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AB S TRACT 

A study was performed to quantify the contributions of the 
different components comprising the total variance term observed 
following the analysis of content uniformity testing of powder 
blends and tablets. A full scale (400 kg) blend study was 
performed on a low dose tablet formulation (drug content = 
0.13%). Content uniformity samples were pulled from throughout 
the blender using a pocket type probe thief in a manner which 
allowed the blend to be assessed for both homogeneity and sample 
to sample variability at a given location. Tablets were 
compressed from the batch and assayed for content uniformity. 
Sampling error accounted for approximately 7 5 %  of the variance 
observed following analysis of drug content in the powder blends. 
The estimated total variance for the powder blend was 
approximately twice that observed for tablets compressed from the 
mixture. The analytical contribution to the total variance term 
was minor. The difference between the estimated total variance 
terms for powder blend and tablets was attributed to the superior 
sampling efficiency of the tablet press versus the sample thie€. 
The results of the study support the use of wider specifications 
for powder blends than the tablets compressed from the mixture. 

INTRODUCTION 

The demonstration of process control is critical in the 
manufacture of solid dosage forms. Extensive validation testing 
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GARCIA, ELSHEIMER, AND TARCZYNSKI 

is performed at various stages of the manufacturing process to 
show that various unit operations accomplish what they are 
purported to do. The validation of blending operations is a 
critical aspect in the manufacture of tablets. Without uniform 
blends, problems inherently arise with the drug content of the 
tablets compressed from the mixture. 

During the development and manufacture of tablet dosage 
forms, it is common for blend samples to possess greater 
variation in drug content than that observed for tablets 
compressed from the same blend. Many explanations have been 
offered for this common occurrence, ranging from sampling bias to 
mixing in the feedframe of the tablet press. Harwood and Ripley 
(1) identified various sources of error associated with thief 
probes used for sampling powders. They found that the shape of 
the thief probe tip and the physical characteristics of the 
powder to be sampled significantly affected the composition of 
the resulting sample. Carstensen and Rhodes (2) have stated that 
the use of small thieves (which retrieve blend samples equivalent 
to the weight of the dosage unit) can cause mechanical separation 
and bias the content uniformity results. Stagner, et al. (3) 
utilized a propagation of error formula to examine the effects of 
tablet weight variation, blend heterogeneity and assay 
imprecision on dose variation. 

It is critical that sampling bias be accounted for when 
setting content uniformity limits for powder blends and tablets. 
Additional factors such as analytical method variability can also 
contribute to the overall observed error. Otherwise, one takes 
the risk of performing additional (unnecessary) development work 
or rejecting an acceptable batch of product. 

The primary objective of the following study was to quantify 
the various components of the total variance observed for content 
uniformity data from low dose powder blend and tablet data. The 
total variances for both the blends and tablets were separated 
into their analytical, processing and sampling components. The 
information gathered from this analysis was then utilized to set 
meaningful specifications for powder blend and tablet content 
uniformity. Because it is a commonly recognized measure of 
homogeneity, the first stage USP Content Uniformity limits of 
85.0 - 115.0% with an %RSD value S 6% was used as a benchmark to 
define the boundaries of adequate mixing. 

METHODS 

Materials 

The formulation used to conduct the blend study contained 
the drug substance at a level of 0.13% W/W. The remaining 
components of the formulation were: Lactose Anhydrous NF, 
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EXAMINATION OF COMPONENTS OF VARIANCE 2037 

M i c r o c r y s t a l l i n e  Ce l lu lose  NF,  P r e g e l a t i n i z e d  S t a r c h  N F ,  and 
Magnesium S t e a r a t e  N F .  The s tudy was performed on a f u l l  s c a l e  
( 4 0 0  kg) ba t ch  s i z e .  

Manufacture of t h e  Powder Blend 

A premix w a s  prepared t o  d i s p e r s e  t h e  drug i n t o  a p o r t i o n  of 
t h e  M i c r o c r y s t a l l i n e  Ce l lu lose  N F  p r i o r  t o  t h e  main blending 
ope ra t ion .  The premix was manufactured i n  a high shea r  mixer 
(PharmaMatrix 150, Niro-Fielder ,  Columbia, MD) wi th  t h e  main 
impe l l e r  and g r a n u l a t o r  o p e r a t i n g  a t  low speed f o r  1 0  minutes.  
The premix and remaining e x c i p i e n t s  (with t h e  except ion of t h e  
Magnesium S t e a r a t e  N F )  w e r e  t hen  added t o  a 1338 l i t e r  b i n  (Buls 
Cube, Matcon Limited, Moreton-In-Marsh, England) i n  a manner such 
t h a t  t h e  premix was sandwiched between l a y e r s  of t h e  o t h e r  
e x c i p i e n t s .  The powders w e r e  blended f o r  a t o t a l  of 2 0  minutes 
a t  1 7  + / -  1 RPM. 

S amp 1 i n q  

Using a s i n g l e  compartment probe (pocket)  t h i e f  with a 
pointed t i p ,  t h e  powder blend was sampled ( t a r g e t  weight = 2 4 0  
mg) according t o  t h e  scheme i d e n t i f i e d  i n  Figure 1. T r i p l i c a t e  
samples were p u l l e d  from each l o c a t i o n  fol lowing 12 .5  minutes of 
mixing t o  e s t ima te  t h e  v a r i a b i l i t y  of drug con ten t  between 
m u l t i p l e  samples p u l l e d  from t h e  s a m e  l o c a t i o n .  [The t r i p l i c a t e  
samples were t aken  fol lowing 1 2 . 5  minutes of mixing, which was 
t h e  mid-point f o r  a d d i t i o n a l  work performed dur ing  t h i s  s tudy  t o  
o b t a i n  a blending p r o f i l e ,  which i s  not addressed i n  t h i s  
p u b l i c a t i o n . ]  Caution was exe rc i sed  du r ing  t h i s  sampling 
e x e r c i s e  t o  minimize blend d i s tu rbance  a t  t h e  sampling s i t e  
between r e p l i c a t e  samples. The t h i e f  was c a r e f u l l y  i n s e r t e d  
through t h e  same channel i n  t h e  bed with minimal c o n t a c t  w i th  t h e  
s i d e s  of t h e  c a v i t y  t o  a cons t an t  depth a t  each l o c a t i o n .  The 
samples w e r e  p u l l e d  from t h e  t o p  l e v e l s  f i r s t ,  t o  minimize bed 
d i s tu rbance  i n  t h e  lower regions of t h e  blender  p r i o r  t o  t h e i r  
sampling. Each sample was placed i n t o  a prewieghed numbered 
c e n t r i f u g e  tube .  The m a t e r i a l  was then  mixed f o r  a n  a d d i t i o n a l  
7 . 5  minutes ( t o t a l  mixing t i m e  = 20 minu tes ) .  Another set  of 
samples were p u l l e d  from t h e  blend (1 s a m p l e / l o c a t i o n ) ,  t o  
determine t h e  degree of blend homogeneity. A l l  samples were 
analyzed us ing  an HPLC assay,  and t h e  q u a n t i t y  of drug substance 
was normalized t o  t h e  t a r g e t  weight and r epor t ed  as pe rcen t  l a b e l  
c la im.  

Compression of t h e  Powder Blend 

Af te r  t h e  blend samples were taken, Magnesium S t e a r a t e  N F  
was added and t h e  blend mixed f o r  an a d d i t i o n a l  2 minutes .  The 
powder blend was then  discharged d i r e c t l y  from t h e  blender  t o  a 
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GARCIA, ELSHEIMER, AND TARCZYNSKI 

2 

3 

L e v e l  1 
( T o p )  

L e v e l  2 
( U p p e r  Middle) 

L 
L e v e l  3 L e v e l  4 

(Lower Middle) (Bottom) 

Figure 1 

r o t a r y  t a b l e t  p r e s s  (Courtoy R-200, Courtoy N.V.  , Halle, Belgium) 
f o r  compression. A t o t a l  of 30 t a b l e t s  were sampled throughout 
t h e  compression run and t e s t e d  f o r  content  un i fo rmi ty  us ing  t h e  
HPLC a s say .  The q u a n t i t y  of drug substance i n  each t a b l e t  w a s  
normalized t o  t h e  t a r g e t  t a b l e t  weight and r e p o r t e d  as pe rcen t  
l a b e l  c l a i m .  

P repa ra t ion  of A n a l y t i c a l  Standard Samples 

A mixture of t h e  e x c i p i e n t s  w a s  prepared us ing  t h e  same 
p ropor t ions  a s  t hose  u t i l i z e d  f o r  t h e  powder blend.  Nine samples 
of t h e  e x c i p i e n t  blend w e r e  weighed i n t o  v i a l s  ( t a r g e t  weight = 
2 4 0  mg). A q u a n t i t y  of drug substance w a s  d i s so lved  i n  t h e  
mobile phase u t i l i z e d  i n  t h e  HPLC a n a l y t i c a l  a s say .  A s u f f i c i e n t  
volume of t h i s  s o l u t i o n  ( equ iva len t  t o  t h e  t a b l e t  dose)  was 
p i p e t t e d  i n t o  t h e  v i a l s  con ta in ing  t h e  e x c i p i e n t  blend.  [The 
s m a l l  volume of mobile phase used t o  add t h e  drug t o  t h e  
e x c i p i e n t s  d i d  not s i g n i f i c a n t l y  a l t e r  t h e  concen t r a t ion  of  t h e  
drug substance i n  t h e  a n a l y t i c a l  sample fol lowing subsequent 
d i s s o l u t i o n  with a d d i t i o n a l  mobile phase . ]  The samples w e r e  
assayed according t o  t h e  s a m e  HPLC method u t i l i z e d  f o r  t h e  blend 
and t a b l e t  samples. 

RESULTS AND DISCUSSION 

Assumptions Made f o r  t h e  Blend Study 

To o b t a i n  e s t i m a t e s  of t h e  va r ious  components of  e r r o r ,  two 
assumptions w e r e  made t o  perform t h e  a n a l y s i s :  
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EXAMINATION OF COMPONENTS OF VARIANCE 2039 

1. The concen t r a t ion  of drug a t  a given l o c a t i o n  w a s  cons t an t  
f o r  each of t h e  t r i p l i c a t e  samples ( t aken  fo l lowing  12.5 
minutes of blending)  and was not a f f e c t e d  by t h e  r e p e t i t i v e  
i n s e r t i o n  of t h e  t h i e f  t o  t h e  sampling l o c a t i o n .  

2.  The degree of homogeneity i n  t h e  blend w a s  not 
s i g n i f i c a n t l y  a l t e r e d  du r ing  t h e  l u b r i c a t i o n  s t e p ,  as t h e  
b l ende r  w a s  d ischarged o r  i n  t h e  t a b l e t  p r e s s  f eed  frame. 
Therefore,  t h e  powder blend and t a b l e t s  possessed t h e  same 
degree of drug homogeneity. 

V a r i a b i l i t y  of Samples Taken From t h e  Same Location 

Table 1 c o n t a i n s  t h e  drug content  va lues  f o r  t r i p l i c a t e  
samples t aken  from t h e  same l o c a t i o n  fol lowing 12.5 minutes of 
blending.  The f a c t  t h a t  t h e s e  samples w e r e  t aken  p r i o r  t o  t h e  
conclusion of t h e  i n i t i a l  blend does not a f f e c t  t h e  
i n t e r p r e t a t i o n  of  t h e i r  r e s u l t s .  The primary purpose of t h e  
samples was t o  q u a n t i f y  t h e  degree of drug con ten t  v a r i a b i l i t y  i n  
m u l t i p l e  samples taken from t h e  s a m e  l o c a t i o n ,  not t o  assess t h e  
homogeneity of t h e  bulk blend throughout t h e  mixer.  

I f  one assumes t h a t  t h e  blend i s  uniform i n  t h e  immediate 
r eg ion  i n  which t h e  samples a r e  taken,  t h e  va lues  ob ta ined  f o r  
each of t h e  t r i p l i c a t e  samples should be t h e  s a m e .  The least  
amount of v a r i a b i l i t y  occurred a t  l o c a t i o n  #1 (range = 96.0 - 
97.4% l a b e l  claim, RSD = 1 . 8 9 % ) ,  while  t h e  g r e a t e s t  v a r i a b i l i t y  
occurred f o r  samples t aken  from l o c a t i o n  #9 (101 .5  - 1 1 4 . 7 %  l a b e l  
c l a i m ,  RSD = 16 .70%) .  

A va lue  s l i g h t l y  i n  excess  of 115% was observed f o r  t h e  
t h i r d  sample t aken  from l o c a t i o n  #7 (115.4% l a b e l  c l a i m ) .  This  
could be a cause of concern r ega rd ing  t h e  adequacy of t h e  
blending process ,  e s p e c i a l l y  i f  a c r i t e r i o n  such as  t h e  USP 
Content Uniformity T e s t  w a s  a p p l i e d  s o l e l y  t o  t h e  t h i r d  set  of 
blend samples. However, t h e  s i g n i f i c a n c e  of t h e  high r e s u l t  
becomes unc lea r  i n  t h e  context  of t h e  remaining two samples t aken  
a t  t h a t  s a m e  l o c a t i o n  (which had drug con ten t  va lues  of 102.7 and 
108.8% l a b e l  c l a i m ) .  I f  t h e  assumption t h a t  blend homogeneity i n  
t h e  immediate sampling a r e a  i s  v a l i d ,  t h e  v a r i a b i l i t y  i n  t h e  drug 
va lues  i s  hypothesized t o  be due t o  sampling e r r o r .  

I f  t h e  r e p l i c a t e  samples a r e  b i a sed  i n  any way due t o  t h e  
r e p e t i t i v e  i n s e r t i o n  of t h e  sample t h i e f  i n t o  t h e  blend, 
d i f f e r e n t  va lues  could be expected f o r  each sample. For example, 
i f  t h e  probe c o n t a c t s  t h e  s i d e  of t h e  o r i g i n a l  channel when it i s  
i n s e r t e d  for r e p l i c a t e  samples, powder w i l l  be d i sp l aced  i n t o  t h e  
sampling l o c a t i o n .  The chance of t h i s  phenomenon i n c r e a s e s  as 
t h e  d i s t a n c e  t o  reach t h e  sampling l o c a t i o n  i n c r e a s e s .  [Note t h e  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2040 GARCIA, ELSHEIMER, AND TARCZYNSKI 

TABLE 1 

Variability in Drug Content for Multiple Samples Taken 
from the Same Location After 12.5 Minutes of Blending 

4 10 107-1 104.8 103.4 105.1 1.78 

larger degree of variability for samples pulled from lower levels 
in Table 1.1 Therefore, to avoid biasing the sampling error 
term, the sampling component of the total variance was estimated 
only using the data obtained from the top two levels in the 
blender. 

Evaluation of Components of Experimental Error 

Equation Lexpresses the total variance as a function of its 
analytical, processing and sampling components: 

(1) Gt2 = Gp2 + Gs2 + G, 2 

where: ot2 = total variance for the powder blend 

oP2 = variance due to processing 
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EXAMINATION OF COMPONENTS OF VARIANCE 2041 

bs2 = variance due to sampling 

aaL = variance due to analytical methods 

Estimates of the respective variance terms (Oi2) were 
obtained from their corresponding sample standard deviations 
resulting from statistical analysis of the data. 
estimate of oil si2 estimates oi2. In addition, by taking the 
square roots of the estimates of variance, each component's 
variability can be expressed in terms of standard deviation of 
percent label claim. 

(si) 
Since si is an 

Each variance is composed of its own constituent components. 
For example, the analytical variance contains ruggedness (sample 
preparation) and precision (instrumentation) components. Table 2 
summarizes the distribution of the blend data prior to 
lubrication. The total variance (at2) was obtained from the 
estimate of variance of the blend data. The combined sampling 
and analytical variances (as2 t Oa2) were estimated from the 
triplicate blend samples pulled from each location. 

The analytical variance was estimated from the assays of the 
standard samples (Table 3). This value was then subtracted from 
the estimate of the combined sampling and analytical variances to 
obtain an estimate of the sampling variance. Processing 
variance, which is a measure of the degree of heterogeneity of 
the drug substance in the powder blend was calculated by 
subtraction using Equation 1. 

The estimated total variance for the blend study following 
20 minutes of blending was 12.28%. The pooled estimate of 
sampling and analytical variances was 9 . 3 6 % ,  while the analysis 
of the standard samples indicated that the analytical component 
of the total variance was 0.13%. Therefore, approximately 75% Of 
the estimated total variance term (9.23%) was due to sampling. 
By subtraction (from Equation l), the estimated variance in drug 
content between locations (0 2 ,  was 2.92%. P 

Comparison of Blend and Tablet Content Uniformity 

The final portion of the study involved compressing the 
powder blend and determining the content uniformity of the 
resulting tablets. The overall variance for drug content from 
the tablet data is expressed by Equation 2. 

where: = total variance of the tablets 

bp2 = variance due to processing 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2042 GARCIA, ELSHEIMER, AND TARCZYNSKI 

Mean ( %  l abe l )  

Minimum Value  ( %  l abe l )  

TABLE 2 

9 9 . 3  

94 .0  

Summary of Drug C o n t e n t  i n  Blend  Samples  A f t e r  20 min of B l e n d i n g  

Number of Samples  1 0  

M a x i m u m  Value  ( %  l abe l )  1 0 6 . 5  "1 

Number of Samples  

I 12.28  I 

9 

TABLE 3 

Summary of Drug C o n t e n t s  for S t a n d a r d  Blend  Samples  

I Mean ( %  l abe l )  I 98.77 I 
I Minimum Value  ( %  l abe l )  I 98.42  1 
I I 

1 Maximum V a l u e  ( %  l abe l )  I 99.59  I 
I % RSD I 0 . 3 7  I 

I 0.13 I 

03*2 = v a r i a n c e  d u e  t o  s a m p l i n g  (& the press) 
d u r i n g  c o m p r e s s i o n  

oa2 = v a r i a n c e  due  t o  a n a l y t i c a l  methods  

E q u a t i o n  2 i s  e q u i v a l e n t  t o  E q u a t i o n  1 w i t h  t w o  e x c e p t i o n s .  
The t o t a l  v a r i a n c e  t e r m  (Gt*') a d d r e s s e s  t h e  t o t a l  v a r i a b i l i t y  
o b s e r v e d  for t h e  t a b l e t s ,  w h i l e  t h e  s a m p l i n g  component t e r m  
( o , * ~ )  r e p r e s e n t s  t h e  v a r i a t i o n  i n  t h e  t a b l e t  p r e s s  r a t h e r  t h a n  
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EXAMINATION OF COMPONENTS OF VARIANCE 2043 

the sample thief (since an individual tablet is the sample). The 
HPLC method used to quantify the drug content of the tablets was 
the same as that used for the powder blend, so the value of oa2 
(0.13%) did not change. Processing variance was also assumed to 
be the same for the powder blend and tablets (2.92%). This 
assumption implies that the contributions of the mixing actions 
during the 2 minute lubrication step did not alter the overall 
homogeneity of the powder blend prior to compression. Previous 
product experience supports this assumption since comparable %RSD 
values have been obtained for blends prior to and after 
lubrication. This assumption also implies that neither mixing 
nor segregation occurred as the blender was discharged (onto the 
press) or within the feedframe, both of which are theoretically 
possible and could affect product homogeneity. 

Table 4 summarizes the distribution of the content 
uniformity data for tablets. The estimated total variance for 
the tablets (bt* ) is 6.10%. This term demonstrates that the 
drug content values for the tablets were less variable than those 
observed for the blends. By subtracting the estimated values for 
oa2 and 0 
total variance for the tablets (Equation 2 ) ,  the estimated 
sampling variance for the tablet press ((Ts* ) was 3.05%. 

2 

obtained in the blend analysis from the estimated P 
2 

If the tablet press was a perfect sampling device, the value 
of oSx2 would be zero (since the sampling actions of the press 
would not introduce any error) and (T (for the tablets) would 
be equivalent to the sum of ap2 t o>*(or 2.90%). Although it is 
not perfect, comparison of 6s*2 (3.05%) and 0,' (9.23%) imply 
that the tablet press is a much more efficient sampling device 
than the thief used to determine blend content uniformity. 

Additional factors could contribute to the observed 
differences between the sampling efficiencies of the thief and 
press. Violations of the assumptions that no additional mixing 
occurs as the Buls cube is emptied or in the feed frame of the 
press could lower the value of bP . 

2 inaccurate and additional mixing does occur, the estimate of (T 

obtained in the above analysis would be inflated. Since (TS*' ?s 
obtained by subtraction (using Equation Z ) ,  its calculated value 
would be conservative due to the lower contribution of OP2 to the 
total variance term. Therefore, the actual difference between 
the blend and tablet sampling error could be less than that 
reported. Regardless of the accuracy of the previous assumption 
and the magnitude of the various components of the variance, the 
total variance term for the tablets (6.10%) was still less than 
the sampling component alone for the blend analysis (9.23%). 

2 If this assumption was 

The difference between the estimated blend and tablet 
variances was 6.18%. The majority of this difference is 
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TABLE 4 

Summary of Drug Content i n  Tab le t s  

I I 1 I Mean ( %  l a b e l )  I 98.8 I 
[ Minimum Value ( %  l a b e l )  I 93.5 I 
[ Maximum Value ( %  l a b e l )  I 103.6 I 
1 % RSD 1 2 . 4 9  I 

1 Number of Samples I 3o I 

a t t r i b u t e d  t o  sampling e r r o r .  For t h e  v a l i d a t i o n  of t h e  product 
and manufacturing process ,  t h i s  d i f f e r e n c e  j u s t i f i e s  having a 
broader s p e c i f i c a t i o n  ( c o r r e l a t i n g  t o  an a d d i t i o n a l  v a r i a n c e  of 
6.18%) f o r  powder blends compared t o  t h a t  imposed on t h e  t a b l e t s .  

Recent r e g u l a t o r y  s t a n c e s  have suggested t h e  u s e  of t i g h t e r  
l i m i t s  f o r  powder blends than  t a b l e t s .  The r a t i o n a l e  i s  t h a t  
subsequent m a t e r i a l  t r a n s f e r s  of t h e  blend may produce 
seg rega t ion  and demixing. However, t h i s  s t ance  ignores  sampling 
e r r o r  which has been shown t o  be a g r e a t e r  source of v a r i a b i l i t y  
on t h e  blend uniformity r e s u l t s  t h a n  t h a t  produced by m a t e r i a l  
t r a n s f e r s  ( f o r  t h i s  p r o d u c t ) .  The above a n a l y s i s  q u a n t i f y i n g  t h e  
components of va r i ance  j u s t i f i e s  broader l i m i t s  f o r  powder blends 
than  f o r  t a b l e t s .  Depending on t h e  a c t i v e  i n g r e d i e n t  
concen t r a t ion  and t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of a p a r t i c u l a r  
formulat ion,  t h e  magnitude of t h e  sampling e r r o r  can be expected 
t o  vary from product t o  product  and should be t aken  i n t o  account 
du r ing  development and v a l i d a t i o n  a c t i v i t i e s .  

CONCLUSIONS 

1. The range f o r  drug con ten t  v a r i e d  by as much as 13% f o r  
t r i p l i c a t e  samples p u l l e d  from a s i n g l e  l o c a t i o n  i n  t h e  
b l ende r .  

2 .  The e s t ima ted  t o t a l  va r i ance  (experimental  e r r o r )  f o r  t h e  
con ten t  uniformity of t h e  powder blend w a s  s p l i t  i n t o  i t s  
a n a l y t i c a l ,  sampling and p rocess ing  components. The estimated 
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sampling va r i ance  was 9.23%, while t h e  e s t ima ted  a n a l y t i c a l  
and p rocess ing  va r i ances  were 0.13% and 2.92%, r e s p e c t i v e l y .  
This  a n a l y s i s  demonstrates t h a t  s i g n i f i c a n t  e r r o r s  a r e  
in t roduced  i n t o  t h e  blend content  uniformity r e s u l t s  through 
t h e  u s e  of pocket t ype  probe t h i e f s .  

3 .  T a b l e t s  compressed from t h e  blend s tudy m a t e r i a l  had a t o t a l  
va r i ance  of 6.10%, ver sus  12.28% f o r  t h e  powder blend.  This 
d i f f e r e n c e  w a s  a t t r i b u t e d  t o  t h e  sma l l e r  sampling va r i ance  f o r  
t h e  t a b l e t  p r e s s  ( 3 . 0 5 % )  compared t o  t h e  t h i e f  used t o  sample 
t h e  blend ( 9 . 2 3 % ) .  Therefore,  t h e  t a b l e t  p r e s s  i s  
demonstrated t o  be s u p e r i o r  t o  t h e  t h i e f  as  a sampling dev ice .  
Broader l i m i t s  f o r  blend samples (compared t o  t h o s e  imposed 
for t a b l e t s )  a r e  j u s t i f i e d .  

4 .  During p rocess  development, i t  i s  adv i sab le  t o  determine blend 
sampling e r r o r s  p r i o r  t o  s e t t i n g  s p e c i f i c a t i o n s  and 
p rogres s ing  t o  commercial v a l i d a t i o n .  
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