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dium, a filtered placebo solution, a standard solution, and a
filtered dissolution sample. Absence of interfering peaks in
the placebo chromatogram or lack of absorbance by the
placebo at the analytical wavelength demonstrates
specificity.

ACCEPTANCE CRITERIA

Typical acceptance criteria for the amount of active ingre-
dient dissolved, expressed as a percentage of the labele
content (Q), are in the range of 75% to 80% dissolved. A Q
value in excess of 80% is not generally used, because allow-
ance needs to be made for assay and content uniformity
ranges.> Acceptance criteria including test times are usually
established on the basis of an evaluation of the dissolution
profile data. Acceptance criteria should be consistent with
historical data, and there is an expectation that acceptable
batches (e.g., no significant differences in in vivo perfor-
mance, composition, or manufacturing procedure) will have
results that fall within the acceptance criteria.

(1097) BULK POWDER SAMPLING
PROCEDURES

INTRODUCTION

The goals of this chapter are to provide guidance on bulk
powder sampling procedures, identify important bulk pow-
der sampling concepts, and collect a knowledge base of
useful practices and considerations that can lead to the ideal
physical sampling of bulk powder materials. The terminol-
ogy used here is well established in the field of material
sampling (see Aﬁpendix 3, for instance reference 7). Sam-
pling is undertaken as part of an estimation process. The
parameter of primary interest here is the mean level of some
analyte in the bulk powder as a whole.

The purpose of a sampling plan is to obtain a representa-
tive sample of a population so that reliable inferences about
the population sampled can be drawn to a certain level or
degree of confidence. Acquiring a representative sample
from a lot is critical because without a representative sample
all further analyses and data interpretations about the lot are
in doubt. An ideal sampling process is a process in which
every particle or at least every equal-size portion of the pop-
ulation has an equal probability of being chosen in the sam-
ple. In addition, sampling procedures should be reproduci-
ble, i.e., if the sampling protocol were re‘peated, a high
probability should exist of obtaining similar results. Also, the
integrity of the sample should be preserved during and after
sampling. The details of how to sample depend on a variety
of factors. For example, criteria for sampling to evaluate par-
ticle segregation may differ from criteria for evaluating mois-
ture content or identification.

Because of the propensity of a powder to segregate, het-
erogeneous powder systems can make it difficult to obtain
an ideal sample. Thus, to extract representative samples re-
quires careful development of a sampling plan that accounts
for and mitigates the segregation tendencies of a particular
3See the FDA Guidance for Industry: Dissolution Testing of Immediate-Release

Solid Oral Dosage Forms, August 1997; http://www.fda.gov/cder/guidance/
1713bp1.pdf, accessed 6/22/2005.
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powder system. Developing a general guidance for bulk
powder sampling is challenging because every situation is
different, and therefore different approaches must be used
to deal with each situation. Thus, the goal of this general
information chapter is to outline recommended steps for de-
veloping a sampling scheme or plan for a particular system
that is consistent with good sampling practices.

The primary difficulty in ac?uiring a representative sample
is that the size of the sample for measurement, typically a
few milligrams to grams, must be withdrawn from a Iar?e
population on the order of hundreds to thousands of kilo-
grams. The few milligrams analyzed in a laboratory must be
taken from a large population of particles in a warehouse in
such a manner that the measurement sample is representa-
tive of all the particles in the lot. Any bias or error in the
sampling process will cause all future inferences to be in
error. Over the years methods have been developed and
refined to attempt to ensure that the measurement sample
is representative of the whole population. A typical strategy
is shown in figure 1. The strategy is to sample in stages,
starting with the initial gross or primary sample withdrawn
directly from the received containers. In the laboratory, the
gross sample must be reduced in size until it is the appropri-
ate size for measurement. This should be done in a manner
that minimizes the introduction of sampling errors. The key
to reducing the sampling error is to ensure that every parti-
cle of the population has an equal probability of being in-
cluded in the sample. However, because of segregation or
the nonrandom nature of powders, many obstacles can
cause bias and contribute to sampling errors. Following the
flow chart in Figure 1 and the steps outlined in subsequent
discussions will help to minimize sampling errors.
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Figure 1. Overall sampling strategy for reducing the sample
size from the hundreds of kg scale to the mg scale.

To acquire a representative sample, a suitable sampling
plan must be developed and implemented. A good sam-
pling plan includes: (1) population determination and sam-
ple size selection, (2) a sample collection procedure and a
method for sample size reduction, and (3) summary calcula-
tions that demonstrate that the sampling plan will yield
samples that accurately characterize the population to
within a stated level of acceptance. In addition, an infra-
structure is needed to maintain the integrity of the samples
and sampled materials.

This chapter begins with a brief introduction to sampling
theory and terminology. The technical content of the chap-
ter requires a basic scientific understanding of physical parti-
cle characteristics (e.g., mass, density, shape, and size) and
statistics (e.g., acceptance sampling and binomial
distribution).
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SAMPLING THEORY AND TERMINOLOGY

Fundamental Sample Size (Sample Mass)

Sample size is considered from two perspectives: (1) the
mass of the sample intended to represent the entire popula-
tion, sometimes termed the composite sample, and (2) the
number of samples taken with a mass sufficient to indepen-
dently evaluate, compare, or provide confidence to ensure
the reproducibility of the composite or the uniformity of the
population. The key to obtaining an ideal sample is to un-
derstand and account for the degree of heterogeneity of the
characteristic being evaluated in the system under study. For
example, heterogeneity of a particle system arises from two
sources: the intrinsic, constitutive, or compositional hetero-
geneity and the spatial distribution heterogeneity. The in-
trinsic heterogeneity of the powder system reflects the fun-
damental differences in the individualdparticles. Statistical
heterogeneity (differences between individuals), or variance,
is expected to maintain assumed properties. For a normal
population the general expression for a statistical sample
size suggests that the number of independent samples is
proportional to the square of the normal quantile at the
desired confidence level (Z) and the [P)]opulation variance
(c?) and is inversely proportional to the square of the
mininum detectable difference required (9), as shown in
equation 1:

In order to apply the normal theory sample size equation
to sample mass with a discrete number of particles, consid-
eration for material characteristics is needed. For a heteroge-
neous bulk material, such as a bulk powder, the sample
mass required to ensure adequate representation of the in-
trinsic or fundamental population heterogeneity or variation
is determined by the size, shape, and density of the parti-
cles. The total sampling error (TSE) measures the difference
between the analyte concentration estimated in the sample
(asample) @and the mean analyte concentration in the lot (aio)
relative to the mean analyte concentration in the lot (ai), as
shown in equation 2:

TSE = asample - aIot
a

()

lot

When ideal sampling is employed, the TSE is reduced to a
fundamental sampling error, limited only by the intrinsic
heterogeneity of the material. The relative variance of the
fundamental sampling error (Se?) has been empirically esti-
mated in particle size applications by characterizing the criti-
cal particle mass, heterogeneity, size (diameter), shape, den-
sity, and weights of the material. Empirical estimates require
a thorough and complete knowledge of the material and
process. Established material characterization and methods
are critical aspects of avoiding unacceptable estimates. As
shown in equation 3:

1 1
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where fiape is @ measure of cubicity or shape factor of the
analyte particles; gcr, the granulometric factor, is an empiri-
cal correction factor of differences in particle size; Cmax is the
compositional maximum heterogeneity and is calculated as
if the material consists of the analyte particles and every-
thing else; |, the liberation factor, is an empirical factor rep-
resenting the proportion of critical content particles sepa-
rated from the non-analyte containing particles of the lot;
dmax is the particle diameter [e.g., the maximum diameter or
the diameter (cm) of the size of the opening of a screen
retaining 5% by weight of the lot to be sampled]; Msmpie is
the mass of the sample; and my, is the mass of the lot
being sampled. [NOTE—A liberation factor is needed when
the analyte does not appear as separate particles. A high
liberation value (1.0) suggests heterogeneity of particles. A
low liberation value (0.05) suggests very homogeneous par-
ticles. See Appendix 1 for examples of potential applications
of equation 3 in the estimation of the fundamental sample
mass needed to account for constitutional heterogeneity of
the powder mixture.] Use of equation 3 requires prior esti-
mates Of fshape, ch, Crax, l/ and dmax-

Segregation Error

Distribution heterogeneity is the difference between sam-
ples or groups of particles spatially or temporally. For exam-
ple, small particles are located preferentially in the lower
portion of a powder bed. This type of situation can arise as
a result of powder bed segregation and is common in some
particle systems with a broad particle size distribution. In
other words, smaller particles may not be randomly distrib-
uted throughout the lot. This spatial heterogeneity in-
troduces variation in the sample and is a source of variation
that contributes to the total variation. Together, fundamen-
tal and segregation error give rise to sampling error, which
dictates how variable the samples will be, how large the
sample size and numbers of samples should be (e.g., 10
containers, sampled at top and bottom, with sample sizes of
50 g each), and how hard it will be to obtain a representa-
tive sample.

Minimizing the effects of segregation error during lot ma-
terial characterization while still ensuring a representative
sample mass requires collecting many small samples that av-
erage out the variation of the segregation error. This as-
sumes one is interested in estimating the overall average,
not characterizing lot heterogeneity. Segregation error is dif-
ficult to control because segregation may be the result of
changes in particle size, shape, and density, as well as in-
puts into the determination of sample mass. Minimizing the
effects of segregation error when reducing the primary sam-
ple size requires adequate physical mixing or randomization
of the primary samples before analysis, thus providing equal
selection probability.

Total Sampling Method Error

Intrinsic or compositional heterogeneity is a function of
the powder system and represents the true characteristics of
the material (e.g., equation 3). Thus, intrinsic heterogeneity
is often the minimal variance a system can have. The differ-
ence between the true state of the system and what is actu-
ally measured when ideal sampling is employed is called the
fundamental error (equation 2). The relative variance of TSE
(S%row) is represented in equation 4 as the sum of the rela-
tive variances of all error components:
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SZ _ SZ SZ + SZ

total =  fundamental * segregation extraction S

The S% can be reduced by employing ideal sampling.
Ideal sampling will limit or adjust for the effects of error
contributed by particle segregation, extraction error created
by the sampling device, delimitation error created by not
considering the three-dimensional nature of the bulk mate-
rial, and sample handling errors such as product degrada-
tion. The total variation is the sum of these sources of error,
illustrated in equation 4 as independent, additive compo-
nents. To the end of reducing these errors, an important
goal of material characterization by sampling is the determi-
nation of the relevant errors within the bulk sample. Know-
ing the source of the error helps determine how to best
minimize these errors.

Fundamental error arises from the intrinsic heterogeneity
of particles within a sample of the material population. Re-
ducing fundamental error requires changing the intrinsic
characteristics of the material, such as reducing the particle
size by milling or grinding. Segregation error is the spatial
distributional difference of particles across the population.
This type of error can be minimized by mixing or
randomization of the particles being selected. Segregation
error is affected by the characteristics of fundamental error.
Additionally, for the determination of both fundamental and
segregation error, it is assumed that mechanical sampling is
carried out correctly and is not invasive, i.e., that mechani-
cal sampling does not alter the characteristics being meas-
ured and provides a true representation. In instances where
sampling of the bulk material does not provide unbiased
representation or is so invasive that it alters material charac-
teristics, then, in order to obtain noninvasive, unbiased sam-
ples, operators may need to change sampling from a bulk
form to a stream form of processing, either upstream or
downstream from the sample point (see Appendix 2). The
mechanical sampler may need to mix the sample sufficiently
to facilitate random sampling with equal probability of se-
lection in order to obtain an adequate representation of the
entire bulk lot. The process may also require mixing or sam-
pling from a location in the process that will provide a ran-

dom sample from material that is susceptible to segregation.

Extraction, delimitation, and handling errors occur as a
result of the mechanical sampler and sample handling prior
to analysis, which also are affected by fundamental error.
Trends, shifts, and cycles are temporal sources of error that
affect total error. The analytical error of the method of anal-
ysis contributes to the overall error of the reported result. In
addition to obtaining representative subsamples from the
bulk material, the method must also obtain a representative
subsample from the particulate laboratory sample before
analysis.

Sampling Strategy

A typical sampling strategy consists of two basic steps: (1)
the primary or gross sample, followed by (2) the secondary
sample, which reduces the primary sample to a size that is
suitable for laboratory measurement. In short, the goal is to
select from the lot a quantity of material suitable for meas-
urement without significantly changing the attribute for
which one is sampling. In parallel with the sample size re-
duction, sample size calculations must be done in such a
way that the sampling strategy has sufficient statistical
power to determine whether the attributes of interest lie
within the specification ranges with a reasonable degree of
certainty. Each step must be done correctly, or the sampling
strategy as a whole will not provide a sample that is repre-
sentative of the original population.

To successfully withdraw a sample from a bulk container
that is representative of the population, one needs to have
an idea of the population’s heterogeneity, i.e., how segre-
gated or stratified the system is. Knowing what factors can
accentuate segregation and knowing the patterns of segre-
gation that are likely will help one to account for segrega-
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preparation trends, shifts
tion in a powder bed and to take better samples. Many
factors can affect the degree of powder bed segregation.
For segregation to occur, sufficient energy needs to be put
into the powder bed to induce motion between particles.
When a sufficient amount of energy is supplied, segregation
can occur via three modes: percolation (in the powder bed),
rolling (on the free surfaces of a powder bed), and free
flight (when the powder bed is fluidized). These modes are
illustrated in Figure 2.

Bed vibration

Percolation Rolling

Free flight

Figure 2. lllustration of the three modes of particle segrega-
tion: percolation, rolling, and free flight.

Within the powder bed, segregation can occur by means
of percolation, also called sifting segregation, as well as
through the movement of coarse particles to the top via
vibration. During sifting segregation, smaller particles acting
under the influence of gravity can more easily migrate
downward into the void spaces between larger particles
when the particle bed is perturbed. The net effect of these
movements is that the smaller particles percolate down into
the powder bed, resulting in the top of the powder bed
having a higher proportion of larger particles. A common
example of sifting segregation is unpopped corn kernels
that are found at the bottom of a bag of popped popcorn.

For free surfaces, rolling segregation can occur any time
that particles can roll down a free surface. In other words,
segregation can occur on any non-level surface that allows
the relative movement of particles. When particles roll down
these free surfaces, larger particles tend to tumble farther
down the surface than the smaller particles (see Figure 3).
For example, if a conical heap or pile is formed in the mid-
dle of a hopper during loading, larger particles are more
likely to roll farther down the heap, toward the outer edge
of the hopper. This creates a situation in which the smaller

articles tend to be in the center of the hopper, and the
arger particles accumulate toward the outer wall of the
hopper. The formation of these free surfaces can be a major
factor in segregation.

When powder beds are fluidized, a large amount of air is
incorporated into the powder bed and, when this air is
moving, the air velocity may exceed the terminal velocity of
the smaller particles. When this happens, the fine particles
are suspended in the air stream while the coarse particles
settle out. The fine particles eventually settle on top of the
powder bed, forming a top layer that has a higher concen-
tration of fine particles. This type of segregation, sometimes
called elutriation segregation, can occur when a powder is
discharged from a hopper, or is poured into the top of a
hopper, and a large volume of air is displaced.

In summary, for a highly segregating system, the powder
bed could have a particle distribution similar to that shown
in Figure 3, where, as a result of elutriation segregation, a
layer of fine particles on the top overlies larger particles de-
posited by percolation segregation, and a radial distribution
of Iar?er particles appears toward the outer wall as a result
of rolling segregation.

In general, the primary factors that affect segregation are
particle size and size distribution, density, and shape and
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Figure 3. Example of extensive powder segregation within a drum.

shape distribution. Of secondary importance are surface
roughness, surface coefficient of friction, moisture content,
and container shape and design. Particle size is the most
important single factor, and subtle differences in particle
size can cause measurable segregation. If the attribute of
interest is associated with particle size, then this attribute
will segregate along with the different particle sizes. For ex-
ample, if a manufacturer makes a granulation in which the
larger particles contain more drug than the smaller particles,
then drug content can be very prone to segregation—i.e.,
drug content will show segregation patterns similar to those
associated with particle size segregation.

Segregation can notably increase sampling error because
it decreases the probability that certain particle types will be
in the sample. In addition, the powder bed may already be
segregated when material is received, and poor sample han-
dling can also cause segregation. To avoid further segrega-
tion during sample handling, the operator should avoid situ-
ations that promote segregation, such as the following:
pouring where the powder forms a sloping surface, pouring
into the core of a hopper, vibrations, shaking, and stirring
(unless done to promote mixing). In addition, the use of
mass flow hoppers reduces segregation.

Two basic strategies help promote ideal sampling: (1) use
of a sampling thief and (2) sampling from a moving powder
stream.

A sampling thief is a long spearlike probe that can be
inserted into the powder bed and, once inserted, can collect
powder samples from points adjacent to the spear. With a
sampling thief, particles from almost any point in the pow-
der bed can be included in the sample. The second method
relies on fundamental principles of sampling, namely that
(1) a powder should always be sampled when in motion,
and (2) the whole stream of powder should be sampled for
many short periods rather than sampling a part of the
stream for a longer period.

For example, if the container to be sampled is emptied
onto a conveyer belt, all the material will pass by a single
point that can be sampled. Thus, no matter how segregated
the system is, the collection of the powder at random time
Boints ensures that every particle has an e%ual probability of

eing included in the sample. The second fundamental prin-
ciple accounts for material segregation on the conveyer belt:
by collecting the entire stream, one gets a cross section of
all the particles, no matter how much segregation occurs on
the conveyer belt.

Many methods are available for obtaining a sample from
a powder system. Unfortunately, many of these methods in-
volve setting the powder bed in motion or performing in-
process sampling. Because of concerns about cross-contami-
nation and containment of potentially toxic materials, most
of these methods are impractical for the bulk sampling re-
quired for compliance with current Good Manufacturing
Practices (cGMPs). Hence, most of the sampling done in the
pharmaceutical industry is static sampling, done by either
(1) scoop or grab sampling or (2) stratified sampling, typi-
cally employing a sampling thief. The choice of method is
dictated by the distribution of the attribute being sampled
in the container, as discussed below.

GENERAL SAMPLE COLLECTION:
CONSIDERATIONS AND TOOLS

Types of Systems and General Considerations

Homogeneous Systems: For powder systems where
the attribute of interest is uniformly distributed throughout
the container—so that any sample is an unbiased represen-
tation of the entire container, lot, or population of interest—
scoop sampling is adequate. Scoop sampling is a straightfor-
ward procedure in which the operator, after selecting repre-
sentative containers for sampling, opens a container, scoops
out a sufficient amount of material from the top of the
powder bed, and then seals the container. If a thin layer of
material on top of the powder bed is suspected of being
different from the bulk, samples should be taken from a
point below this top layer. For example, in cases of elutria-
tion segregation, a thin layer of fine particles may lie on top
of the powder bed, and the operator should dig down into
the powder bed to avoid sampling from this layer. The
scoop should be large enough that no material is lost dur-
ing handling, because lost material may result in sample
bias. In other words, one should avoid the use of a heaping
scoop from which material can roll off the sides. The advan-
tages of scoop sampling are convenience and cost, and, for
highly potent materials, low-cost disposable scoops that can
be used to minimize cross-contamination.

Heterogeneous Systems: If the attribute of interest is
SEatiaIIy distributed in a heterogeneous manner throughout
the sample, then scoop sampling is prone to potentially sig-
nificant errors. Scoolo sampling is a non-probabilistic
method because only the most accessible fraction of the
container is sampled. Obviously, only the material in the top
layer can be reached with a scoop. For example, a sample
from the top outer edge of the drum shown in Figure 3
could be biased because, in this example, the larger parti-
cles are Horeferentially distributed toward the top and outer
edges of the drum. Hence the smaller particles have a lower
probability of appearing in the sample. As a result, the
smaller particles will be underrepresented in the sample,
and any analysis of particle size will not reflect the true par-
ticle size distribution of the original population.

For heterogeneous systems, the initial primary sample is
the most difficult to obtain. Use of a sampling thief, some-
times called a grain probe or sampling spear, is needed. The
advantage of a sampling thief is that much more of the
powder bed is accessible because the sampling thief can
sample from different points in the powder bed, thus help-
ing to reduce sam|oling bias. Many types of sampling
thieves are available, including: (1) the concentric sleeve
with slotted compartments, (2) the concentric sleeve with
grooves, sometimes called the open-handled probe, (3) the
end sampler, and (4) the core sampler. Each t)goe has its
own unique operating procedures, as described below.

The concentric sleeve with slotted compartments is prob-
ably the most popular type of sampling thief used in the
pharmaceutical industry. This type consists of two concen-
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tric tubes or cylinders in which the inner tube is divided into
compartments. This design makes it possible to detect dif-
ferences in the attribute of interest across the depth of the
container. To collect a sample, the operator closes the com-
partments and inserts the sampling thief into the powder
bed with the collection zone openings facing upward. The
handle is turned to open the sample zones, then the handle
is moved up and down with two quick short strokes to help
fill the compartments. The sampling thief is then closed and
removed from the powder bed. The operator should visually
inspect the powder bed through its depth before emptying
the sampling thief. The powder from the individual com-
partments can be combined on a clean surface or in a col-
lection container. In certain situations the material from
each compartment may be analyzed separately, that is,
without mixing.

In the concentric sleeve with grooves (open-handled
probe), the inner tube is not divided into compartments.
The probe is first inserted into the powder bed with the
groove open, the outer sleeve is rotated to close, and the
sampling thief is then withdrawn from the powder bed. The
probe’s contents are emptied from the handle end by hold-
ing the probe upright and letting the sample slide out from
the handle, a method more convenient than the one usin
the thief with slotted compartments. However, this type o
thief makes it more difficult to perform visual inspection to
examine for material inconsistencies according to depth.

An end sampler probe, often used to sample slurries, has
a single entry zone at the bottom of the sampling thief.
Frequently the end sampling zone is larger than the rest of
the sampling thief. This feature is a disadvantage because
the larger the probe, the more it perturbs the powder bed,
possibly resulting in the introduction of sampling bias.

Core samplers have a hollow outer cylinder with a
tapered outer wall on the open end. This probe is inserted
into the powder bed, and the intrinsic cohesion of the parti-
cles keeps them from flowing out when the probe is with-
drawn. The contents of the cylinder are then emptied into a
clear container.

General Considerations: The most reliable and repro-
ducible results in powder size measurements are obtained
when the particle size ranges from 2 to 10 um; otherwise,
the powder is too cohesive and does not flow properly into
the sampling thief. In addition, particles larger than about
one-third the width of the slot give poor results. Samples
should be taken from several sites throughout the container.
The probe should be long enough to penetrate at least
three-quarters of the depth of the powder bed, ensuring
that material from all depths can be captured in the sample.
The choice of sites should be dictated by an understanding
(often subjective) of the powder bed’s degree of heteroge-
neity, which may have been caused by handling or move-
ment during transport. Sampling plans can call for the inser-
tion of the probe either at random locations and random
angles or at predetermined locations and angles. For exam-
ple, the plan may call for the probe to be inserted at the
center and at two locations near the edges. Also, many op-
erators recommend that probes always be inserted at a 10°
angle from vertical, which increases the range of locations
sampled.

Some of the disadvantages of sampling thieves include
the labor-intensive nature of the procedure. The probe must
be physically inserted into the powder bed, often multiple
times; the contents of the probe must be emptied; and then
the probe must be thoroughly cleaned. For settled powder
beds, the sampling probe can be difficult to insert. In addi-
tion, the sampling probe can introduce errors as a result of
the following: fine particles can lodge between the inner
and outer tubes; particles can fracture; fine particles can
compact and not flow well into the sampling compart-
ments; segregation can occur during flow into the sampling
zone; and the act of inserting the probe can disrupt the
Bowder bed by dragging powder from the top layers of the

ed down through the bed.
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Representative Lot Sampling

Statistically-based sampling plans are based on statistical
principles and depend on the population’s spatial heteroge-
neity and intrinsic variability. Statistically-based plans are ef-
ficient and allow the collection of a sufficient number of
samples to yield the desired degree of certainty without col-
lecting too many or too few samples for the test method,
scale, product variation, risk requirements, and tolerance for
a stated product’s quality level or specification. The com-
monly used VN + 1 sampling plan given in Table 1 is not a
statistically based sampling plan and may result in collection
of too few samples for small populations and too many
samples for large populations. The use of statistically-based
sampling plans is advantageous because it facilitates risk
management. However, in cases where prior knowledge of
the population to be sampled is insufficient, a nonstatistical
sampling plan such as that given in Table 1 can be
considered.

Figure 4 illustrates the sample size selection scheme paths.
The first choice is whether to use a statistical or nonstatisti-
cal sampling plan. Statistical plans are preferred when a vari-
able attribute like particle size or drug content is being de-
termined. General sampling approaches are outlined in USP
general information chapter Analytical Data—Interpretation
and Treatment (1010). Statistically-based lot acceptance
samr;ling plans require a valid rationale with known quality
levels for the determination of product lot characteristics. As
noted, the application of statistical sampling plans, including
lot acceptance sampling plans, requires specific and thor-
ough knowledge of the material being sampled. Reference
statistical sampling plans state the rationale for sampling as
part of the sampling scheme. Manufacturers who use a sta-
tistically-based lot acceptance sampling method should refer
to an appropriate standard such as ANSI/ASQ Z1.9-2003 for
bulk materials or ANSI/ASQ Z1.4-2003 for multiunit or dis-
crete populations. These standards are readily available via
sources such as the American Society for Quality (http://
www.asq.org/) or the American National Standards Institute
(http://www.ansi.org/).

If one is developing a nonstatistical sampling plan for
which the quality level is not known, Table 1 gives sug-
gested sample sizes for the number of containers in the lot
that should be sampled.

The Level 1 sampling plan is relevant to materials when
heterogeneity does not affect the analysis and the customer
seeks to sample more than one container, when the sam-
pling plan can be proportional to the square root of the
number of containers received, and when the material
comes from a known and trusted source. In such cases, the
sample can be withdrawn from any point in the container.
For adequately homogenous systems, scoop sampling from
the top of the container is suitable.

The Level 2 sampling plan involves a 50% increase in
sample size when compared with Level T and is used when
a larger proportion of the number of containers is needed,
for example, when a material’s heterogeneity is suspected of
being consequential and acceptance sampling quality levels
are not defined, or when the material comes from a less
trusted source. Depending on the material’s degree of het-
erogeneity, a sampling thief may be used. However, if the
degree of heterogeneity will not significantly affect the re-
sults for the attribute being sampled, then scoop sampling
from the top of the drum may still be suitable.

Table 1 shows the number of containers, n, to be sampled
for a lot segregated into N containers. Note that the value
of n from the formula is rounded at 0.5 up to the next
higher integer. For example, if N = 6: for Level 1, n =\ + 1
= 3.45 rounds to n = 3; for Level 2, n = 1.5 x V6 = 3.67,
which rounds to n = 4.
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Figure 4. Sample size selection scheme.

sample
Done
Table 1
N (Number of Containers n (Sample Size
Comprising Lot) Level 1 Level 2
N<3 All All
N=>4 VN +1 1.5 x VN

These initial decisions, as illustrated in Figure 4, are often
difficult and sometimes must be made without sufficient in-
formation. If there is uncertainty about which method or
level is appropriate, sometimes a quick, small-scale informal
test of the system may help determine the best way to pro-
ceed. In addition, for some systems and attributes, the Level
1 and Level 2 sampling plans may result in oversampling.
For example, when one is sampling for identification from
the same lot, the suggested levels may result in collecting
more samples than are statistically needed; in such cases,
the statistically-based sampling plans referenced in Figure 4
can be used.

Sample Collection

Acquiring a representative sample from a lot of bulk pow-
der is a difficult procedure that requires special considera-
tion, and the basic procedures for acquiring a representative
sample are discussed below. Note that every situation re-
quires techniques that are appropriate for the given popula-
tion to be sampled. The methods presented here are appli-
cable to the sampling of static powders stored in midsize
bulk containers such as 1-ton super sacks, 50-kg drums, or
50-Ib bags. These methods are not necessarily applicable to
the sampling of liquids, large storage containers such as
train cars or silos, or in-process systems such as blenders or
moving conveyer belts. In addition, the procedures de-
scribed here are most applicable to particles in the size
range from approximately ~1 um to approximately ~1000

um. Significantly smaller or larger particles require special
procedures that are not covered here.

PRIMARY SAMPLE COLLECTION

Lot acceptance samples are generally transferred or deliv-
ered in containers. To collect a representative primary or
gross sample (see Figure 1), the appropriate container or
containers must first be selected from the population of N
containers; second, a representative sample must be with-
drawn from each of the selected containers.

Container Selection

To avoid bias and other sampling errors, the containers to
be sampled must be randomly selected. To make a random
selection, first number all containers in the lot, then use a
random number table (or computer-generated random
numbers) to choose from which container or containers to
withdraw the samples.

For systems in which containers are grouped together in
such a manner that many of the individual containers are
not practically accessible (e.g., 50-Ib bags stacked and
bound in shrink wrap on a pallet), the sampling plan may
need to take into account the larger container, in addition
to the smaller container, as a sampling unit, in order to
ensure a representative sample.

Withdrawing Sample from a Container

Container Types: The three most popular container
types are the bag, drum, and super sack. Because bags are
generally closed and not resealable, special sampling
thieves, sometimes called bag triers, have been designed to
puncture the bag. If the system to be sampled is heteroge-
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neous, the samples should be obtained from the bottom,
center, and top of the bag; and, depending on how the
bags are stacked on the pallet, they should also be sampled
from the front and the back. When sampling from bags,
particular attention should be paid to the corners, because
they can disproportionately trap fine particles. If no bag trier
is available, use a knife to cut open the bag for sampling.
When sampling from a bag, be sure to clean the external
surface sufficiently that the sample is not contaminated and
foreign material is not introduced into the bulk material.
Once the sample has been taken, place a compatible mate-
rial over the hole in the bag, then fix this patch with an
appropriate adhesive tape. Depending on the heterogeneity
of the drum, a scoop or a sampling thief is used. Super
sacks are large sack containers that usually have a fill spout
on the top and a discharge spout on the bottom. For ade-
quately homogeneous material, scoop sampling is appropri-
ate; but if there is any concern about the heterogeneity of
the material, a thief should be used. The large size of super
sacks makes the use of a thief more important for represen-
tative sampling than in the case of a drum or bag, in order
to limit potential delimitation error.

Sample Handling

The samples collected can be either assayed individually
or combined; then a subset of theé;ross sample can be
assayed, as depicted in Figure 1 and described below. Sam-
ple increments should be combined on a clean, dry surface
or in a suitable container or bag. All containers with which
the sample comes into contact should be inert and should
not chemically or physically react with the sample. In addi-
tion, samples should be accurately labeled and good records
kept. A portion should be kept for possible future analysis.

PRIMARY SAMPLE SIZE REDUCTION

As mentioned above, the primary sample typically consists
of multiple samples taken from containers and mixed to-
gether. To obtain an analysis or measurement sample (Figure
1), the gross or primary sample must be reduced to a size
appropriate for the analytical method. Gross or primary
sample size reduction is an often overlooked aspect of a
sampling plan, but it is an important step. The factors that
cause segregation in a container can also cause segregation
in the primary sample, and any bias in the size reduction
method for the primary sample will lead to erroneous re-
sults. The advantage of secondary samples is that the mass
has been reduced to a point at which it is much easer to
obtain a representative sample because every element in the
powder bed is readily accessible. Such accessibility makes it
easier to adhere to sampling best practices. Generally speak-
ing, sample measurement takes place under either wet or
dry conditions; the choice is dictated by the requirements of
the analytical method. For example, the Coulter counter re-
quires that samples be uniformly suspended in an electro-
lyte, but other methods, like sieving, are typically performed
with dry powders.

Before dividing an agglomerated samr)le, the agglomer-
ates should be broken apart by a suitable technique such as
sieving.

Dry Analysis Methods

Many laboratory devices are available for the reduction of
the primary sample to an analytical sample. The three most
important methods used in the pharmaceutical industry are:
(1) scoop sampling, (2) cone and quartering, and (3) the
spinning riffler or rotary sample divider (manual method of
fractional shoveling); see Figure 5.
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Figure 5. Two procedures for dividing samples. Top: spin-
ning riffler, in which a circular holder rotates at a constant
speed, and the sample is loaded at a constant rate into the
containers via a vibratory chute, which is fed by a mass-flow
hopper. Bottom: cone and quartering. (Cone, left, is flat-

tened and quartered; quarters can be formed into cones
and further subdivided.)

Scoop Sampling: ScooE sampling is done as previously
described, but generally with a smaller scoop or spatula.
Great care must be taken when removing material from the
primary sample, because this material could be highly segre-
1gated as a result of handling. Scoop sampling is apfpropriate
or homogeneous or cohesive powders. However, if the
powder is prone to segregation, scoop sampling can intro-
duce significant errors. Moreover, scoop sampling has sev-
eral serious disadvantages. First, the method depends on the
operator’s deciding from which part of the primary sample
to scoop the material and what quantity of the sample to
extract, which are features that can introduce operator bias.
Second, in scoop sampling, operators have a natural ten-
dency to withdraw the sample from the free surface, which
is highl{ prone to segregation and is not representative of
the bulk. Third, operators need to avoid creating a heap
where rolling segregation can occur, because material could
fall off the edges of the spatula or scoop and bias the sam-
ple. Ideally, the operator should make some attempt to mix
the primary sample before using the scoop, but this too can
exacerbate segregation problems and should be done only
with great caution.

Cone and Quartering: Cone and quartering is done by
pouring the primary sample into a symmetric cone on a flat
surface. The cone is then flattened by a flat surface such as
a spatula, and is divided into four identical quarters (Figure
5). One quarter is taken as the sample. This procedure can
be repeated (e.%., 3uarter-samp|es can be subdivided into
quarters) until the desired sample size is obtained. The the-
ory of this method is that when a symmetric cone is cre-
ated, all the segregation processes also occur symmetrically
around the cone, and hence symmetry is used to mitigate
the effect of segregation. In practice, it is very difficult to
actually make a symmetric powder cone, and the method
becomes very operator-dependent and often unreliable. Dif-
ferences in how operators form the heap and subdivide it
can lead to a lack of precision and significant errors. In addi-
tion, if the method is done more than once, errors can
propagate each time the cone and quartering is performed.
Some experts do not recommend this method.

Spinning Riffler: A spinning riffler (Figure 5) includes a
series of containers mounted on a circular holder. The circu-
lar holder rotates at a constant speed, and the sample is
loaded at a constant rate into the containers via a vibratory
chute, which is fed by a mass-flow hopper. Once the mate-
rial has been divided among the different holders, an indi-
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vidual holder can be removed for testing or further sample
division. The angular velocity of the circular holders and the
amplitude of the vibratory feeder can be controlled to ac-
commodate powders with different flow properties. The
holder velocity and feed rate should be adjusted so that the
containers fill uniformly and so that a heap does not form
on the vibratory feeder. Spinning rifflers are available in dif-
ferent sizes, making possible subdivisions of powders rang-
ing from a few milligrams to hundreds of grams. The only
drawbacks of the spinning riffler are the time required to
process the sample and clean the device, and the capital
expense. Despite these minor disadvantages, the spinning
riffler is by far the best method for subdivision of free-flow-
ing powders.

Fractional shoveling is the manual version of the spinning
riffler. In this method, scoop samples are taken from the
original sample and placed into a sufficient number of ali-
quots, and then subsequent scoops are taken from the origi-
nal sample and placed into one of the aliquots in sequential
order. This process is repeated until the original samples are
gone. Then one of the aliquots is randomly taken as the
reduced sample. As is the case with all manual methods,
operator error and variability can be significant factors.

Wet Analysis Methods

Wet analgsis methods require dispersing the sample in a
liquid suitable for analysis, and then withdrawing an aliquot
using a syringe or pipet. Effective secondary sampling re-
quires making a stable homogenous suspension (i.e., the
sample must be stable from the time of formation of a sus-
pension to the time when the analysis is complete). Some
important factors in wet analysis are sample solubility in the
dispersion vehicle, aggregation of sample, the use of sus-
pending agents, and deaggregation of primary particles in
the dispersion vehicle. Even though a uniform suspension is
created, the sample should be homogenized, typically by
shaking, immediately before withdrawing the sample with a
syringe or pipet. The diameter of the syringe or pipet
should be large enough so that particles are not excluded
and clogging does not occur. The diameters of the largest
particles should not exceed 40% of the syringe or pipet tip
diameter. If for practical reasons the amount of material
from the primary sample is too large, the sample size should
be reduced before a suspension is made. To reduce the
sample size, use the methods described above in the Dry
Analysis Methods section. As a precaution, collect and retain
enough sample to repeat all tests a minimum of five times.

APPENDIX 1: SUBSAMPLING EXAMPLES

The examples provided below describe the importance of
material particle characterization during the selection of an
appropriate sample mass. Four examples are presented. In
the first example, similarity in the fundamental or intrinsic
material characteristics is assumed. In the second example,
the density of the heavy metal analyte being measured is
changed. In the third example, the effect of changing the
particle size is evaluated. In the fourth example, the ade-
quacy of the fundamental particle characteristics in a formu-
lation needed for a given unit dose or mass is evaluated.

Example 1. Sample Mass Determination

Assuming the lot size is 1 kg, the maximum particle diam-
eter is 1000 um, and the concentration of the analyte is
expected to be 1%, what sample mass of round, equal-sized
and -shaped 1000-um particles with a density of 1 g/cm3
would be needed to estimate the average concentration of
the analyte with a percent relative standard deviation
(%RSD) of 5%?
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Rearranging equation 3, one can estimate the sample
mass as shown in equation 5:
Meample = : ()

sample S
P fse2 4 1

3t
fshape der Cmax ‘dmax Mot

The compositional maximum heterogeneity (Cmax) can be
estimated by considering the analyte and matrix density (Aa
and Am, respectively, and their average A) and analyte con-
centration &L) (equation 6):

_(1-a )’
max aLX

(6)

For low analyte concentrations, the compositional maxi-
mum heterogeneity is simplified to equation 7:

A
Cmax - A (7)

For high analyte concentrations, the compositional maxi-
mum heterogeneity is simplified to equation 8:

Crax ® 7\‘m (1 - aL) (8)
The shape factor is approximated by equation 9:
~ Volume
fshape ~ d3 (9)

Where d is the nominal particle diameter for a sphere,
and the shape factor is [(4/3)r/8], or approximately 0.5.

The granulometric factor can be approximated by the
typical minimum diameter noted as the 5th percentile size,

ivided by the typical maximum diameter noted as the 95th
percentile size, as shown in equation 10:

d.,
Ocr %

95%

Because all particles are the same size, the granulometric
factor, gcr, is 1.0. Because the analyte exists in a state liber-
ated from the matrix particles, the liberation factor is also

1.0. The sample mass for a 5% RSD (using equation 5) is
then:

1
0.052 N 1
0.5x1x100x 0.1 1000

m

= 196g

sample

A sample mass of 19.6 g will provide a sampling error of
approximately 5% RSD. Note that in this example the parti-
cle characteristics are simplified to demonstrate that a lot
mass of 1000 g contains 2 x 106 particles of 0.5 mg mass.
The sample mass of 19.6 g contains approximately 39,216
particles, yielding a 5% RSD, using the binomial distribution
where p is the concentration of the analyte (a)) and n is the
number of particles sampled, as shown in equation 11.

Binomial RSD = ,/(1-p)/np =

J(1-0.01)/39,216 x 0.01 = 0.0498~0.05 (11)
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Table 2. Summary of Calculations for Example 1, Equal-Sized and -Shaped Particles
Mot (g) d (cm) fshane (¢ [d3 Cmax a xa(g/(ms) 1 ms (g)
1000 0.1 0.5 1 100.0 0.01 1 1 19.6
Binomial RSD
p = a() = 0.01
Mass per Particle Ps Particles in 19.6 g n = 39,216
d3fshape7\ra ms/(Ps/qcF) (Eq 1 1)
0.005 39,216 0.05
Table 3. Summary of Calculations for Example 2, Heavy Metal
Mot (q) d (cm) fshane [+ [d3 Cmax aL }\a (9/¢m3) 1 ms (q)
1000 0.005 1.0 0.55 2.3 x 106 5x 106 11.34 1.0 58.71
Table 4. Summary of Calculations for Example 4, Minimum Unit Dose Mass
Mot (g) d (cm) fshane [+ [d3 Cmax a, )ba (q/cms) 1 ms (Q)
108 0.02 0.5 0.05 33 0.01 0.33 1.0 0.00264

(See Table 2 for a summary of calculations.)

In determining the required sample mass, it is assumed
that the sample is representative of the population. Moreo-
ver, when using a single representative sample, it is as-
sumed that the uniformity of the sample mass is consistent
with the remaining population. Note that the granulometric
and liberation factors allow proportional adjustment of the
sample size, depending on the nature of the particles. The
inclusion of a liberation factor in the equation allows for
particles to exist with a proportion of the analyte residing
within every particle or a proportion thereof. The
granulometric factor permits adjustment of the sample mass
by accounting for the relationship in size between the small-
est and largest particles represented in the lot.

This approximation also can be applied to liquid suspen-
sions in which each particle is considered discrete and the
sample can be characterized with respect to size, density,
mass, and volume.

Example 2. Heavy Metal

In this example, it is assumed that the analyte is the
heavy metal lead, with a density of 11.34 g/cm3, with a
limit of not more than 5 ppm, where the shapes of the
particles are cubes (fsape = 1.0), the particles are approxi-
mately 50 um, and a 5-g sample is taken from screened
material (gcr = 0.55). On the basis of equation 3, the %RSD
is 17.7%. Using equation 5, one finds that a sample mass of
approximately 60? is needed to achieve a 5% RSD, assum-
ing that a_ is equal to the limit allowed and that the analyte
cannot be assumed to be liberated from the material (I =
1.0). (See Table 3 for a summary of calculations.)

If the sample were assumed to be homogeneous (1=0.17)
with respect to presence of the analyte with all particles,
then a sample mass of 6.2 g would be required. Moreover,
if the shape of the particles were between round and cubic
(fshape = 0.8), then a sample mass of 5 g would be required
to complete the analysis.

Example 3. Subsampling

Ideal sampling, as noted earlier, is fundamental to under-
standing the important role of subsampling. In many in-
stances it is desirable to reduce the sample size in a manner
that results in a representative sample and lessens the need
to test a large sample mass. In some cases the particle size
and compositional heterogeneity can result in an unwieldy
sample mass. This may occur with larger-sized particles or
when a composite sample of many containers is required.

Samples with larger-sized particles may need to be physi-
cally reduced.

For example, using Example 2 above, if the maximum par-
ticle size were 1000 um or 1 mm, then a 997-g sample
would be suggested by equation 3. Reducing the particle
size by grinding and subsampling to achieve a predeter-
mined sampling %RSD may require subsampling more than
once to achieve the desired particle size. For example, the
entire sample may be reduced to 100 pm to reduce the
%RSD to approximately 3%; then, with ideal sampling, a
subsample could be selected and entirely reduced to 50 pm
to achieve a 5% RSD. Finally, a 5-g subsample could be
correctlﬁ taken and tested. If certain particles have a large
size with high concentration of the analyte, then samples
should be selected to ensure that at least 1, but preferably
at least 5-6, particles would be selected with 95%
probability or chance of selection.

Example 4. Minimum Unit Dosage Mass

A formulator would like to know the minimum mass re-
quired for a dosage form to ensure with 95% confidence a
unit dosage of 1% active drug powder. The drug and the
excipient have a similar round shape (fshape = 0.5) and a
density of 0.33 g/cm3. The active drug is milled to 1T um,
but the size of excipients can be as large as 200 um. The
value for %cp is taken from equation 10 using the expected
range of the excipient that accounts for 95% of the formu-
lation, as 10 um/200 pm, or ger = 0.05. The quantity Cmax
from equation 7 is taken as 0.33/0.01. The drug particles
are completely liberated from the excipient. The batch size
is 100 kg.

A minimum sample mass of approximately 3 mg is
needed to ensure with 95% confidence (2 RSDs) that the
avera%e drug content is 0.9%-1.1%. The proposed dosage
form has an active concentration of 100 um/10 mg total
unit mass. The unit dosage form mass is adequate, but the
formulation requires that the mixing process, unit dosage
production, bulk sampling device, and lab sample prepara-
tion or subsampling from bulk samples result in equal
probability of selection of drug particles. Only if these con-
ditions for mixing, production, sampling, and testing are
met can it be reliably demonstrated that the unit dosage
and test determination acceptance criteria of 1% (0.01 ug/
mg) are met. Acceptable outcomes of such testing also indi-
cate that the particle size, shape, and density must be con-
trolled. For example, an increase in the sizes of particles to
500 um results in a need for a 42-mg sample mass and
dose. Assuming a cubic, as opposed to a rounded, particle
increases the sample mass to 5 mg, which for a fixed dos-
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Figure 6. Material process flow.

age form mass may result in less room for the variation
contributed by other characteristics, or in lesser confidence.
If the acceptance criteria were changed to 0.95%-1.05%,
requiring a 1% RSD, then the minimum sample mass would
increase to approximately 70 mg. (See Table 4 for a sum-
mary of calculations.)

APPENDIX 2: MATERIAL
CHARACTERIZATION AND SAMPLING

Specific and thorough knowledge of the material’s synthe-
sis, composition, and usage is critical to developing a bulk
material sampling plan. Material characterization is impor-
tant because bulk material can exist in many forms through-
out the material process flow. As illustrated in Figure 6, the
t)#)e of sampling can vary by process step and ultimately
affects the use of the material in the drug product. Appro-
priate material characterization considers the material pro-
cess step, the type of sampling, the objective of the process
step, and ultimately the drug product.

For example, material can be synthesized or mixed in a
large container where sampling may be limited or ideal for
the characteristic needed. If the characteristic is important
but the sampling conditions are not ideal, perhaps because
of the heterogeneity of a powder mixture, then sampling
for that characteristic may be more appropriately performed
at a different stage upstream or downstream to assess the
heterogeneity of the contents and ensure ideal sampling.
This is sometimes performed to reduce the sampling dimen-
sion. The sampling dimension is reduced when the 3 di-
mensional buIE container space is sampled in a 1 or 2 di-
mensional stream sampled over time. Reducing the spatial
sampling dimension may result in conditions that will allow
for more accurate measurement of the heterogeneity of ma-
terial while limiting sampling error through ideal sampling.

Acceptance attributes (see Table 5) depend on material
characterization and process. Acceptance attributes may be
applicable throughout the life of the bulk material. Both the
number and size of samples require an understanding of the
material’s variation.

Table 5. Examples of Acceptance Attributes

Acceptance Attributes
Micro-
Physical Chemical biological Packaging
Particle Purity Sterility Label
size pH Pyrogens accuracy
Viscosity Identity Microbial Integrity
Density Strength load
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(1111) MICROBIOLOGICAL
EXAMINATION OF NONSTERILE
PRODUCTS: ACCEPTANCE
CRITERIA FOR PHARMACEUTICAL
PREPARATIONS AND
SUBSTANCES FOR
PHARMACEUTICAL USE

The presence of certain microorganisms in nonsterile
preparations may have the potential to reduce or even inac-
tivate the therapeutic activity of the product and has a po-
tential to adversely affect the health of the patient. Manu-
facturers have therefore to ensure a low bioburden of
finished dosage forms by implementing current guidelines
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on Good Manufacturing Practice during the manufacture,
storage, and distribution of pharmaceutical preparations.

Microbial examination of nonsterile products is performed
according to the methods given in the texts on Microbial
Enumeration Tests (61) and Tests for Specified Microorganisms
(62). Acceptance criteria for nonsterile pharmaceutical prod-
ucts based upon the total aerobic microbial count (TAMC)
and the total combined yeasts and molds count (TYMC) are
given in Tables 1 and 2. Acceptance criteria are based on
individual results or on the average of replicate counts when
replicate counts are performed (e.g., direct plating
methods).

When an acceptance criterion for microbiological quality
is prescribed, it is interpreted as follows:

— 10" cfu: maximum acceptable count = 20;

— 102 cfu: maximum acceptable count = 200;

— 103 cfu: maximum acceptable count = 2000; and so

forth.

Table 1 includes a list of specified microorganisms for
which acceptance criteria are set. The list is not necessarily
exhaustive, and for a given preparation it may be necessary
to test for other microorganisms depending on the nature
of the starting materials and the manufacturing process.

If it has been shown that none of the prescribed tests will
allow valid enumeration of microorganisms at the level pre-
scribed, a validated method with a limit of detection as
close as possible to the indicated acceptance criterion is
used.

Table 1. Acceptance Criteria for Microbiological Quality of Nonsterile Dosage Forms

Total Aerobic Total Combined
Microbial Count Yeasts/Molds
(cfu/g or Count (cfu/g or
Route of Administration cfu/mL) cfu/mL) Specified Microorganism(s)

Nonaqueous preparations for oral use 103 102 Absence of Escherichia coli (1 g or 1 mL)

Aqueous preparations for oral use 102 107 Absence of Escherichia coli (1 g or 1 mL)

Rectal use 103 102 —

Oromucosal use 102 101 Absence of Staphylococcus aureus (1 g or 1 mL)

Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Gingival use 102 101 Absence of Staphylococcus aureus (1 g or 1 mL)
Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Cutaneous use 102 101 Absence of Staphylococcus aureus (1 g or 1 mL)
Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Nasal use 102 101 Absence of Staphylococcus aureus (1 g or 1 mL)
Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Auricular use 102 101 Absence of Staphylococcus aureus (1 g or 1 mL)
Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Vaginal use 102 101 Absence of Pseudomonas aeruginosa (1 g or
1 mb)
Absence of Staphylococcus aureus (1 g or 1 mL)
Absence of Candida albicans (1 g or 1 mL)

Transdermal patches (limits for one 102 107 Absence of Staphylococcus aureus (1 patch)
patch including adhesive layer and Absence of Pseudomonas aeruginosa (1 patch)
backing)

Inhalation use (special requirements ap- 102 107 Absence of Staphylococcus aureus (1 g or 1 mL)
ply to liquid preparations for nebuliza- Absence of Pseudomonas aeruginosa (1 g or
tion) 1 mL)

Absence of bile-tolerant Gram-negative bacteria
(1 gorlml)




