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SUMMARY 

Concern ove r  t h e  r e c e n t  i n t r o d u c t i o n  o f  l i m i t s  f o r  a l l o w a b l e  p a r t i c u l a t e  

con tamina t ion  i n  smal l  vo lune  p a r e n t e r a l s  by t h e  U n i t e d  S ta tes  Pharmacopeia 

X X I  has drawn a t t e n t i o n  t o  t h e  phys i cs  o f  systems c o n t a i n i n g  sma l l  numbers o f  

p a r t i c l e s  o f  v a r y i n g  (random) s i z e  and random i d e n t i t y  d i spe rsed  i n  an aqueous 

mediun. 

c h a r a c t e r i s t i c a l l y  c o n s i s t s  o f  l a r g e  numbers o f  smal l  p a r t i c l e s  and r e l a t i v e l y  

I n  genera l ,  a s i z e  d i s t r i b u t i o n  o f  p a r e n t e r a l  p a r t i c u l a t e  

193 
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1 9 4  GROVES A N D  WONG 

few p a r t i c l e s  a t  l a r g e r  s i zes .  I n  p a r e n t e r a l  s o l u t i o n s ,  t h e  s i z e  d i s t r i b u t i o n s  

found tend  t o  f i t  a l i n e a r  power law cu rve  o f  t h e  t y p e  

I n  N = C - M I n  D 

where N = cumu la t i ve  number o f  p a r t i c l e s / u n i t  volume a t  s i z e  t h r e s h o l d  0, M i s  

t h e  s lope o f  t h e  d i s t r i b u t i o n  and C i s  a cons tan t .  A n u n e r i c a l  i ndex  o f  

con taminat ion  can be o b t a i n e d  by i n t e g r a t i n g  t h i s  cu rve  between l i m i t s ,  

e f f e c t i v e l y  an area under t h e  curve ,  AUC. 

The l i m i t s  a r e  d e f i n e d  as t h e  number o f  p a r t i c l e s / u n i t  volume (mL) a t  a 

s i z e  o f  l .Opm,  and t h e  s i z e  a t  which t h e  coun t  f a l l s  t o  1 p e r  mL. By simple 

geometry, t h e  area  o f  a t r i a n s l e ,  

AUC = 1 / 2 [ ( l n  N l a o )  X (lnOlmo): 

Use o f  t h i s  AUC i s  i l l u s t r a t e d  by examples taken  from t h e  l i t e r a t u r e ,  

exper imenta l  da ta  genera ted  f o r  t h e  purpose and a r c h i v e d  q u a l i t y  c o n t r o l  

da ta .  D i f f e r e n c e s  on t h e  same m a t e r i a l s  examined by d i f f e r e n t  i n s t r u m e n t a l  

p r i n c i p l e s  may be exp la ined  by shape f a c t o r s  i n e v i t a b l y  i n v o l v e d  when 

ana lyz ing  samples contaminated  w i t h  random i d e n t i t y  p a r t i c u l a t e .  

p rov ide  a t o o l  f o r  e x p l o r i n g  t h i s  f e a t u r e  o f  p a r e n t e r a l  s o l u t i o n s .  

i n i t i a l  exper imenta l  e v a l u a t i o n s  o f  t h e  concept a r e  p rov ided.  

The AUC may 

Same 

INTRODUCTION 

I ns t rumen ta l  methods f o r  t h e  o b j e c t i v e  d e t e r m i n a t i o n  o f  suspended 

p a r t i c u l a t e  m a t t e r  i n  p a r e n t e r a l  s o l u t i o n s  were i n t r o d u c e d  i n  t h e  1973 B r i t i s h  

Pharmacopoeia f o l l o w i n g  e a r l i e r  i n v e s t i g a t i o n s  u s i n g  t h e  C o u l t e r  C ~ u n t e r l - ~ .  

As exper ience developed, i t  became e v i d e n t  t h a t  d i f f e r e n t  r e s u l t s  c o u l d  be 

ob ta ined on t h e  same s o l u t i o n  accord ing  t o  t h e  method o f  d e t e r m i n a t i o n  . 
The nex t  e d i t i o n  o f  t h e  B.P. recogn ized t h i s  e f f e c t  by s p e c i f y i n g  d i f f e r e n t  

l i m i t s  by C o u l t e r  Counter o r  t h e  H I A C  l i g h t  b lockage method. 

i n t r o d u c t i o n  o f  a smal l  volume p a r e n t e r a l  l i m i t  t e s t  on a l l o w a b l e  p a r t i c u l a t e  

m a t t e r  i n  t h e  USP X X I  has caused some con t rove rsy6  b u t  i s  based on t h e  use 

o f  t h e  H I A C  i ns t rumen t .  

7 

The r e c e n t  

The present  campendial s i t u a t i o r ,  would j u s t i f y  a 
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 195  

re -examina t ion  o f  t h e  u n d e r l y i n g  p h y s i c a l  s i t u a t i o n  t o  be  found i n  most 

p a r e n t e r a l  s o l u t i o n s  s i n c e  i t  i s  unique. 

Pharmaceu t i ca l l y ,  s o l u t i o n s  i n tended  f o r  p a r e n t e r a l  a d m i n i s t r a t i o n  a r e  

c h a r a c t e r i s t i c a l l y  r e p e a t e d l y  passed th rough  f i l t e r s ,  u s u a l l y  mambranes w i t h  

po re  s i z e s  o f  0.4 pm o r  l e s s .  

t ho rough ly  t o  remove p a r t i c u l a t e  and t h e  f i l l i n g  p rocess  i s  designed t o  

m in im ize  p a r t i c u l a t e  con tamina t ion .  

con tamina t ion  does occu r  t h e  purpose o f  a Good Manu fac tu r ing  Procedure i s  t o  

ensure t h a t  t h e  con tamina t ion  i s  m in ima l .  

I n  a d d i t i o n ,  c o n t a i n e r s  and s e a l s  a r e  washed 

A l though  i n t r i n s i c  and e x t r i n s i c  

P h y s i c a l l y  i n s o l u b l e  p a r t i c u l a t e  m a t t e r ,  con tamina t ion ,  i n  p a r e n t e r a l s  i s  

c h a r a c t e r i z e d  by l a r g e  numbers o f  p a r t i c l e s  a t  smal l  s i z e  th resho lds  and low  

numbers a t  l a r g e r  s i zes .  

e lsewhere 

T h i s  s i t u a t i o n  has been e x t e n s i v e l y  rev iewed 

8 b u t  t h e  s i z e  d i s t r i b u t i o n  encountered e x p e r i m e n t a l l y  i s  a power 

equa t ion  i n  t h e  fo rm 

I n  N 

where N i s  t h e  

t h r e s h o l d  o f  D 

v a l i d i t y  o f  t h  

= C - M I n  D 

c u n u l a t i v e  number o f  p a r t i c l e s  p e r  u n i t  volume a t  a s i z e  

M i s  t h e  s lope o f  t h e  d i s t r i b u t i o n  and C i s  a cons tan t .  The 

Equa t ion  (1 )  

s approach has been amply con f i rmed  by others3- '* .  

Bo th  t h e  B r i t i s h  and U n i t e d  S ta tes  Phannacopeias d e f i n e  l i m i t s  on 

a l l o w a b l e  p a r t i c u l a t e  by s p e c i f y i n g  a l l o w a b l e  numbers o f  p a r t i c l e s  a t  each o f  

two s i z e  th resho lds .  

t h e  c a l i b r a t i o n  procedures  used f o r  t h e  de te rm ina t ions .  

e x t r a p o l a t i o n  procedures  s ince  c a l i b r a t i o n  s tandard  re fe rence  m a t e r i a l s  a re  

n o t  a v a i l a b l e  a t  e x a c t l y  t h e  t h r e s h o l d s  s p e c i f i e d  by t h e  r e s p e c t i v e  compendia. 

These depend c r i t i c a l l y  on t h e  accuracy and p r e c i s i o n  o f  

They a l s o  i n v o l v e  

There a re  l i k e l y  t o  be some advantages t o  be  ga ined by reduc ing  a complex 

m u l t i p o i n t  a n a l y s i s  t o  a s imp le  n m e r i c a l  index ,  p r o v i d i n g  t h a t  t h e  i n d e x  was 

based on an unders tand ing  o f  t h e  r e a l i t i e s  o f  t h e  s i t u a t i o n .  I n  t h e  event  
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GROVES AND WONG 1 9 6  

o t h e r ,  more s u b t l e ,  advantages may a l s o  be gained, as we hope t o  demonstrate 

i n  t h i s  p resen t  communication. 

A t tempts  t o  p r o v i d e  s u i t a b l e  i n d i c e s  o f  con tamina t ion  have been desc r ibed  

i n  t h e  l i t e r a t u r e  7D8310s12 and a r e  a l l  based on some form o f  t r a n s f o r m a t i o n  

o f  t h e  l o g  l o g  d i s t r i b u t i o n  p l o t  desc r ibed  by e q u a t i o n  1. 

CALCULATION OF AN AUC 

A l o g  l o g  p l o t  has sane i n t e r e s t i n g  concep t iona l  problems s ince ,  on a 

C a r t e s i a n  c o o r d i n a t e  system, i t  i s  i n f i n i t e  i n  any d i r e c t i o n  and has no 

i n t e r c e p t s .  I n t e r c e p t s  may be a r b i t r a r i l y  d e f i n e d  and, f o r  p r a c t i c a l  purposes 

we have r e c e n t l y 1 3  suggested t h a t  two subset axes may be d e f i n e d  by choosing 

X = I n  (N=l/mLl and Y = I n  ( D = l p m ) .  Logar i thms t o  any base may be used and we 

have employed n a t u r a l  l oga r i t hms ,  base ( e ) ,  here.  

now fo rm t r u e  C a r t e s i a n  c o o r d i n a t e s  and numbers i n  t h e  quadrant  can be 

regarded as r e a l .  

and D = l p m  i s  t h e  area o f  t h e  t r i a n g l e  under t h e  curve, AUC, between these 

l i m i t s ,  c a l c u l a t e d  by 

Since I n  1 = 0, these axes 

An i n t e g r a l  o f  a l o g  l o g  p l o t  between t h e  l i m i t s  N = l/mL 

AUC = 1 /2  [ ( l n  NleoI X ( I n  D1.,)l Equat ion  ( 2 )  

where N1.O i s  t h e  cumu la t i ve  number o f  pa r t i c l es /mL  a t  a s i z e  t h r e s h o l d  o f  

l.Opm and D1.O i s  t h e  p a r t i c l e  s i z e  t h r e s h c l d  a t  which t h e  cumu la t i ve  coun t  

f a l l s  t o  l/mL.12 The va lues  o f  t I l e 0  and O l e o  a r e  r e a d i l y  c a l c u l a t e d  by 

s tandard  s t a t i s t i c a l  methodology, i n s e r t i n g  averaged exper imenta l  counts  a t  

known s i z e  t h r e s h o l d s  u s i n g  t h e  r e l a t i o n s h i p  y = c - mx. 

two. p r e f e r a b l y  more, t h r e s h o l d s  a r e  r e q u i r e d  t o  e s t a b l i s h  t h e  parameters o f  

t h e  l i n e ,  b u t  i t  shou ld  be no ted  t h a t  i t  i s  n o t  necessary t o  de termine counts  

a t  t h e  t h r e s h o l d s  s p e c i f i e d  by t h e  pharmacopeial  t e s t  methods. 

a r e  de termined by t h e  need f o r  accuracy and p r e c i s i o n  o f  t h e  method and t h e  

t e s t  m a t e r i a l s .  

o f  t h e  i n s t r u m e n t  cor respond ing  t o  t h e  s tandard  re fe rence  m a t e r i a l s .  

shou ld  a l s o  be no ted  t h a t  an e s t i m a t e  o f  "goodness o f  f i t "  t o  a l o g  l o g  p l o t  

C l e a r l y  a t  l e a s t  

The c r i t e r i a  

I d e a l l y  t h e  coun ts  can be determined by u s i n g  t h e  t h r e s h o l d s  

It 
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 197 

i s  ob ta ined  as a c o r r e l a t i o n  c o e f f i c i e n t .  

o f  t h e  n a t u r e  o f  t h e  con tamina t ion  . 
T h i s  may be a v a l u a b l e  i n d i c a t i o n  

13 

The c a l c u l a t i o n s  a r e  r e a d i l y  made u s i n g  most handheld s c i e n t i f i c  

c a l c u l a t o r s .  D i f f e r e n t  r e s u l t s  w i l l  be ob ta ined  when us ing  l o g a r i t h m s  t o  

d i f f e r e n t  bases. 

13 T h i s  concept  i s  d iscussed i n  more d e t a i l  e lsewhere . 

PHARMACOPEIAL LIMITING AUC’S 

The c o u n t / u n i t  volume p a r t i c u l a t e  l i m i t  t e s t  used i n  t h e  B r i t i s h  

Pharmacopoeia 1980 cor respond t o  AUC’s o f  14.89 when de termined by C o u l t e r  

Counter o r  14.44 i f  measured u s i n g  t h e  HIAC/F?oyco i n s t r u n e n t .  T h i s  may seem 

t o  be i n  reasonab le  agreement a l though,  as no ted  l a t e r ,  t h e  agreement may be 

c o i n c i d e n t a l .  

The USP X X I  uses t h e  concept  o f  l i m i t i n g  t h e  a l l owab le  counts  p e r  

c o n t a i n e r  f i l l  volume. I n  t h i s  case, t h e  l i m i t i n g  AUC w i l l  be a f u n c t i o n  o f  

t h e  f i l l  volume. R e s u l t s  c a l c u l a t e d  o v e r  t h e  range 1 - 100 mL, Tab le  One, 

show t h a t  t h e  r e l a t i o n s h i p  between l i m i t i n g  AUC ( Y )  and c o n t a i n e r  f i l l  volume 

( X )  i s  approximated by 

I n  Y = 3.82 - 0.16 I n  X 

The AUC c o u l d  be used d i r e c t l y  as a number o r ,  f o l l o w i n g  t h e  genera? 

sugges t ion  by Muhlen”, as a percentage o f  t h e  a l l owab le  l i m i t .  

have t h e  e f f e c t  o f  removing t h e  d i f f e r e n c e s  due t o  c o n t a i n e r  f i l l  volume. 

T h i s  would 

EXPER I MENTAL METHODOLOGY 

Data was genera ted  f o r  t h e  purpose o f  e v a l u a t i o n  o f  t h e  AUC’s o f  standard 

pharmacopeial  p a r e n t e r a l  s o l u t i o n s .  Ins t ruments  used were 

( i )  Spec t rex  P r o t o t r o n ,  Model I L I  1000 l a s e r  p a r t i c l e  coun te r  

f i t t e d  w i t h  computer and smal l  v i a l  at tachment.  
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1 9 8  GROVES A N D  WONG 

TABLE ONE: THE LIMITING AUC's CALCULATED FOR 

VARIOUS SIZES OF CONTAINER FILL ,  BASED ON THE USP XXX 

LIMITS OF NOT MORE THAN 10,000 PARTICLES AT lOum 

AN0 1000 PARTICLES AT 25pm PER CONTAINER 

Con ta ine r  vol m e  

(mL) 

1 

2 

5 

10 

20 

25 

50 

100 

f i t s  I n  Y = 3.819 - 0.158 I n  X 

Y = AUC 

L i m i t i n g  

AUC 

44.75 

40.71 

35.66 

32.06 

28.66 

27.60 

24.45 

21 - 4 9  

X = c o n t a i n e r  f i l l  volume 

c o r r e l a t i o n  c o e f f i c i e n t  0.999 

( i i )  HIACIRoyco Counter,  Model 4103 f i t t e d  w i t h  a HR-120 STD Sensor 

and opera ted  i n  accordance w i t h  t h e  USP X X I  monoGraph 

d e s c r i p t i o n  as m o d i f i e d  i n  Pharmacopeial Forum. 

I n  a d d i t i o n ,  d a t a  p u b l i s h e d  i n  t h e  l i t e r a t u r e  were r e c a l c u l a t e d ,  i n  p a r t i c u l a r  

t h e  i n v a l u a b l e  compara t ive  i n f o r m a t i o n  presented  by T a y l o r  and Spence . 
F i n a l l y ,  some r o u t i n e  q u a l i t y  c o n t r o l  d a t a  ob ta ined d u r i n g  r e g u l a r  p r o d u c t i o n  

o f  d i f f e r e n t  p roduc t  codes were k i n d l y  p rov ided  t o  us by a manufac turer  who 

w ishes  t o  p rese rve  anonymity.  

9 
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 

EXPERIMENTAL DATA 

199  

A comparison o f  AUC's o b t a i n e d  on g l a s s  ampoules frm a l o t  o f  s o d i m  

b i c a r b o n a t e  i n j e c t i o n  USP a r e  shown i n  Tab le  Two and da ta  ob ta ined  on produc ts  

u s i n g  t h e  USP X X I  H I A C  method i n  Tables Three and Four.  

t h a t  s i z e  d i s t r i b u t i o n s  can be  measured t h a t  approximate t o  l i n e a r  l o g  l o g  

p l o t s ,  d e f i n e d  by a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.90 o r  b e t t e r .  

These da ta  i n d i c a t e  

DATA COMPARING HIAC AND COULTER METHODS 

The e a r l i e s t  compara t ive  i n v e s t i g a t i o n  o f  C o u l t e r  and H I A C  methods was 

t h a t  o f  Groves and Wana'. 

d i f f e r e n t  pararnaters o f  t h e  suspended p a r t i c l e s .  The Cou l te r  e f f e c t i v e l y  

r e p o r t s  t h e  s i z e  as t h e  d iamete r  o f  a sphere o f  e q u i v a l e n t  volume and i s ,  

t h e r e f o r e ,  r e l a t i v e l y  u n a f f e c t e d  by t h e  shape o f  t h e  p a r t i c l e  and e s p e c i a l l y  

t h e  o r i e n t a t i o n .  

shown i n  Tab le  F i v e  i n d i c a t e d  an AUC r a t i o  Cou1ter:HIAC of 1.17. 

I t  was p o i n t e d  ou t  t h a t  t h e  two methods measured 

Tak ing  t h e  da ta  o f  F i g  2 i n  Groves and Wana, t h e  c a l c u l a t i o n s  

We have examined q u a l i t y  c o n t r o l  da ta  p rov ided  by a p roducer  o f  p a r e n t e r a l  

p roduc ts  t h a t  had been measured by b o t h  t ypes  o f  i n s t r u n e n t .  

p o i n t ,  t h e  produc ts ,  ope ra to rs .  l a b o r a t o r i e s  and ins t rumen ts  were a l l  

d i f f e r e n t ,  i n  e f f e c t  a t y p e  o f  d a t a  randomizat ion.  

Tab le  Six,  had an averaged r a t i o  Cou1ter:HIAC o f  1.20. 

More t o  t h e  

The c a l c u l a t e d  AUC's, 

The compara t i ve  i n s t r u m e n t  t r i a l  o rgan ized by t h e  American S o c i e t y  o f  

T e s t i n g  M a t e r i a l s ,  Johnson and Swanson14, i n v o l v e d  i n s t r u n e n t  C a l i  b r a t i o n  

w i t h  s p h e r i c a l  p a r t i c l e s  f o l l o v e d  by a s i z i n g  o f  A.C. F i n e  Tes t  Dus t  as an 

example o f  an i r r e g u l a r  shaped p a r t i c u l a t e .  

necessary t o  t ranspose t h e  s i z e  a x i s  by a r a t i o  o f  1.30 t o  a l l o w  H I A C  da ta  t o  

be superimposed upon t h a t  o b t a i n e d  by Cou l te r .  

i r r e g u l a r l y  shaped p a r t i c l e ,  AC F i n e  Tes t  Dust, t h e  H I A C  i s  e f f e c t i v e l y  

unders i  z i  ng by 30%. 

These workers no ted  t h a t  i t  was 

Th is  would suggest t h a t  f o r  an 
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Ampule 
Number 

1 

2 

3 

4 

5 

Average 

GROVES AND WONG 

TABLE TWO: AVERAGED AUC's DETERMINED BY PROTOTRON AND 

THE H I A C  (USP) METHODS ON 3 h L  AMPULES OF SODIUM 

BICARBONATE INJECTION USP 

HIAC 
AUC 

12.14 

14.17 

14.27 

15.65 

13.46 

13.4 

Ampule 

1 

2 

3 

4 

Average 

Cor re l  a ti on 
Coef f i c l  en t  

0.75 

0.85 

0.91 

0.91 

0.90 

(SD 1.15) 

WSP 
L i m i t  

45.6 

53.2 

53.6 

58.8 

50.6 

52.4 

P r o t o t r o n  
AUC 

8.48 

15.10 

21.90 

4.90 

5.70 

11.22 

TABLE THREE: H I A C  (USP) COUNTS ON 10 mL GLASS 

AMPULES OF AN EXPERIMENTAL DRUG PRODUCT 

AUC 

10.64 

20.16 

13.72 

14.58 

14.78 

WSP 
L i m i t  

33.2 

62.9 

42.8 

45.5 

(SD = 3.44) 

C o r r e l a t i o n  
C o e f f i c i e n t  

0.75 

0.90 

0.95 

0.92 

0.87 

(SD 6.44) 

C o r r e l a t i o n  
Coef f i c i  e n t  

0.72 

0.61 

0.90 

0.87 

Accordingly, AUC's for t he  data shown i n  Table S ix  were recalcu lated,  

transposing the H I A C  s i ze  a x i s  by 30% i n  the manner suggested by Johnson and 

Swanson14. Recalculated r a t i o s  are shown i n  Table Seven, from which i t  w i l l  

be noted t h a t  t h e  Coul ter :  

1.05 (SD 0.08). 

H I A C  r a t i o n  has now been adjusted t o  an average o f  
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 201 

TABLE FOUR: 

U n f i l t e r e d  V i a l  

1 

2 

3 

4 

5 

6 

Average 

F i  1 t e r e d  

1 

2 

3 

4 

Average 

HIAC (USPI COUNTS ON 20 mL VIALS OF WATER 

FOR INJECTION USP 

AUC 

11.64 

11.10 

9.92 

16.02 

10.78 

8.05 

11.89 

9.27 

4.32 

8.24 

5.81 

6.91 

I USP 

40.6 

38.7 

34.6 

55.9 

37.6 

28.1 

(SD 2.14) 

32.3 

15.1 

28.8 

20.3 

(SD 1.95) 

Cor re la t i on  C o e f f i c l  e n t  

0.94 

0.91 

0.97 

0.75 

1 .oo 

0.96 

0.97 

1 .oo 
0.98 

0.92 

TABLE FIVE: DATA TAKEN FROM FIG 2, GROVES AND WANA7 

SHOWING COMPARATIVE COUNTS FROM COULTER AND H I A C  MEASUREMENTS 

ON THE SAME CONTAINER 

Coul t e r  

Size (pm) Count/mL 

5 190 

8 25 

10 8 

13 2.5 

AUC x 17.449 

Cor re l  a t i  on C o e f f i c i e n t  0.9995 

r a t i o  Coulter/HIAC = 1.17 

H I A C  

Size (pm) Count/mL 

5 100 

8 30 

10 18 

15 6 

AUC = 14.901 

C o r r e l a t l  on Coef f i  d e n t  0.9997 
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202 GROVES A N D  WONG 

TABLE SIX: COUNTS OBTAINED ON LARGE VOLUME PARENTERALS. DIFFERENT 

PRODUCT CODES ALL COUNTED AT DIFFERENT SITES BY DIFFERENT OPERATORS USING 

DIFFERENT INSTRUMENTS (SEE TEXT) 

1 H 
C 

2 H 
C 

3 H 
C 

4 H 
C 

5 H 
C 

6 H 
C 

7 H 
C 

8 H 
C 

2,007 
4,287 

3,225 
7.282 

2,129 
3,879 

805 
1,893 

462 
840 

266 
891 

483 
904 

341 
639 

630 
842 

419 
943 

287 
463 

262 
343 

78 
133 

84 
94 

72 
113 

58 
84 

181 26 
340 78 

13 0 
128 26 

26 1 
44 12 

62 2 
108 27 

21 0 
66 4 

31 6 
61 12 

38 16 
48 14 

19 2 
37 11 

15 
38 

0 
18 

1 
8 

1 
12 

0 
2 

2 
8 

0 
4 

0 
3 

21.98 1.18 
26.00 

17.09 1.35 
23.15 

16.48 1.20 
19.85 

15.94 1.30 
20.73 

14.49 1.10 
15.99 

13.98 1.24 
17.33 

16.77 1.00 
16.85 

12.98 1.22 
15.67 

Average C/H  r a t i o  
= 1.20 (SD = 0.103) 

The compara t ive  da ta  o b t a i n e d  by T a y l o r  and Spence' was ob ta ined  by 

s i n g l e  i ns t rumen ts  b u t  on a w ide r  range of  produc ts .  

(Tab le  2, r e f  9)  and c a l c u l a t i n g  AUC's p rov ided  t h e  r a t i o s  shown i n  Tab le  

E i g h t .  T r a n s p o s i t i o n  of t h e  s i z e  axes, as above, r e s u l t e d  i n  a l ower ing  o f  

t h e  average H I A C  AUC's and t h e  Coulter/HIAC r a t i o ,  a l s o  shown i n  Tab le  E i g h t ,  

Tak ing  t h e i r  numbers 

D I SCUSSI ON 

The AUC as a method o f  u n i t i z i n g  a s i z e  d i s t r i b u t i o n  f o r  a system 

c o n t a i n i n g  few p a r t i c l e s / u n i t  vo lune o f  random numbers o f  random i d e n t i t y  
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 203 

TABLE SEVEN: AUC's TAKEN FROM TABLE S I X  I N  WHICH THE HIAC SIZE 

AXIS IS TRANSPOSED BY 30% I N  THE MANNER SUGGESTED BY JOHNSON AND SWANSON14 

P roduc t  

1 

2 

3 

4 

5 

6 

7 

8 

HIAC AUC A d j u s t e d  

24.49 

20.02 

19.30 

18.49 

16.51 

15.93 

18.65 

15.02 

new r a t i o  (Coul ter /HIAC Tab le  6) 

1.06 

1.16 

1.03 

1.12 

0.97 

1.09 

0.09 

1.04 

Average 1.05 (SD 0.077) 

wou ld  appear t o  be  r a t i o n a l  and e f f e c t i v e .  

advantages, i n c l u d i n g  

The method appears t o  have some 

a s i m p l i f i e d  means o f  p r e s e n t i n g  d a t a  f rom a complex s i z e  

d i s t r i b u t i o n .  

a means o f  p r o v i d i n g  a s t a t i s t i c a l  goodness -o f - f i t  f o r  

u n d e r l y i n g  presumpt ion  o f  a l o g - l o g  p l o t .  

t h e  AUC p r o v i d e s  a s i n g l e  numer ica l  parameter u s e f u l  i n  q u a l i t y  

c o n t r o l  and p r o d u c t i o n  cha r t s ,  c o r r e l a t i o n s  o f  l o t - t o - l o t  

v a r i a t i o n s  and genera l  c o l l e c t i o n  o f  da ta .  

a numer ica l  parameter which would enab le  a p roduc t  t o  be 

r e p o r t e d  as a percentage o f  an a l l o w a b l e  compendia1 l i m i t  t e s t .  

t h e  AUC i s  a b e t t e r  i n d i c a t o r  o f  con tamina t ion  than  c u r r e n t  

c m p e n d i a l  t h r e s h o l d  1 i m i  t s .  

t h e  AUC e f f e c t i v e l y  p rov ides  a l i m i t  on t h e  t o t a l  numbers o f  

p a r t i c l e  p resen t  w i t h i n  a system, e f f e c t i v e l y  between l p m  

d i  ameter and approx imate ly  30-40pm diameter,  t h e  d iameter  o f  

t h e  l a r g e s t  p a r t i c l e  p resen t  i n  t h e  system. 
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204 GROVES AND WONG 

TABLE EIGHT: AUC‘s CALCULATED FROM THE DATA PROVIDED BY 

TAYLOR AND SPENCE’, TABLE 2 

Product  

Gentamyci n 

Syntometr l  ne 

V a l o i d  

L i n c o c i n  

Max01 on 

Co 1 omyci n 

Crystapen 

Endoxana 

Sof ramyci n 

Aerospor i  n 

Amp1 i c l  ox 

B r e i d i l  M 

C o u l t e r  
AUC 

20.98 

18.12 

21.33 

20.19 

18.23 

26.56 

16.93 

21.97 

27.37 

24.37 

19.28 

18.24 

HIAC 
O r i  g i  n a l  
AUC 

19.95 

17.47 

23.31 

17.67 

23.09 

27.84 

15.91 

18.135 

24.50 

18.87 

18.28 

18.50 

O r i g i  n a l  
C/H r a t l o  

1.052 

1.037 

0.915 

1.143 

0.790 

0.954 

1.066 

1.211 

1.117 

1.291 

1.055 

0.986 

1.0514 

( S D  E 0.1280) 

(*by 30%) 

HIAC 
AdJ u s t e d  
AUC* 

22.46 

19.57 

25.86 

19.61 

25.78 

30.78 

17.98 

20.85 

27.49 

21.10 

20.89 

20.80 

New 
C/H r a t i o  

0.934 

0.926 

0.825 

1.030 

0.707 

0.863 

0.943 

1.054 

0.996 

1.155 

0.923 

0.877 

0.9361 

( S D  = 0.1111) 

To a m p l i f y  some o f  t h e  po in ts ,  t h e  u n d e r l y i n g  assumption o f  a log-10s 

p l o t ,  ( b )  i s  c l e a r l y  i n v a l i d  i f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  l e s s  than  some 

d e f i n e d  va lue.  

c o r r e l a t i o n  c o e f f i c i e n t  b e t t e r  t han  0.90, t h a t  t h e r e  may be some u n d e r l y i n g  

cause f o r  t h i s  f a i l u r e .  I n  t h i s  case, t h e  ana lys t  should determine i f  a 

s i n g l e  species i s  contaminat ing t h e  product  by some s u i t a b l e  a l t e r n a t i v e  

method, f o r  example, t h e  microscope. 

o t h e r  causes however, i n s u f f i c i e n t  sampling be ing  one. 

We suggest, q u i t e  a r b i t r a r i l y ,  i f  a system does n o t  have a 

A poor f i t  may be due t o  a number of  
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SIMPLE INDEX FOR MEASURING PARTICULATE CONTAMINATION 205 

Turn ing  t o  accuracy  and p r e c i s i o n ,  ( e l ,  t h e  p o i n t  ha5 a l r e a d y  been made 

t h a t  t h e  need t o  measure p a r t i c u l a t e  a t  t h e  s i z e  th resho lds  s p e c i f i e d  i s  

removed by u s i n g  t h i s  fo rm o f  d a t a  man ipu la t ion .  

c a l i b r a t i o n  p o i n t s  can be taken t o  d e f i n e  t h e  s i z e  d i s t r i b u t i o n  o f  t h e  

con tamina t ion  w i th  g r e a t e r  p r e c i s i o n  s i n c e  i n s t r u n e n t  t h r e s h o l d s  do n o t  have 

t o  be a d j u s t e d  a f t e r  c a l i b r a t i o n  t o  correspond t o  t h e  compendia1 th resho lds .  

E x p e r i m e n t a l l y  t h e  numbers o f  pa r t i c l es /mL  encountered i n  a good q u a l i t y  

p a r e n t e r a l  a t  t h e  USP X X I  t h resho lds  o f  10 and 2511111 a r e  low, the reby  

i n c r e a s i n g  t h e  u n c e r t a i n t y  o f  t h e  method. 

l ower  s i z e  t h r e s h o l d s  where t h e  counts  a r e  h ighe r  and more r e a d i l y  determined. 

Any number ( t w o  o r  more) 

B e t t e r  p r e c i s i o n  i s  ob ta ined  a t  

As a s imp le  index ,  t h e  AUC may p r o v i d e  a work ing  t o o l  f o r  an examinat ion  

6 of t h e  e f f e c t s  o f  p a r t i c l e  shape. 

e f f e c t  o f  p a r t i c l e  shape f a c t o r s  on t h e  response o f  t h e  H I A C  i n s t r u m e n t a l  

p r i n c i p l e  r e l a t i v e  t o  t h a t  o f  t h e  C o u l t e r  and demonstrated t h a t  t h e  H I A C  under 

s i zes .  

F i n e  Tes t  Dus t  can be c o r r e c t e d  fo r .  

f o r  AC F i n e  T e s t  Oust enab led  a Coul ter/HIAC r a t i o  c l o s e  t o  u n i t y  t o  be 

ob ta ined  f o r  d i f f e r e n t  p roduc ts ,  Tab le  Seven. 

n o t  no ted  f o r  t h e  e x t e n s i v e  t a b u l a t i o n  o f  da ta  o f  T a y l o r  and Spence , 
Tab le  E i g h t ,  t h e  30% c o r r e c t i o n  apparen t l y  overcompensating. The reason f o r  

t h i s  i s  l e s s  than  c l e a r .  

procedures used f o r  t h e i r  i n s t r m e n t s  and t h e  e x p l a n a t i o n  may be connected 

w i t h  t h i s  f a c t o r .  The H I A C  p r i n c i p l e  i s  a f f e c t e d  by p a r t i c l e  shape b u t  i t  

must remain an open ques t i on  as t o  whether o r  n o t  AC F i n e  Tes t  Dus t  o f f e r s  an 

approx ima t ion  t o  t h e  many and v a r i e d  shapes t h a t  m i g h t  be  a n t i c i p a t e d  t o  be 

p resen t  on a randomly contaminated  p a r e n t e r a l  s o l u t i o n .  T h i s  concept  r e q u i r e s  

f u r t h e r  e v a l u a t i o n .  

As noted, Groves and Wana examined t h e  

T h i s  e f f e c t ,  q u a n t i t a t i v e l y  measured by Johnson and Swanson14 f o r  AC 

Assuming t h e  30% u n d e r s i z i n g  de termined 

However, t h e  same e f f e c t  was 

9 

These au tho rs  do n o t  p r o v i d e  d e t a i l s  o f  c a l i b r a t i o n  
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206 CROVE.5 AN11 WON(, 

work was o r i g i n a l l y  de r i ved  by D r .  Muhlen (12)  as a s tep  i n  t h e  d e r i v a t i o n  o f  

a t h r e e  dimensional  i n t e g r a l  a l s o  suggested as a contaminat ion index. 
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