
fruit juices in the United States increased by
500% over the past 50 years.20 The U.S. market 
alone includes 450 different soft drinks, with
a total retail sale over $60 billion annually.21

Americans consume over 50 gallons per person
per year, surpassing all other beverages including 
coffee, milk, alcohol (beer), and bottled water.20

The largest increase in soft drink consumption 
has occurred among children and adolescents.
Forty percent of pre-school children drink more 
than 250 ml (8.0 ounces) of soft drinks per day,
while among 12 to19-year-old males consumption 
was 28 ounces per day, and among 12 to
19-year-old females the rate of intake was 21
ounces per day.22,23

Sports drink consumption has also dramatically 
increased with over $1.5 billion in sales a year.23

Although research is incomplete, results from
studies24-26 evaluating these beverages have 
shown the destructive effect they have on enamel 
is even greater than cola-based carbonated
beverages.
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a Jenco 3601™ (Jenco Instruments Inc., San
Diego, CA, USA) analyzer. The electrode was
calibrated immediately prior to measurements 
using standard buffers of pH 4.0 and 7.0.

Experimental Design
Extracted human permanent molars free of 
hypocalcification and caries were carefully
cleaned of calculus and other debris and stored in 
a 1% chloramine-T solution (Fisher Chemical, Fair 
Lawn, NJ, USA) consisting of 12% active chlorine
diluted in distilled water. This solution was used 
for infection control purposes prior to the study.
The teeth were then randomly divided into
beverage groups for preparation and analysis.

Enamel specimens were prepared by sectioning 
the crowns from the root surfaces using a 
diamond bur in a high-speed handpiece with an

The purpose of this study was to evaluate 
the surface morphology of enamel specimens 
subjected to carbonated cola beverages, sports
and high-energy drinks, through qualitative 
analysis using scanning electron and light
microscopy.

Methods and Materials
Four test beverages were selected for the study
based upon current drinking trends of adolescents
in the United States. These beverages included:
Coca-Cola Classic®, Diet Coke®, Gatorade® sports
drink, and Red Bull® high-energy drink. Tap water
was used as a control. The pH and titratable 
acidity (TA) of each beverage was also measured 
(Table 1).

Measurement of the pH of each beverage was 
performed using a pH electrode connected to

Table 1. Beverage Characteristics.
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40x magnification revealed exposed enamel 
surfaces following immersion in Coca-Cola
Classic (Figure 2) and Diet Coke (Figure 3).

The specimens immersed in Coca-Cola Classic®

showed a more uniformly roughened tooth
surface compared to the Diet Coke® surface. A 
dark residue was also examined on the Coca-
Cola Classic® exposed surface. The specimens
immersed in Gatorade® and Red Bull® (Figures 4 
and 5) revealed extensive enamel dissolution with 
an exposed dentin substrate, as opposed to the
carbonated cola beverage exposed surfaces that 
showed irregular, roughened, “wavy” patterns in 
enamel only.

air-water spray. The crowns were sectioned from 
the buccal to lingual surface using a Buehler
Isomet™ low-speed diamond saw (Buehler
Int., Evanston, IL, USA) cooled with water. The
enamel sections were then embedded in acrylic 
resin in molds with the outer enamel surface
exposed. The enamel surfaces were ground using 
600 to 2000 grit abrasive paper and polished
with diamond paste. Half of the exposed enamel
surface was coated with acrylic nail varnish while
the remaining surface was left exposed to each
beverage tested (Figure 1).

The enamel specimens were stored in opaque
plastic containers of each beverage at 37°C for
a total of 14 days. The beverages were changed
daily. The testing period was a protocol adopted 
from a study by von Fraunhofer and Rogers10

for dissolution of enamel in beverage solutions.
This protocol was based upon an average daily
consumption of 24 ounces (two 12 ounce cans) 
of soft drink and a residence time in the mouth
of 20 seconds (before salivary clearance). This
results in an annual exposure of enamel to soft 
drinks of approximately 90,000 seconds (25
hours) per year. The test period of 350 hours 
used in the study is comparable to 14 years of
normal beverage consumption, a reasonable time
period for evaluating the erosion of enamel in 
adolescents and young adults.

Qualitative Analysis
Qualitative analysis, examining each enamel
specimen, was accomplished by a Meiji™
(Meiji-Labax Co., Tokyo, Japan) binocular light 
stereo-microscope (20x and 40x) and a scanning 
electron microscopy (JEOL 5510™, JEOL Ltd.,
Tokyo, Japan) at the conclusion of the 14 day test 
period. Digital images of the enamel specimens 
were produced using a Digital Camera for
Microscope™ (Hangzhou Scopetek Optp-Electric 
Co., Ltd., Hangzhou, China). Image retrieval 
was accomplished by downloading using DirectX 
9.0™ (Microsoft Corp., Redmond, WA, USA) and 
Minisee™ (Hangzhou Scopetek Optp-Electric
Co., Ltd., Hangzhou, China) software.

Results
The results of this study showed the effects 
of different soft drink beverages on enamel 
surface substrate through qualitative microscopic
evaluation. Light microscopic images at 20x and

Figure 1. Representative enamel specimen embedded 
in white acrylic resin. Note one side of specimen is 
covered with a coating of red nail varnish.

Figure 2. Photograph of specimen following immersion 
in Coca-Cola Classic at 20x magnification.
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This result was unexpected, and viewing from a 
greater magnification (100x) showed the damage
rendered (potentially) to healthy enamel substrate
simply by soft toothbrush bristles. Figures 8A 
and B show exposed enamel surfaces following
immersion in Diet Coke®.

The Gatorade® specimen in Figure 9A shows
a remarkable difference between exposed and
unexposed tooth surfaces. There is extensive
dissolution on the unprotected enamel surface
revealing dentin surface substrate. Residue
particles are also visible on the exposed side of
the enamel specimen.

Figures 9B and 9C offer a closer view (100x and
250x magnification) of the Gatorade® specimen.

Also, Gatorade® and Red Bull® immersion 
imparted a dull white, chalky appearance to the 
enamel surfaces, while the surfaces exposed to 
the cola beverages revealed a somewhat “shiny”
appearance. The enamel specimen immersed
in tap water (control) showed no differences
between the exposed and unexposed surfaces
(Figure 6).

Scanning electron microscopy revealed images
of the post-immersed enamel specimen surfaces.
Figures 7A and B reveal the “wavy”, roughened 
appearance from the Coca-Cola Classic® exposed 
surfaces with Figure 7C revealing an unexposed, 
uneffected enamel surface. The striations noted 
on this surface were produced from toothbrush 
marks during removal of the nail varnish residue. 

Figure 3. Photograph of post-immersion specimen (Diet 
Coke) at 20x magnification.

Figure 5. Photograph of specimen (20x) revealing post-
immersion surface from Red Bull® with almost totally 
denuded enamel substrate down to the dentin surface.

Figure 4. Photograph of specimen (20x) following 
immersion in Gatorade. Note white, chalky enamel 
substrate with area of dentin visible.

Figure 6. Photograph (20x) showing enamel surfaces 
before and after immersion in tap water, with no visible 
differences displayed.
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Figure 7A. SEM photograph 25x magnification 
revealing both surfaces (exposed vs. unexposed) 
following immersion in Coca-Cola Classic®.

Figure 7C. SEM photograph of unexposed surfaces 
(Coca-Cola Classic). Note striations (toothbrush marks) 
on the exposed surface.

Figure 8B. SEM photograph (100x) of exposed surface 
following emersion in Diet Coke.

Figure 7B. SEM photograph (100x) of exposed enamel 
surface. Note “wavy” enamel surface characteristic.

Figure 8A. SEM photograph (25x) showing both 
surfaces following immersion in Diet Coke.

Figure 9A. SEM photograph (50x) revealing both 
surfaces following immersion in Gatorade®. Note 
enamel erosion to dentin substrate.
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and the TA or buffering capacity. Beverages 
with lower pH values generally have greater 
erosive effects on tooth structure; however, a 
measurement of the TA level is a more accurate
method for detecting the erosive potential in a
given beverage.27-30 The pH is a measure of the 
hydrogen ion concentration, while TA is the total 
number of acid molecules and determines the 
actual hydrogen ion availability for interaction 
with the tooth surface.31 The greater the buffering 
capacity, the longer time it will take for saliva to
restore the pH value (salivary clearance).32

Carbonated cola beverages, sports and high-
energy drinks have been reported to have a 
low pH and a high buffering capacity. They are 
sweetened with highly refined carbohydrates
and contain additional additives which together 
with sugar substitutes can contribute to enamel

With extreme enamel dissolution visible, an
abrupt ledge was noted between unexposed
and exposed surfaces. Surface cracks and 
a residue coating were also visible. Drastic 
enamel dissolution from immersion in the Red
Bull® high-energy drink with remaining surface
residue particles were also distinguishable at 
progressively higher magnifications (Figures 10A 
through D).

A specimen immersed in tap water had minimal 
or no visible differences between the exposed/
unexposed surfaces except for toothbrush
striations (Figures 11 A and B).

Discussion

Visual Results
The visual results reported in this study indicate 
carbonated cola beverages, sports and high-
energy drinks cause changes in enamel surface
morphology. These results could be extrapolated
to a clinical diagnosis of dental erosion. The 
findings in this study are in agreement with other
in vitro studieso 10-18 in which enamel dissolution
from different soft drinks, especially carbonated 
cola beverages, were reported. Research by
von Fraunhofer et al.26 has indicated sports and
high-energy drinks or beverages containing 
higher concentrations of citric acid are even more 
aggressive in this regard.

Acid Content of Beverages
In general, two methods to quantify the acid 
content of a beverage are the pH or initial acidity

Figures 9B-C. SEM photographs (100x/250x) showing progressively higher magnifications of both exposed/
unexposed (Gatorade®) enamel surfaces.
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Figure 10A. SEM photograph (100x) showing 
exposed and unexposed surfaces following immersion 
in Red Bull®.

Figure 10C. SEM photograph (100x) of exposed 
dentin surface.

Figures 11A-B. SEM photographs (25x/1000x) of specimen following immersion in tap water. No surfaces changes 
are visible; however, surface striations are remarkable at 1000x magnification.

Figure 10B. SEM photograph (250x) showing exposed 
and unexposed enamel surfaces.

Figure 10D. SEM photograph (500x) of exposed 
dentin surface.
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to irreversibly chelate (bind) calcium at higher pH
values with the net effect of an accelerated loss
of calcium from tooth structure, thus, maintaining
the pH of the beverage below the threshold level 
(pH of 5.5) for erosion of enamel to occur.38,41 Red 
Bull® contains sodium citrate (sodium salt of citric
acid), a buffering agent which can possibly aid in 
maintaining the pH levels in soft drinks. Citrates 
can also bind to calcium, promoting increased
titratable acidity levels.

Since consumption of these soft drinks includes 
younger age groups, a great deal of attention has 
been focused on the susceptibility of permanent 
teeth to erosion and the intake of soft drinks.
Immature teeth are porous and are more easily 
dissolved by acids until “conditioned” from 
continual exposure to salivary ions, causing
enamel to become harder and less penetrable to
acid assault.33,42

The study protocol attempted to realistically 
simulate an adolescent-to-young adulthood 
experience of beverage consumption by
immersing the specimens in the beverages 
studied for a realistic period of time. This clinical 
model probably provided a worst-case scenario 
but could extrapolate to possible clinical findings
of a direct relationship of time (several years) 
and enamel destruction from beverage exposure.
Furthermore, this study only considered chemical
erosion, possibly understating possible concurrent
tooth wear from other etiologic sources such as
abrasion and attrition.

Conclusion
All beverages (Coca-Cola®, Diet Coke®, 
Gatorade®, and Red Bull®) tested showed varying 
amounts of enamel dissolution as verified by light 
microscope and SEM. The degree of enamel
dissolution was recorded from greatest-to-least
listed as: Red Bull®>Gatorade®>Coca-Cola
Classic®>Diet Coke®. Although the experimental 
model was severe, results could be extrapolated 
to a clinical diagnosis of dental erosion.

surface dissolution.10-18,27,33 Other factors involved
with enamel surface dissolution and clinical
erosion include the type, concentration, and
amount of acid; chelating properties of the
beverage ingredients; exposure frequency; 
duration of the exposure and temperature.32,34-40

The results from the present study indicate
beverage pH, TA, composition, exposure period,
and possibly temperature (although immersion 
in different beverage temperatures were not
conducted in the present study) were causative 
factors regarding enamel surface dissolution.
Although the pH of the carbonated cola
beverages (Coca-Cola Classic® and Diet Coke®) 
was lower than the Gatorade® and Red Bull®

drinks, the dissolution patterns of the exposed 
enamel surfaces (carbonated beverages) was not 
as severe as compared to the other beverages.
Carbonated beverages start with a lower pH
but do not require as much titration as non-
carbonated, fruit-based drinks containing multiple 
refined carbohydrates.14

The Red Bull® and Gatorade® drinks showed
the greatest degree of enamel surface 
dissolution. Possible explanations for the higher 
degree of enamel dissolution as evidenced 
by Gatorade® and Red Bull® is the addition of
high concentrations of refined carbohydrates 
(sucrose and glucose) by the manufacturer which 
promotes greater degrees of acid production and,
in turn, higher buffering capacities. In addition, 
beverages containing citric acids have the ability



10
The Journal of Contemporary Dental Practice, Volume 8, No. 7, November 1, 2007

References
1. Dugmore CR, Rock WP. A multifactorial analysis of factors associated with dental erosion. Br Dent 

J. 2004;196(5):283-286.
2. Eccles JD. Tooth surface loss from abrasion, attrition, and erosion. Dent Update. 1982;Aug:373-381.
3. Grippo JO, Simring M, Schreiner S. Attrition, abrasion, corrosion and abfraction revisited: A new

perspective on tooth surface resins. J Am Dent Assoc. 2004;135:1109-18.
4. Zipkin I, McClure FJ. Salivary citrate and dental erosion. J Dent Res. 1949;28:613-26.
5. Gandara BK, Truelove EL. Diagnosis and management of dental erosion. J Cont Dent Prac.

1999;1(1):1-17.
6. Shipley S, Taylor K, Mitchell W. Identifying causes of dental erosion. Gen Dent. 2005;Jan-

Feb:73-75.
7. Smith BGN, Robb ND. The prevalence of toothwear in 1007 dental patients. J Oral Rehab.

1996;23:232-239.
8. Davis WB, Winter PJ. The effect of abrasion on enamel and dentine after exposure to dietary acid. 

Br Dent J. 1980;148:253-256.
9. Millward A, Shaw L, Smith A. Dental erosion in 4-year-old children from differing socio-economic

backgrounds. J Dent Child. 1994;July-Aug:263-266.
10. von Fraunhofer JA, Rogers MW. Dissolution of dental enamel in soft drinks. Gen Dent.

2004;29(4):308-312.
11. Moazzez R, Smith BGN, Bartlett DW. Oral pH and drinking habit during ingestion of a carbonated

drink in a group of adolescents with dental erosion. J Dent. 2000;28:395-397.
12. Eygen IV, Vannet BV, Wehrbein H. Influence of a soft drink with low pH on enamel surfaces: An in 

vitro study. Am J Orthod Dentofacial Orthop. 2005;128:372-7.
13. Jensdottir T, Holbrook P, Nauntofte B, Buchwald C, Bardow A. Immediate erosive potential of cola

drinks and orange juices. J Dent Res. 2006;85(3):226-230.
14. Wongkhantee S, Patanapiradej V, Maneenut C, Tantbirojn D. Effect of acidic food and drinks on 

surface hardness of enamel, dentine, and tooth-coloured filling materials. J Dent. 2006;34:214-220.
15. Jensdottir T, Bardow A, Holbrook P. Properties and modification of soft drinks in relation to their

erosive potential in vitro. J Dent. 2005;33:569-575.
16. Grobler SR, Senekal PJC, Laubscher JA. In vitro demineralization of enamel by orange juice, apple 

juice, Pepsi cola and Diet Pepsi cola. Clinic Prev Dent. 1990;12(5):5-9.
17. Larsen MJ, Nyvad B. Enamel erosion by some soft drinks and orange juices relative to their pH, 

buffering effect and contents of calcium phosphate. Caries Res. 1999;33:81-7.
18. Hughes JA, West NX, Parker DM, Van der Braak MH, Addy M. Effects of pH and concentration of

citric, malic and lactic acids on enamel, in vitro. J Dent. 2000;28:147-52.
19. West NX, Hughes JA, Addy M. Erosion of dentin and enamel in vitro by dietary acids: The effect of

temperature, acid character, concentration and exposure time. J Oral Rehabil. 27:875-880, 2000.
20. Putram JJ, Allshouse JE. Food consumption, prices, and expenditures, 1970-97. Washington, 

DC: Food and consumers Economics Division, Economics Research Services, US Department of 
Agriculture; 1999.

21. Association NSD. http://www.nsda.org/softdrinks/history/funfacts.html; 2001.
22. Harrack L, Stay J, Story M. Soft drink consumption among U.S. children and adolescents: Nutritional 

consequences. J Am Diet Assoc. 99:436-441, 1999.
23. Jacobsen MF. Liquid candy – How soft drinks are harming Americans’ health.
24. Coombes JS. Sports drinks and dental erosion. Am J Dent. 18:101-104, 2005.
25. Milosevic A. Sports drinks hazard to teeth. Br J Sports Med. 1997;31(28):28-30.
26. von Fraunhofer J, Barnes A, Barnes D. Enamel Dissolution in citric acid-containing beverages. 

J Dent Res. (Abstract), 2006.
27. Edwards M, Creanor SL, Foye RH, Gilmour WH. Buffering capacities of soft drinks: the potential

influence on dental erosion. J Oral Rehabil. 26:923-927, 1999.
28. Grobler SR, Jenkins GN, Kotze D. The effects of the composition and method of drinking of soft

drinks on plaque pH. Br Dent J. 1985;158:293.



11
The Journal of Contemporary Dental Practice, Volume 8, No. 7, November 1, 2007

29. Grenby TH, Phillips A, Desai T, Mistry M. Laboratory studies of the dental properties of soft drinks.
Br J Nutr. 1989;62:451-64.

30. Cairns AM, Watson M, Creanor SL, Foye RH. The pH and titratable acidity of a range of diluting 
drinks and their potential effect on dental erosion. J J Dent. 2002;30:313-17.

31. Boulton R. The relationships between total acidity, titratable acidity and pH in wine. Am J Enol Vitic 
1980;31(1):76-80.

32. Lussi A. Dental erosion. Clinical diagnosis and case history taking. Eur J Oral Sci. 1996;104:191-8.
33. Margolis HC, Moreno EC, Murphy BJ. Effect of low levels of fluoride in solution on enamel

demineralization in vitro. J Dent Res. 1986;65:23-9.
34. Zero DT. Etiology of dental erosion- extrinsic factors. European J Oral Sci. 104:162-177, 1996.
35. Tahmassebi JF, Duggal MS, Malik-Kotru G, Curzon MEJ. Soft drinks and dental health: A review of

the current literature. J Dent. 34(1):2-11, 2006.
36. Lussi A, Jaggi T, Scharer S. The influence of different factors on the in vitro enamel erosion. Caries

Res. 27:387-393, 1993.
37. Lussi A, Jaeggi T. Chemical factors. In Dental Erosion: From Diagnosis to Therapy.
38. Jarvinen VK, Rytomaa II, Heinonen OP. Risk factors in dental erosion. J Dent Res.

1991;70(6):942-947.
39. Meuraman JH, ten Cate JM. Pathogenesis and modifying factors of dental erosion. Eur J Oral Sci.

1996;104:199-206.
40. Amaechi BT, Higham SM, Edgar WM. Factors influencing the development of dental erosion in vitro: 

enamel type, temperature and exposure time. J Oral Rehabil. 26:624-630, 1999.
41. Williams N, Covington, JS. Methamphetamine and Meth Mouth: an Overview. J TN Dent Assoc. 

2006;86(4):32-35.
42. Weatherall JA, Robinson C, Ralph JP, Best JS. Migration of fluoride in the mouth. Caries Res.

1984;18:348-53.

About the Authors



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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 <<
    /ENU ([Based on '[High Quality Print]'] 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.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


