The Safety Factor in

Preservative Efficacy Testing

queous consumer products in multiple-use containers

need a preservative system to prevent microbial con-
tamination during manufacturing and consumer use, and to
comply with governmental regulations. Preservative efficacy
testing is performed to determine the type and minimum
effective concentration of preservative(s) required for satis-
factory preservation of these products.’

In its Cosmetics Handbook under “Adequacy of Preserva-
tion,”the FDA recommends that:(a) each batch of a cosmetic
which is not self-preserving be tested for microbial contami-
nation before it is released for interstate shipment; and (b)
each cosmetic, particularly each eye area cosmetic,be tested
during product development for adequacy of preservation
against microbial contamination that may occur under rea-
sonably foreseeable conditions of consumer use.>

The European Union’s Cosmetic Directive states that all
cosmetics must have in their product information package
(“dossier”) the microbiological specifications of the raw
materials and the finished product; the dossier must also
disclose the purity and the microbiological control criteria
of the cosmetic product.?

Preservative efficacy test methods include the follow-
ing:

e Compendial methods, such as the United States Phar-
macopoeia (USP) and European Pharmacopoeia (EP)
methods;

e Trade association methods, such as the Cosmetic, Toi-
letry, and Fragrance Association (CTFA) method;and

e Rapid methods, such as the linear regression method.

Several articles have discussed similarities and differences
in these test methods.Orth,Delgadillo and Dumatol® reported
that the slower rates of death allowed by both the USP and
CTFA methods may be too lenient.

It is believed that reliance on lenient acceptance criteria
may result in products that are inadequately preserved.This
can result in sporadic contamination problems and tends to
make cosmetic microbiology seem perplexing and governed
by factors that we are unable to control Actually,products that
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are well preserved kill microorganisms
quickly and meet USP and CTFA criteria.
Products that are marginally preserved
may still meet USP and CTFA criteria,
but they may kill Gram negative bacteria
so slowly that these bacteria are able to
adapt,survive and/or grow.*>This results
in product contamination.

Preservative efficacy testing is part of
the safety testing of a product.Although
aqueous cosmetics and drugs in mul-
tiple-use containers are not intended
to be sterile, as they are not applied to
sterile surfaces, adequately preserved
products have a preservative system that
renders them self-sterilizing.Such prod-
ucts kill contaminating bacteria quickly
enough so that they do not become a
health hazard or undergo unacceptable
physical changes (color, odor, viscosity,
pH, and other factors).

Toxicologists often apply a safety
factor,which may be 10-fold or 100-fold
greater than toxicity test endpoints
observed in animal studies or in vitro
test models when extrapolating the
data to humans. Although preservative
efficacy testing is performed to deter-
mine whether the product preservative
system can kill microorganisms fast
enough to pass test criteria, there is
little published information on how to
determine whether a preservative sys-
tem has a satisfactory margin of safety
to insure adequate preservation. The
goal of this work was to determine the
risk factor for bacteria provided by the
acceptance criteria of current methods
of preservative efficacy testing and to
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Abstract

The authors explain
how preservative
efficacy testing is

done to determine
whether a formula is
adequately preserved.
Product contamination
problems are frequently
caused by inadequate
preservation.
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Figure 1. Comparison of slowest rates of death allowed
by the USP, EP, CTFA and linear regression metbhods

of preservative efficacy testing. The region where
preservative systems may fail (shaded area) shows
where the formula risk factor is >1 because the rates of
deatb of bacteria are 230 b.

use this factor to determine the pres-
ervation safety factor for cosmetic and
drug products.

Acceptance Criteria of Test Methods

USP method: The USP acceptance
criteria for topical aqueous products is
“notless than 2.0log reduction from the
initial count at 14 days,and no increase
from the 14 days’ count at 28 days.”®

Although a product that kills micro-
organisms quickly (e.g., complete kill
of 10° cfu/g within 24 h) passes USP
acceptance criteria, the criteria also
allow slow killing. Thus, a 2-log (99%)
reduction of bacteria by 14 days actually
means that the number of viable bacteria
decreases from the initial level of about
10° cfu/g to 10* cfu/g living organisms
at 14 days (and thereafter).

Itis evident that these criteria do not
require complete kill of the test organ-
ismsin 28 days,and it is possible that the
survivors will be able to adapt and grow
if given the right circumstances.

EPmethod:The acceptance criteria
for topical products using the EP method
is a 2-log reduction of bacteria in 48 h
and a 3-log reduction by 7 days, with
no increase afterwards.” This method
does not require killing all the bacteria
during the 28 day test.

CTFA metbod: The acceptance
criteria of the CTFA method states that
there should be greater than 99.9% (3-
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log) reduction of vegetative bacteria within 7 days following
each challenge and continued reduction for the duration of
the [28 day] test.® This actually means that the number of
viable bacteria decreases from the initial level of about 10°
cfu/g to <10° cfu/g living organisms at 7 days (and thereaf-
ter).Although more stringent than the USP criteria,the CTFA
method does not require killing all the bacteria during the
28 day test.

Linear regression method:The rate of inactivation of
test organisms in the linear regression method is given by the
decimal reduction time (D-value), which is the time required
for killing 90% (1-log) of the population of test organisms.

The D-value is calculated by taking the negative recipro-
cal of the slope of the survival curve, plotted using the log
number of surviving microorganisms as a function of the
time at which samples were taken, for each test organism.
Smaller D-values indicate faster rates of death, and larger D-
values indicate slower rates of death.

The target acceptance criteria are a D-value <4 h [a >6-log
reduction in 24 h] for pathogens;a D-value of <28 h [a >6-log
reduction in 7days] for nonpathogenic vegetative bacteria,
yeasts and molds;and bacteriostatic or bactericidal for Bacil-
lus spp. spores.” Adequacy of preservation is indicated by
complete kill of at least 10° cfu/g pathogens in 24 h,and at
least 10° cfu/g nonpathogens by 7 days.

Comparison of Test Methods

Figure 1 is a plot of the slowest rates of death allowed
by the USP, CTFA and linear regression methods. Although
the target criteria of the linear regression method require a
complete kill of at least 10° cfu/g pathogens in 24 h and at
least 10° cfu/g nonpathogens by 7 days, the other methods
do not require a complete kill of the test organisms during
the 28 day test.

Figure 1 shows that the USP and CTFA methods allow
microorganisms to persist in products after a 2- or 3-log re-
duction in viable cell counts. This figure differs from a similar
figure in an earlier publication in which the USP criteria then
required a >3-log reduction by 14 days'® and initial rates of
death were extrapolated to the X-axis.

Orth and co-workers? reported the maximum allowable
D-value (MA D-value) for Gram negative bacteria routinely
used in preservative efficacy testing was <30 h. Pseudomonas
aeruginosa, Burkbolderia (Pseudomonas) cepacia and
Escherichia coli did not die and/or began to grow after an
initial decline if D-values were not <30 h.

Although similar studies have not been reported for Gram
positive bacteria, these findings indicate that Gram negative
bacteria introduced into products may survive and/or grow
unless the preservative system Kkills them with a D-value of
<30 h.This is indicated as the “Region where preservative
system may fail” in the shaded area of Figure 1.Here, the sur-
vival curves show the slowest rates of death allowed by the
USP, EP, CTFA and linear regression methods of preservative
efficacy testing. The Region where preservative system may
fail (shaded area) shows where the formula risk factor is >1
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because the rates of death of bacteria are 230 h.The type of
contaminating microorganism(s),their physiological state,the
nutrients provided by the product, and storage conditions
(time,temperature,oxidation/reduction potential,and other
factors) determine whether Gram positive or Gram negative
bacteria will survive and grow in any given situation.

When discussing rates of bacterial death using %-reduc-
tions or log-reductions, a time interval must be included
(such as, a 3-log reduction in 7 days). D-values are used in
all areas of microbiology to describe rates of death of micro-
organisms. Conversion of USP, EP and CTFA challenge test
acceptance criteria to D-values enables direct comparison
of the slowest rates of death allowed by these methods.

The log-reductions (initial rates of death) allowed by the
different methods are given inTable 1.Conversion of these log-
reductions to D-values gives values of <156 h,<24 h,and <56
h for USP, EP and CTFA methods, respectively.These D-values
give the rates of death without stating the number of hours
or days required for a given number of log-reductions.

Required D-Value

It is possible to specify the rate of death required for
test organisms in a product depending on the type of
packaging and consumer use. Orth, Barlow and Gregory®
reported that the preservative efficacy of the formula, the
protection provided by packaging (the packaging factor),
and the conditions of use (the consumer use/abuse fac-
tor) must be considered when determining the adequacy
of preservation of a product. Criteria for determining
packaging and consumer use/abuse factors are given in
Tables 2 and 3.

Orth and co-workers related D-values of a formula with
packaging and consumer use/abuse factors in the required
D-value (RDV) by the following expression:

RDV = D-value, / F,“F.D

where

D-value is the D-value of a target organism,
F is the packaging factor of the product, and

F ., is the consumer use/abuse factor.

cu

Application of the RDV enables one to determine what
D-value is required by specific (target) organisms when
the type of packaging and consumer use are known. The
consumer use of a product generally cannot be changed
because consumers use shampoos in the shower, apply
pressed powders using a pad, and dispense lotions from a
tube or bottle. However, the preservative system may need
to be improved or packaging modified to achieve the desired
RDV and have a product that will be microbiologically safe
and stable during consumer use.

Risk Factor of the Preservative System

Experience has shown that Gram negative bacteria gener-
ally are more capable of adapting and causing problems in
aqueous cosmetic and drug products than are Gram posi-
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Table 1. Comparison of acceptance criteria and risk factors
provided by the USP, EP, CTFA and linear regression
methods

Test Method Log-Reductions D-value  MAD-value  Risk Factor*
UspP >2 by 14 days <156 h 30 h 5.6

EP >2 by 2days <24 h 30h 0.8
CTFA >3 by 7 days <56 h 30h 1.87
LRM-Path.** >6 by 1 day <4 h 30h 0.13
LRM-Nonpath.** >6 by 7 days <28 h 30h 0.93

* D-value determined from the initial rate of death in USP, EP and CTFA
methods

* MA D-value determined for Gram negative bacteria*

* Risk Factor = D-value/MA D-value

** LRM-Path. = Linear regression method for pathogens

** LRM-Nonpath. = linear regression method for nonpathogens

tive bacteria, so use of the MA D-value
for Gram negative bacteria in aqueous
products provides a more conservative
approach to safety assessment than
using similar data for Gram positive
bacteria.

The contamination risk factorisan ex-
pression of the ability of the formulation
to prevent growth based on the rate of
death of specific test organisms, relative
to the rate of death at which bacteria die
so slowly that they may adapt and grow
(or persist) in the formula.

The risk factor for the preservative
system may be determined by dividing
the D-value for a specific bacterium
in that product by the MA D-value
for Gram negative bacteria (30 h). For
example, a formula with a D-value of
30 h for Gram negative bacteria would
have a risk factor of 30 h/30 h = 1 for
these microorganisms. This formula
would be expected to prevent growth
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Table 2. Criteria for risk assessment of packaging to allow
microbial contamination of a product

Packaging Factor Type of Packaging Closure

1 (low risk) Single use product/applicator

Unit-dose container

Hermetically sealed container

Multiple-use container intended for use where

contact with water or wet/soiled fingers is likely

e Lotion in pump dispenser

e Cream in tube with screw cap or flip-top

Multiple-use container intended for use where

repeated contact with water or wet/soiled fingers

may occur

e Shampoo/conditioner in pump dispenser or tube
with screw cap or flip-top

e Toothpaste tube with screw cap or flip-top

e Jar of cream with removable lid

5 (moderate risk)

10 (high risk)

e Eye shadow/mascara with reusable applicator

(brush/wand)
Table adapted from Orth et. al®

Table 3. Criteria for risk assessment of consumer use/abuse
that may allow microbial contamination of a product

Consumer Factor Type of Consumer Use/Abuse

1 (low risk) Using single-use product/applicator

e Shampoo in unit-dose container

e Lotion in tear-open packet

5 (moderate risk)  Using multiple-use product where touching product

with wet/soiled fingers may occur occasionally

e Touching outlet of lotion pump as product is
dispensed

e Touching tip of tube when dispensing sunscreen
onto fingers

Using multiple-use product where repeated product

touching with wet/soiled fingers occurs or where

contact with water occurs

10 (high risk)

e Removing cap from bottle of shampoo while
showering

* Moistening mascara applicator (sand) and
reintroducing it into product

e Adding water to the bottle of liquid soap or bath
gel to get all of the product out of the bottle, and
re-using this diluted product over a period of days

Table adapted from Orth et. al®

by unadapted bacteria, but may have
no margin of safety. A formula with a
D-value of 15 h for E. coli or B. cepacia
would have a risk factor of 15 h/30 h =
0.5 for these bacteria. If §. aureus had
a D-value of 20 h in the same formula,
the risk factor for S. aureus would be
20 h/30 h = 0.67.
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Risk factors were calculated using the maximum ac-
ceptance criteria for the USP, EP, CTFA and linear regression
methods (Table 1). It is believed that products with risk
factors >1 may not be adequately preserved, and their pre-
servative system may fail. Formulas that meet EP and linear
regression method criteria would be adequately preserved
for Gram negative bacteria because all have risk factors <1.
Note that formulas that just meet the linear regression method
acceptance criteria for pathogens (4 h) would have a risk
factor of 4 h/30 h = 0.13.1t is very important that products
be adequately preserved against pathogens that could cause
skin or eye infections.

Aqueous formulations that allow microbial growth
without the addition of preservatives [i.e., they are not
self-preserving due to low water activity (a )] should have
D-values <4 h for opportunistic pathogens such as P aerugi-
nosa.Self-preserving formulas with low a_ should be tested
and shown to be bacteriostatic/slowly bactericidal Although
a_-based formulas may not provide killing of bacteria with
D-values of <30 h, they are inherently self-preserving, they
do not permit microbial growth,and the formula risk factors
discussed here do not apply.

Determining the Microbial Safety Factor for a Product

The preservative system of the formula is very important;
however, other parameters are required for determining the
microbiological safety factor ofa product.The microbial safety
factor for a product may be calculated by dividing the RDV
in hours by the risk factor for a formula, as follows:

Microbial Safety Factor = RDV (in hours) / Risk Factor
Criteria for risk assessment of packaging and consumer
use/abuse are presented in Tables 2 and 3.

It is desirable to have a topical lotion with an RDV of 4
h for Paeruginosa.If we have a product with a formula that
meets acceptance criteria of the linear regression method
(D-value <4 h), protective packaging (i.e.,a lotion in a small
tube that minimizes contamination; packaging risk factor
= 1) and good protection from consumer contamination
(consumer use/abuse risk factor = 1), we can determine the
RDV and microbial safety factor as follows:

RDV=4h/(D*(1)=4h

Microbial Safety Factor = 4/ 0.13 = 30

In this example, this product has a 30-fold safety factor, so it
isunlikely thatit would become contaminated by Paeruginosa
during consumer use. If the same formula were to be used
asashower treatment product (consumer use/abuse factor =
10),it would probably have different packaging (i.e.,a bottle
with a flip-top cap; packaging risk factor = 5).This would
change the RDV and microbial safety factors as follows:

RDV=4h/(5)*10)=0.08h

Microbial Safety Factor = 0.08 / 0.13

=0.62

Here, the formula still has a D-value of 4 h for P aeruginosa,

but the packaging allows contamination during use in the
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shower. This illustrates that the same
formula may have a safety factor of 30
when used aslotions are commonly used
and that it may have a safety factor of
0.62 when used as a shower product.A
product with a safety factor <1 has no
margin of safety.

Even though the formula may be
adequately preserved for Paeruginosa,
it is possible that the use as a shower
product will resultin contamination be-
cause the product will be touched with
wet fingers during repeated use in the
shower over a period of weeks/months.
If the packaging cannot be changed to
reduce the packaging factor, it may be
necessary to increase the type/concen-
tration of preservatives to decrease the
risk factor of the preservative system.
This illustrates the necessity for evalua-
tion of both consumer use and the type
of packaging prior to final selection of
the packaging for any product.

Examples illustrate that the risk fac-
tor of the formula and the RDV may be
used to determine the safety factor for

a product. A formula that just meets USP criteria has a risk
factor of 5.6 and a safety factor for P aeruginosa of 4/5.6 =
0.71.There is no margin of safety with a safety factor of <1.
Bacterial contamination during consumer use is possible
unless the packaging and the manner in which it is used
restrict human and environmental contamination. The like-
lihood of contamination could be reduced by use of small
tubes (perhaps 1 0z.) so that the product would be used
up in a few weeks. This would reduce repeated exposure
and the possibility of microbial adaptation (a consumer
use/abuse factor = 1).If the tube had a small orifice to help
prevent consumer contamination, the product would have
a packaging factor = 1.

A formula that just meets CTFA criteria would need pack-
aging that provides two-times the protection in a formula
that just meets linear regression criteria for nonpathogens.
When selecting criteria that result in acceptance of formu-
las in the “Region where preservative systems may fail to
prevent bacterial growth” (Figure 1), it is quite possible that
the greatest consumer protection would be obtained with
unit-dose packaging, or small tubes with narrow orifices (as
mentioned earlier).

The linear regression method acceptance criteria provide a
product safety factor of just greater than one for nonpathogens
and substantially greater than one for pathogens. It appears
that this safety factor is adequate for aqueous cosmetic and
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drug products because to the best of our
knowledge, formulas that meet the ac-
ceptance criteria of the linear regression
method have never been contaminated
with unadapted microorganisms.

On the other hand,USP and CTFA cri-
teria have acceptance criteria that allow
microbial safety factors of <1, and it is
known that products thatare considered
to be satisfactorily preserved by these
methods may allow microbial growth."
Although a safety factor of >1 does not
guarantee thata product cannotbecome
contaminated during manufacturing or
consumer use, it provides a rational basis
for predicting the likelihood of product
contamination. Obviously, a product
with a safety factor of 10 is much less
likely to become contaminated than a
formula with a safety factor of <1, if all
other conditions remain constant. It is
believed that use of microbial safety
factor in product development will
help take some of the mystery out of
cosmetic microbiology.
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Conclusions

Preservative efficacy testing is carried out to determine

whetheraformulaisadequately preserved. Product contamina-
tion problems seem perplexing, yet they frequently are caused
by inadequate preservation - the products do not have a large
enough microbial safety factor.

Lenient acceptance criteria may result in inadequately
preserved products.

Different methods have different acceptance criteria
for determining adequacy of preservation.These crite-
ria generally do not consider packaging or consumer
use.

The RDV may be used to determine preservative
requirements of a product when the type of packaging
and consumer use are known.

Contamination risk factors for preservative efficacy test-
ing methods may be determined from the slowest rate
of death allowed by the acceptance criteria (i.e., the
maximum allowable D-value) and the MA D-value for
Gram negative bacteria.

The microbial safety factor for a product may be deter-
mined by dividing the RDV by the risk factor.

Aqueous products with a microbial safety factor of >1
have an excellent history being satisfactorily preserved
in manufacturing and during use by consumers.

Reproduction of all or part of this article in English or any other language is
strictly probibited.

References

Address correspondence to Donald S. Orth or David C. Steinberg, c/o Editor,
Cosmetics & Toiletries magazine, 362 South Schmale Road, Carol Stream, IL
60188-2787 USA.

1.

2.

DS Orth, Preservative efficacy testing: Areview of various testing methods

and their reliability, Cosmet Toil 112(5) 59-62 (1997)

Adequacy of preservation, Cosmetic product-related regulatory requirements

and health hazard issues, FDA Cosmetics Handbook 14-15 (1994)
European Union, Cosmetic Directive 76/768/EEC, Article 7a(b)
DS Orth, KS Delgadillo and C Dumatol, Maximum allowable D-

values for Gram negative bacteria: Determining killing rates required in

agueous cosmetics, Cosmet Toil 113(8) 53-59 (1998)

DS Orth, RF Barlow and LA Gregory. The required D-value: Evaluating

product preservation in relation to packaging and consumer use/abuse,

Cosmet Toil 107(12) 39-43 (1992)

United States Pharmacopoeial Convention, Microbiological tests,

antimicrobial preservatives—effectiveness, in United States Pharmacopoeia

XXV, Rockford, Maryland: United States Pharmacopoeial Convention

(2002) pp 1809-1811

European Pharmacopoeia Commission, Efficacy of antimicrobial

preservation, in European Pharmacopoeia, 3rd ed, Strassbourg: Council

of Europe (1966) pp 286-287

Preservation Subcommittee of the CTFA Microbiological Committee, A

guideline for the determination of adequacy of preservation of cosmetics

and toiletry formulations, TGA Cosmet J 2 20-23 (1970)

DS Orth, Linear regression method for rapid determination of cosmetic

preservative efficacy, J Soc Cosmet Chem 30 321-332 (1979)

DS Orth, Standardizing preservative efficacy test data, Cosmet Toil 106(3)

45-51 (1991)

a7

Vol. 118, No. 4/April 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.25
    /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 212
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.25
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice




