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FLUORIDE CONSUMPTION: THE EFFECT OF WATER FLUORIDATION
Peter Mansfielda 

Newark on Trent, England, UK.

SUMMARY: Complete fluoride intake data from the 2000-2003 UK National Diet and
Nutrition Survey were used to examine questions outstanding from the Fluoridation
of Water Supplies review process. In a quarter of the population, fluoride
consumption from all sources exceeds the Safe Intake defined by the Committee on
the Medical Aspects of Food Policy, regardless of water fluoride concentration. In
areas supplied with fully fluoridated water, fluoride intake exceeds the recommended
safe maximum in nearly two thirds of consumers. The implications are discussed and
recommendations are made. 
Keywords: Fluoride intake; Safe Intake of fluoride; UK National Diet and Nutrition Survey.

INTRODUCTION

The York University Systematic Review of Water Fluoridation1 identified a need
for information about consumption of fluoride from all sources. During the
consequent Medical Research Council (MRC) Working Party review, the results of
the 2000 National Diet and Nutrition Survey (NDNS)2 were awaited. This periodic
survey of a random sample of people in England and Scotland included for the
first time a 24-hour urine collection in which fluoride concentration was
determined. The MRC working group commented: “Additional recommendations
for future research will depend to some extent on whether results (from the NDNS
urinary fluoride analyses) are in line with existing estimates of total fluoride
intake.”3 The MRC Working Party review panel suggested, whatever the outcome
from the NDNS, that: 

• periodic 24-hour urinary fluoride sampling should remain a feature of at least
some national diet surveys

• fluoride ingestion (from all sources) . . . and fluoride retention should be
measured in children

• the relative importance of water as a source of fluoride ingestion in children
should be determined.

REVIEW METHOD

As a member of both the Advisory Panel to the original systematic review, and
of the MRC Working Group, the present author obtained and re-analysed the raw
data on urinary analytes from the NDNS.3 

An error, implying that all ingested fluoride is excreted in urine so that fluoride
excretion can be taken to be equal to fluoride intake, came to light in the
interpretation of urinary fluoride concentration,4 which The Food Standards
Agency acknowledged and corrected.5 The erratum noted this was incorrect as in
adults only ca. 50% of ingested fluoride is excreted in urine.6 Therefore the
estimate that 1% of men and 3% of women had intakes above 0.05 mg F/kg/day,
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the Safe Intake level set out by the Committee on the Medical Aspects of Food
Policy for the UK, in its 1991 Dietary Reference Values report as amended in
1994, was likely to be too low. Two more recent reports giving higher upper limits
for fluoride intake were also noted in the erratum: in 1997 the US Institute of
Medicine recommended an upper limit of 10 mg F/day for adults and children
aged nine and over,7 and in 2006 the European Food Safety Authority
recommended an upper limit of 0.12 mg F/kg/day for adults and children aged
nine and over, equivalent to an upper limit of 7 mg F/day for a 60-kg adult.8 On a
body weight basis the European report proposed tolerable upper intake levels for
fluoride for children aged 9–14 years of 5 mg F/day and for those aged 15 years
and older of 7 mg F/day. 

The value for the percentage of ingested fluoride that is excreted in urine used in
the erratum of ca. 50% has been used in recalculating the proportion of subjects in
the NDNS who have a fluoride intake exceeding the safe level.6 This figure of
50% is given in a 1993 National Research Council publication, Health Effects of
Ingested Fluoride, where it is noted that “Approximately 75–90% of the fluoride
ingested each day is absorbed from the alimentary tract. Because of its chemical
affinity for calcium compounds, about half of that fluoride becomes associated
with teeth and bones within 24 hours of ingestion. In growing children, even more
of the ingested fluoride is retained because of the large surface area provided by
numerous and loosely organized bone crystallites. The remaining fluoride is
eliminated almost exclusively by the kidneys, and the rate of renal clearance is
directly related to urinary pH. As a result, diet, drugs, metabolism, and other
factors can affect the extent to which fluoride is retained in the body.”9

Tap water fluoride concentration, which had been measured for most of the
NDNS sample, had not been further analysed by Henderson et al.,6 but the original
data were obtained by courtesy of the Chief Dental Officer and merged with the
urine data. The sample populations were compared with the provisional findings
for the 2001 Census, stratified to match the sampling frame of the NDNS. The
consolidated data were then tabulated according to total fluoride consumption and
water fluoride concentration.

RESULTS

Excessive fluoride intake
The NDNS sample of 1725 subjects who completed a food diary was confirmed

not to be significantly different in respect of age and gender from the expected
population reconstructed from the 2001 Census (χ2 11.37 with 7 degrees of
freedom, p>0.1).

Fewer males aged 35–49 had completed diaries than had provided urine
collections, so the two samples were somewhat separate. The 1459 subjects for
whom urine data were complete, and the 1395 for which both urine data and tap
water fluoride were known, both differed very significantly from the interview
sample (χ2 80 with 7 degrees of freedom, p<<0.001). Men up to age 34 were
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under-represented, in favour of those aged 35–49. The difference from census
expectation was less marked (χ2 54) but still highly significant. 

The 1395 subjects providing both urine and tap water samples were no different
from the 1459 providing urine only (χ2 0.197, p>0.995). Because of the way the
samples were identified it was not possible for the author to check the age or
gender of 170 individuals providing tap water but not a urine sample.

A corrected version of Table 4.4 in Volume 3 of the NDNS is given in Table 1,
using the higher NDNS value of Safe Intake (SI) only for direct comparability. The
author disputes this threshold, 3 µM F/kg/day (0.057 mg F/kg/day), for which no
authority is cited and which is 14% higher than the value of 0.05 mg F/kg/day
established by the Committee on the Medical Aspects of Food Policy (CoMA) for
the UK.10

This finding, that the Safe Intake is exceeded by a total of 20.2% (17.9% for
males and 22.0% for females) is an order of magnitude higher than the figures (1%
for males, 3% for females) published in the original NDNS report. But the
proportion of subjects consuming more than the lower, better-established CoMA
definition of Safe Intake was higher still, at 25.1% (Table 2).

Table 1. Proportion of National Diet and Nutrition Survey (NDNS) urine collection subjects 
consuming more than 3 µM F/kg/day (0.057 mg F/kg/day), the Safe Intake (SI) specified in the 

NDNS, if the following conditions, proposed by the author (PM) based on the current 
literature,9,13 apply: 90% of ingested fluoride is assimilated, 50% of that is sequestered in 

calcified tissues, and only the remainder is excreted in the urine

Age/gender group No. ≤ SI (NDNS) No. > SI (NDNS) Total %>SI (NDNS)

Male 19–24 39 4 43 9.3

Male 25–34 114 11 125 8.8

Male 35–49 224 48 272 17.6

Male 50–64 152 52 204 25.5

All males 529 115 644 17.9

Female 19–24 56 5 61 8.2

Female 25–34 136 31 167 18.6

Female 35–49 240 77 317 24.3

Female 50–64 180 60 240 25.0

All females 612 173 785 22.0

Total 1141 288 1429 20.2
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Relevance of water fluoride
Data from 1373 subjects were available for cross-tabulation of tap water fluoride

concentration and daily fluoride consumption. Of these, only 75 lived in fully
fluoridated areas of the West Midlands, with water supplies containing 0.8 parts
per million fluoride (ppm F) or more. Another 38 received water at around 0.4
ppm F, mainly in North Tyneside. The remaining 1260 subjects received tap water
of lower fluoride concentration. 

Table 2 summarises total fluoride intake in the sample ranked according to tap
water F concentration.

At any level of water fluoride above 0.3 ppm the proportion of consumers
receiving more than the CoMA Safe Intake of fluoride rises steeply. The
differences are highly significant (χ2 65 with 2 degrees of freedom, p<<0.001).
The 1260 recipients of lower tap water fluoride concentrations were subdivided
into 0.02 ppm F intervals but showed no trend in relation to their total fluoride
intake.

The data were then ranked in order of total fluoride intake to set water fluoride in
perspective. The results are shown in Table 3.

The steeply rising proportion of higher-consuming subjects receiving fluoridated
water is highly significant (χ2 120 with 8 degrees of freedom, p<<0.001). Almost
all subjects consuming 5 mg F/day or more are ingesting more than either
definition of Safe Intake.

Table 2. Proportion of National Diet and Nutrition Survey (NDNS) urine 
collection subjects consuming more than 0.05 mg F/kg/day, the Safe Intake (SI) 
specified by the Committee on the Medical Aspects of Food Policy for the UK 
(CoMA), if the following conditions, proposed by the author (PM) based on the 
current literature,9,13 apply: 90% of ingested fluoride is assimilated, 50% of that 

is sequestered in calcified tissues, and only the remainder is excreted in the 
urine, with the total fluoride intake in the sample ranked according to tap water 

F concentration

Tap water F 
concentration (ppm)

   No. No. > SI (CoMA)  %> SI (CoMA)

≤0.3 1260 275 21.8

0.3<0.8 38   20 52.6

≥0.8 75   49 65.3

Total 1373 344 25.1
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The steeply rising proportion of higher-consuming subjects receiving fluoridated
water is highly significant (χ2 120 with 8 degrees of freedom, p<<0.001). Almost
all subjects consuming 5 mg F/day or more are ingesting more than either
definition of Safe Intake.

DISCUSSION

Although the figure of 45% has been used for the proportion of the ingested
fluoride which is sequestered in the calcified tissues and which is excreted in the
urine4 (50% of the 90% that is assimilated and not sequestered in the calcified
tissues), in line with the figure used in the erratum of the Food Standards Agency6

and the 1993 review by the National Research Council,9 the percentage is actually
variable among individuals. Largent and Heyroth found, in 1949, that while the
amount of ingested fluoride that was retained is usually between 37% and 48%, a
wide individual variation was present.11 Waldbott found, in 1961, that the
proportion of a 6.8 mg dose of fluoride that was eliminated in the urine within 24
hours varied from 3.6% to 99.5%.12 A recent 2010 review of data for 212 children,
aged less than 7 years, and 283 adults, aged 18–75 years, found the limiting
fractional fluoride retention (FFR) values, assuming an average fluoride
absorption of 90%, to be 0.55 for children and 0.36 for adults, when the total daily
fluoride intake (TDFI) was above 0.5 mg and 2 mg respectively.13 These figures

Table 3. Proportion of National Diet and Nutrition Survey (NDNS) urine collection subjects consuming 
more than 3 µM F/kg,/day (0.057 mg F/kg/day), the Safe Intake (SI) specified in the NDNS, if the following 

conditions, proposed by the author (PM) based on the current literature,9,13 apply: 90% of ingested 
fluoride is assimilated, 50% of that is sequestered in calcified tissues, and only the remainder is excreted 
in the urine, with the data ranked in the order of the total fluoride intake to set the contribution from water 

fluoride in perspective

Daily F intake 
(mg)

No. No. > SI 
(NDNS)

%>SI 
(NDNS)

 F in the water supply (ppm)

0–0.29 ≥0.30 Total % ≥0.30

≥ 10.0     19  19 100.0    11     7    18 38.9

8.0–9.9     28  28 100.0    19     7    26 26.9

6.0–7.9     80  78   97.5     56   19    75 25.3

5.0–5.9     80  70   87.5     63   15    78 19.2

4.0–4.9   117  41   35.0     97   16   113 14.2

3.0–3.9   174  25   14.4   147   22   169 13.0

2.0–2.9   325    1     0.3   300   15   315   4.8

1.0–1.9   376    0     0.0   346   10   356   2.8

<1.0   232    0     0.0   217     2   219   0.9

Total 1431 262   18.3 1256 113 1369   8.3
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correspond to 10% of the ingested fluoride not being absorbed, 55% being retained
by children and 36% being retained by adults, and the percentage of the ingested
fluoride excreted in the urine being 35% for children and 54% for adults.

Because fluoride was only one of several analytes of interest in the urine study, it
seems unlikely that any error from biased selection, due, for example, to interest in
the issue of water fluoridation, would account for the difference between these
subjects and the population at large. It seems most likely that collection of a 24-hr
urine sample raised insuperable difficulties for some subjects who were in full-
time employment, in both the private and public sectors.

These results are in line with a recent Irish study that replicated the NDNS
method in three fully-fluoridated neighbourhoods of County Donegal. Fluoride
consumption for 22 (73%) of the 30 subjects was at or above the NDNS Safe
Intake.14

Various authors have related fluoride exposure to different degrees of
impairment, but recently most refer to Smith and Hodge,15 who were chiefly
concerned with rapid occupational exposures. They noted an asymptomatic stage,
with some radiological signs, at concentrations up to 5500 ppm fluoride in bone
ash. Joint pain and stiffness, with radiological osteosclerosis, were noted at
concentrations around 6000–7000 ppm. More chronic symptoms with ligamentous
calcification supervened between 7500 and 9000 ppm fluoride. Severe disability
began at and above this level.

The rate of exposure required to achieve these accumulated concentrations has
been controversial. Hodge maintained that it would take consumption of 20–80 mg
F/day for 10–20 years to produce crippling skeletal fluorosis. He repeatedly
quoted this figure up to 197916,17 and attributed it to Møller.18 However, in the
same paragraph he acknowledged Roholm’s19 contrasting estimate of 0.2–0.35 mg
F/kg body weight/day. He may have mistakenly equated this to Møller’s figure, by
using weights in pounds (100–229) rather than kilograms (45–100). In 1979 he
eventually adjusted his figure without explanation to 10–25 mg F/day for 10–20
years.20 Later authorities21 have followed Roholm more closely, at 10–20 mg F/
day for 10 years or more. This figure is five times lower than Møller’s 1932 figure.

In view of this body of opinion, the data presented here strongly suggest that the
extent and danger of public exposure to fluoride have been seriously
underestimated. In 14% of this sample, regardless of the level of water fluoride, 5
mg or more of fluoride is consumed daily, and in 1.3% the daily intake of fluoride
is 10 mg or more, which is indisputably sufficient to cause concern. Lesser chronic
exposures are likely to have consequences in proportion. There is no definite level
of exposure below which fluoride accumulation in bone might not eventually
impair bone health during a productive life spanning six decades or more. 

Besides all these considerations, if the chemical mechanism of fluoride toxicity
is related in part to disruption of hydrogen bonding, vague global debility may
well be a further insidious result. This kind of ill health is usually unexplained, and
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seems to be increasing in prevalence. A possible connection with fluoride
accumulation has so far not received serious consideration.

The reaction of the Food Standards Agency, on discovering that their data
implied such high levels of exposure, was to widen the goalposts by quoting
higher levels of Safe Intake maintained in other jurisdictions.7,8 These run as high
as 10 mg per day,7 which would give a therapeutic ratio no higher than 2. Much
higher ratios would be mandatory in regulated pharmaceuticals for medical or
dental prescriptions. These fluoride exposures are therefore out of proportion to
the measures designed to safeguard public health and are out of control and
unmonitored. So low a margin of safety in such circumstances is completely
unacceptable. 

The Safe Intake (SI) specified by the NDNS of 3 µM F/kg/day (0.057 mg F/kg/
day) is 57% of the minimum level of 0.1 mg F/ kg of body weight found by
Akiniwa to be associated with acute fluoride toxicity.22 

The data presented in Table 3 suggest that a daily fluoride consumption of 5 mg
or more is likely to exceed the Safe Intake as defined in the UK by the NDNS.
Table 2 suggests that fluoridating water pushes the majority of consumers into
excessive fluoride intake.

Moreover, data from the 2000 NDNS cannot answer questions about children.
Between age 6 months and six years the Safe Intake of fluoride is considered by
CoMA to be 0.12 mg F/kg/day, and in younger infants 0.22 mg F/kg/day. The
practice of relating fluoride intake to body weight is questionable. In childhood it
complicates more than it clarifies. Small children retain ingested fluoride at a
higher rate than adults, making them more vulnerable to the long-term toxic
effects of over-consumption.13

It is, however, practical to measure urinary fluoride concentration at any age, a
short series of which in any individual will seldom give totally misleading results.

CONCLUSIONS

1. Fluoride exposure from all sources in the UK is an order of magnitude higher
than previously estimated.

2. Fluoridation of a water supply makes most of the population excessive
consumers of fluoride.

3. There is no modern information about what adverse health effects this
excessive fluoride intake may have. A surveillance program should begin urgently
in the West Midlands to relate the total fluoride consumption of individuals to their
health experience 

4. It would be highly desirable to add a test square to detect fluoride
concentration to the strips produced for routine multi-testing of urine samples. The
feasibility of this should be explored with manufacturers.

5. No further water fluoridation schemes should be started until results from No.
3 above are available.



Research report
Fluoride 43(4)223–231
October-December 2010

Water fluoridation and total fluoride intake
Mansfield 230230
ACKNOWLEDGEMENTS

Thanks are due to the staff of Economic and Social Data Service, University of
Essex, and the Chief Dental Officer, Department of Health, for provision of raw
data from Reference 3.

The Food Standards Agency (FSA) have critically reviewed a draft of this paper
and examined the author’s working spreadsheets. No fault was found. The small
size of some of the cells in the tabulations was mentioned. Nonetheless, high
levels of statistical significance are achieved and do not diminish when cells are
combined. The FSA declined to publish the data themselves.

REFERENCES 
1 McDonagh M, Whiting P, Bradley M, Cooper J, Sutton A, Chestnutt I, et al. A systematic

review of water fluoridation. York: NHS Centre for Reviews and Dissemination, University of
York; 2000.

2 Henderson L, Irving K, Gregory J, Bates C J, Prentice A, Perks J, et al. The National Diet
and Nutrition Survey: adults aged 19–64 years. Volume 3: vitamin and mineral intake and
urinary analytes. London: The Stationery Office (TSO); 2003. p. 129-135. 

3 Office for National Statistics, Social and Vital Statistics Division and Food Standards
Agency. National Diet and Nutrition Survey: Adults Aged 19 to 64 Years, 2000-2001
[computer file]. Colchester, Essex: UK Data Archive [distributor]; May 2005. SN: 5140.

4 Mansfield PJ. Fluoride consumption: much higher than we are told. BMJ Rapid Response
5th October 2007 to Cheng KK, Chalmers I, Sheldon TA. Adding fluoride to water supplies.
BMJ 2007; 335: 699 doi: 10.1136/bmj.39318.562951.BE (Published 4 October 2007).

 5 Swan GE. Fluoride intake in the National Diet and Nutrition Study. Brit Med J Rapid
Response 18th October 2007 to Cheng KK, Chalmers I, Sheldon TA. Adding fluoride to
water supplies. BMJ 2007; 335: 699 doi: 10.1136/bmj.39318.562951.BE (Published 4
October 2007). 

6 Food Standards Agency. Erratum by the Food Standards Agency to Fluoride intake,
Chapter 4, section 4.5, page 129, in: The National Diet and Nutrition Survey: adults aged
19–64 years. Volume 3: vitamin and mineral intake and urinary analytes. Henderson L,
Irving K, Gregory J, Bates CJ, Prentice A, Perks J, Swan G, Farron M. London: TSO; 2003.
Published October 2007. Available from: http://www.food.gov.uk/multimedia/pdfs/
erratumfluoride.pdf.

7 Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, Food and
Nutrition Board, US Institute of Medicine. Dietary reference intakes for calcium,
phosphorus, magnesium, vitamin D and fluoride. Washington, DC: National Academies
Press; 1997. The dietary reference intakes for the elements, including those for fluoride
based on the 1997 report, are available from: http://www.iom.edu/~/media/Files/
Activity%20Files/Nutrition/DRIs/DRI_Elements.pdf. The full report, 2010 edition, is available
for reading or purchase from: http://www.iom.edu/Reports/1997/Dietary-Reference-Intakes-
for-Calcium-Phosphorus-Magnesium-Vitamin-D-and-Fluoride.aspx

8 Scientific Committee on Food; Scientific Panel on Dietetic Products, Nutrition and Allergies;
European Food Safety Authority. Tolerable upper intake levels for vitamins and minerals.
European Food Safety Authority; 2006. Available from: http://www.efsa.europa.eu/EFSA/
Scientific_Document/upper_level_opinions_full-part33.pdf.

9 Subcommittee on Health Effects of Ingested Fluoride, Committee on Toxicology, Board on
Environmental Studies and Toxicology, Commission on Life Sciences, National Research
Council. Health effects of ingested fluoride. Washington, DC: National Academy Press;
1993. p. 3-4. 

10 Department of Health. Report on Health and Social Subjects No 41: dietary reference
values for food, energy and nutrients for the United Kingdom. 8th Impression. London:
HMSO; 1996. p. 189. 



Research report
Fluoride 43(4)223–231
October-December 2010

Water fluoridation and total fluoride intake
Mansfield 231231
11 Largent EJ, Heyroth FF. The absorption and excretion of fluorides. III. Further observations
on metabolism of fluorides at high levels of intake. J Ind Hyg Toxicol 1949;31:134-8. 

12 Waldbott GL. Comments on the symposium “The physiologic and hygienic aspects of the
absorption of inorganic fluorides.” Arch Environ Health 1961;2:155-67.

13 Villa A, Anabalon M, Zohouri V, Maguire A, Franco AM, A. Rugg-Gunn A. Relationships
between fluoride intake, urinary fluoride excretion and fluoride retention in children and
adults: an analysis of available data. Caries Res 2010;44(1):60-8. (DOI: 10.1159/
000279325). 

14 Personal communication.
15 Smith FA, Hodge HC. Airborne fluorides and man. Crit Rev Environ Control 1979; 9: 1-25
16 Hodge HC. Personal testimony and submission on behalf of National Research Council

(US), Division of Biology and Agriculture publication number 294. Hearing: Fluoridation of
Water: Hearings before the Committee on Interstate and Foreign Commerce of the House
of Representatives, 83rd Cong. 2nd Session. (May 25,1954). p. 471, 475.

17 Hodge HC, Smith FA. Occupational fluoride exposure. J Occup Med 1977;19:12-39.
18 Møller PF, Gudjonsson SV. Massive fluorosis of bones and ligaments. Acta Radiol

1932;13:269-94.
19 Roholm K. Fluorine intoxication: a clinical-hygienic study with a review of the literature and

some experimental investigations. London: H.K.Lewis & Co. Ltd; 1937. p. 281-282, 319.
20 Hodge HC. The safety of fluoride tablets or drops. In: Johansen E, Taves DR, Olsen T,

editors. Continuing evaluation of the uses of fluoride. AAAS selected symposia series No.
11. Boulder, CO: Westview Press; 1979. p. 255.

21 Whitford GM. The metabolism and toxicity of fluoride. 2nd ed. Basel: Karger; 1996. p. 138.
22 Akiniwa K. Re-examination of acute toxicity of fluorine [review]. Fluoride 1997;30(2):89-104. 

Copyright © 2010 The International Society for Fluoride Research Inc.   
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.   


	SUMMARY: Complete fluoride intake data from the 2000-2003 UK National Diet and Nutrition Survey were used to examine questions outstanding from the Fluoridation of Water Supplies review process. In a quarter of the population, fluoride consum...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


