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AB ST RA C TS 

Q u a l i t y  Assurance and Pharmaceut ical  s e c u r i t y  as w e l l  must be 

g i v e n  a p a r t i c u l a r  c o n s i d e r a t i o n  b o t h  f o r  hardware and s o f t w a r e  

when computer ized pharmaceut ica l  i n d u s t r i a l  o p e r a t i o n s  a r e  concerned. 

Hardware: The p r e p a r a t i o n  o f  v a l i d a t i o n  shou ld  beg in  wi th t h e  
des ign  o f  a computer ized system and r e l y  upon s p e c i f i c a t i o n s  and 

upon d e f i n e d  o p e r a t i o n a l  l i m i t s .  

I t  i s  s u i t a b l e  t o  p repare  documentat ion as f r o m  t h e  develop-  

ment o f  t h e  system i n  o r d e r  t o  o b t a i n  a f r u i t f u l  communicat ion be-  
tween a l l  t hose  concerned w i t h  des ign,  implementat ion,  maintenance, 

v a l i d a t i o n  and a u d i t i n g .  

A r e v a l  i d a t i o n  procedure shou ld  be prepared and m a i n t a i n e d  

updated, i n  t h e  even t  o f  a change i n  one o r  seve ra l  o p e r a t i n g  condi-  
t i o n s .  

Software:As w i t h  hardware, Val i d a t i o n  o f  s o f t w a r e  shou ld  be 
env i s ioned  as e a r l y  as t h e  development phase. P r e p a r a t i o n  o f  t e s t  

procedures and documentat ion shou ld  s t a r t  a t  t h i s  v e r y  s tage.  

Q u a l i f i c a t i o n  and v a l i d a t i o n  w i l l  be des igned t o  f i n d  e r r o r s  i n  t h e  

program and n o t  t o  prove t h a t  no e r r o r s  e x i s t .  They w i l l  be c a r r i e d  
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1694 TROTTMANN 

out  a t  the opera t iona l  boundaries o f  t he  sof tware and w i l l  aim a t  
t e s t i n g  the  c r i t i c a l  dec is ion  paths o f  the program. V e r i f i c a t i o n s  

must be repeated a s u f f i c i e n t  number o f  t imes t o  demonstrate t h a t  
the r e s u l t s  are repeatable.  

As w i t h  o ther  pharmaceutical manufacturing systems, a formal 
procedure should e x i s t  t o  support changes made t o  t h e  software. 
Vendor suppl ied software should be v e r i f i e d  and documented w i t h  the  
same r i g o u r  and d e t a i l s  t h a t  in-house developed software. Manual 
back-up systems must be prov ided f o r  and r e g u l a r l y  tes ted  i n  the  

event o f  f a i l u r e  o f  the automated process. Computerized systems and 

good manufacturing p rac t i ces  app l i ed  t o  manufacturing o f  sol i d  o r a l  
dosage forms: An a p p l i c a t i o n  o f  the  above-stated p r i n c i p l e s  i s  g iven 

and ill ust ra ted .  

P r i n c i p l e  

I n  1962, NASA launched Mariner 1 on a miss ion t o  Venus. The 

rocket  veered o f  course and had t o  be destroyed. The i n v e s t i g a t i o n  
conducted af terwards showed t h a t  the reason f o r  i t  was loca ted  

i ns ide  the sof tware o f  t he  rocket  computer: one s i n g l e  hyphen had 

been omi t ted from one the  program statements and i t  costed NASA 
18s. m i l l i o n .  

Another t r a g i c  acc ident  d i d  occur i n  1986 : two persons d ied  
and another one was se r ious l y  i n j u r e d  due t o  a problem i n  the  com- 

pu ter  software which c o n t r o l l e d  a r a d i a t i o n  therapy device. Normally 
the operator  would en ter  i n s t r u c t i o n s  i n t o  t h e  computer correspond- 

i ng  t o  the  type o f  r a d i a t i o n  (X-ray o r  e l e c t r o n  beam), t h e i r i n t e n -  
s i t y  and so on . . . 

The operator  could modify the  s e t t i n g s  a f t e r  they had been 
entered i n  case o f  change i n  parameters o r  i n  case o f  e r r o r .  The 
inves t i ga t i on ,  made a f t e r  the  acc idents  revealed the  sof tware d i d  

c o r r e c t l y  accept changes concerning the  type o f  r a d i a t i o n  bu t  n o t  
those concerning t h e i r  . i n t e n s i t y  i f  the  changes were made w i t h i n  a 
per iod  o f  t ime o f  e i g h t  seconds f o l l o w i n g  the  o r i g i n a l  en t r y .  
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APPLYING GMP TO COMPUTERIZATION 1695 

These examples demonstrate, i f  need be, t h a t  hazards and r i s k s  

due t o  computer systems do e x i s t  and t h e  n e c e s s i t y  t o  know,val idate 

and c o n t r o l  them i n  a comprehensive manner. 

Computerized systems used i n  t h e  pharmaceut ica l  i n d u s t r y  must, 

as a m a t t e r  o f  f a c t  : 

. guarantee pharmaceut ical  s c c u r i  t y  , 

. assure coherence between a l l  data.  

. they must be v a l i d a t e d ,  

. be s u b j e c t  t o  r e g u l a r  c o n t r o l l i n g  and a u d i t i n g .  

To o b t a i n  t h a t  : 

V a l i d a t i o n s  and a u d i t s  must be concerned w i t h  b o t h  hardware 

and sof tware,  n o t  o n l y  s e p a r a t e l y  b u t  a l s o  as a d i r e c t  f u n c t i o n  o f  

them be ing  i n t e r r e l a t e d .  

Hardware 

S p e c i f i c a t i o n s  and o p e r a t i o n a l  1 i m i t s  

No s e r i o u s  v a l i d a t i o n  can be made i f  p r e c i s e  and documented 

s p e c i f i c a t i o n s  and o p e r a t i o n a l  l i m i t s  have n o t  been de f ined.  T h i s  
s tep  i s  necessary t o  d e f i n e  hardware s u i t e d  f o r  i t s  in tended func-  

t i o n  and t o  ensure t h a t  i t  w i l l  n o t  be a f f e c t e d  adverse ly  by e n v i -  
ronmental c o n d i t i o n s  such as h u m i d i t y ,  temperature,  e l e c t r i c a l  and 

e lec t romagnet ic  harmfu l1 e f f e c t s .  The c o n f i g u r a t i o n  o f  t h e  system 

should be comple te ly  descr ibed i n c l u d i n g  t h e  i n t e r f a c e s ,  t h a t  i s  t o  

say t h e  way components o f  t h e  system communicate together .  

Qua1 i f i c a t i o n  

Q u a l i f i c a t i o n  procedures should a l l o w  t o  check t h a t  t h e  hard- 
ware system m e e t s i t s  s p e c i f i c a t i o n s  and w i l l  opera te  r e l i a b l y  w i t h i n  

t h e  d e f i n e d  environment. These procedures should t e s t  t h e  hardware 
a t  t h e  l i m i t s  under which i t  w i l l  have t o  operate.  I t  does n o t  imply 

t o  t e s t  a t  t h e  o u t e r  l i m i t s  where t h e  hardware does n o t  opera te  

c o r r e c t l y .  They should i n s t e a d  o f  t h a t ,  be performed w i t h  t h e  para- 

meters overs tepp ing  o p e r a t i o n a l  1 i m i t s  d e f i n e d  i n  t h e  s p e c i f i c a t i o n s ,  
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1696 TROTTMANN 

l i m i t s  w i t h i n  which the  system must operate w i thou t  r i s k s  and 
beyond which the system would be i n  an ou t -o f -cont ro l  s ta te .  

Documentation 

I t  i s  necessary t h a t  a system be f u l l y  documented f rom the  
beginning o f  i t s  development and no t  a f terwards when the  system i s  

a l ready operat ing.  This  documentation should have f o r  purpose t o  
a l l ow  proper communication among those who have developped the  
system, those who make i t  work, those who main ta in  it, those who 
have t o  make changes, those who have t o  v a l i d a t e  and t o  a u d i t  t he  
system. Everybody should be ab le  t o  know what has been done, how 
and why i t  has been done. 

Reval i d a t i o n  

The hardware system which has been v a l i d a t e d  under a s e t  of 
def ined cond i t ions ,  should be reva l i da ted  i f  one o f  these cond i t ions  

has changed. Any change should be evaluated i n  o rder  t o  determine 

i t s  poss ib le  e f f e c t s  on the  system. For  t h i s  reason, a documented 
program o f  reva l  i d a t i o n  should be es tab l i shed and kept  updated i n  
o rder  t o  be ab le  t o  f o l l o w  changes and determine c r i t i c a l  p o i n t s  
t h a t  must e n t a i l  reva l  i d a t i o n .  

Software 

Although v a l i d a t i o n  o f  computer sof tware seems t o  be more 
complicated t h a t  f o r  hardware, t he  purpose and p r i n c i p l e  o f  v a l i -  
dation do apply i n  t h e  same way i n  bo th  cases. The purpose i n  a l l  
cases, i s  t o  demonstrate t h a t  a program performs e f f e c t i v e l y  the  
intended func t ions  and does i t  accura te ly  and r e l i a b l y .  The v a l i -  
da t ionof  a system should n o t  in te rvene on ly  when the  system s t a r t s  
running : t h e  appra isa l  o f  q u a l i t i e s  and de fec ts  cou ld  n o t  a t  t h i s  

time, be extens ive enough. Va l i da t i on  should the re fo re  begin w i t h  
developing o f  the system. 

Development 

Spec i f i ca t i ons ,  a t  t h i s  stage, must be s u f f i c i e n t l y  d e t a i l e d  
t o  a l l o w  communication o f  the  sof tware requirements t o  the  team i n  
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APPLYING GMP TO COMPUTERIZATION 1697 

charge o f  des ign and implementat ion o f  t h e  system. Communication 

should be complete enough t o  a l l o w  f o r  t h e  o b j e c t i v e  v e r i f i c a t i o n  
t h a t  requi rements have been met. 

Dur ing  t h e  s tage o f  development, i t  i s  a l s o  necessary t o  s t a r t  
p r e p a r a t i o n  o f  t e s t i n g  p r o t o c o l s  and documentat ion.  

The p r o b a b i l i t y  t h a t  a l l  c r i t i c a l  s teps  o f  t h e  program be 

v e r i f i e d  i s  r e l a t i v e l y  h i g h e r  when procedures f o r  check ing have been 

de f ined d u r i n g  t h e  development phase o f  t h e  system. 

T e s t i n g  and Val i d a t i o n  

Once more, i t  i s  t o  be no ted  t h a t  t h e  d e f i n i t i o n  o f  check ing 

procedures should beg in  w i t h  t h e  d e c i s i o n  o f  computer is ing  t h e  sys- 

tem. Both procedures should be developed i n  p a r a l l e l  , checking being 

a b l e  t o  s t a r t  d u r i n g  t h e  development phase. 

Checking procedure should be conducted i n  o r d e r  t o  f i n d  er ro rs  
i n  t h e  program and n o t  t o  prove t h a t  such e r r o r s  do n o t  e x i s t .  For  

computer sof tware,  a t e s t  can be considered as success fu l1  when i t  

a l l o w s  t o  expose e r r o r s  t h a t  had n o t  been a n t i c i p a t e d .  

The program o f  v e r i f i c a t i o n  should e x p l o r e  boundary 1 i m i t s  o f  

t h e  sof tware ( i t  i s  t h e  wors t  case procedure) ,  t o  be f u l l y  s i g n i f -  

i c a n t .  For  t h a t ,  i t  i s  necessary t o  i n t r o d u c e  da ta  s l i g h t l y  above 

and below o p e r a t i o n a l  1 i m i t s .  These boundary c o n d i t i o n s  a r e  importznt  

t o  cons ider  as most e r r o r s  do occur  around l i m i t s .  

V e r i f i c a t i o n s  made a t  these p o i n t s  should e q u a l l y  comprise 

t e s t i n g  t o  e v a l u a t e  t h e  way t h e  system r e a c t s  t o  e n t r y  o f  unforeseen 

data : f o r  example a l p h a b e t i c  data when numeric da ta  should be given; 

o r  t h e  e n t r y  o f  more c h a r a c t e r s  than t h e  program has been designed 

t o  accept .  

been i n t e g r a t e d  t o  t h e  computer system. Such v e r i f i c a t i o n s  do a p p l y  

bo th  f o r  hardware and so f tware .  That  one g i v e n  component can respond 

a c c u r a t e l y  on t h e  i n d i v i d u a l  l e v e l  , does n o t  n e c e s s a r i l y  mean t h a t  

t h i s  component w i l l  s t i l l  work c o r r e c t l y  when i n t e r f a c e d  w i t h  o t h e r  

components. 

F i n a l l y  the  sof tware system should be v e r i f i e d  a f t e r  i t  has 
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1698 TROTTMANN 

I t  i s  n o t  rare t o  find components t h a t  work correctly on the 
individual level b u t  n o t  when gathered together with other i t  has 
t o  be reminded t h a t  automated systems must give birth t o  consistent 
results during their work. I t  means t h a t  a specific se t  of d a t a  
input must always give birth t o  a specific se t  of da t a  o u t p u t .  

Performance of a single run of checkings i s  n o t  sufficient 
t o  ensure t h a t  the program works correctly. Checkings should be 
repeated a sufficient number of times t o  demonstrate t h a t  the re- 
sul t s  are repeatable. 

Maintenance 

The term maintenance applies t o  correction of errors or a b n o r  
malities in the program or t o  enhance or a d a p t  a program in order 
t o  make i t  more suitable t o  the evoluation of needs. As with other 
systems used in pharmaceutical manufacturing, a documented proce- 
dure i s  necessary t o  control changes. 

Documen t a  t i on 

A t  a l l  stages from design t o  implementation and maintenance, 
validation procedures should be taken into account during the whole 
l i f e  of a computer system. This documentation should be permanently 
updated . 

I t  i s  only complete, clear and updated documentation t h a t  
will allow proving t h a t  a computer system i s  under control. 

Poor documentation i s  a t  best confusing and a t  worst misleacC 
ing. I t  has n o t  t o  be voluminous, b u t  must be easy t o  understand 
and t o  use. 

The user's manual i s  an essential part of software system. 
I t  should correspond t o  the ac tua l  version of the system. 

I t  should comprise a l l  relevant instructions t o  allow succes- 
f u l l  performing of the program; these instructions comprise descrip- 
tion of correct inputs, expected o u t p u t s ,  available program op t ions  
and error messages as we1 1 as corresponding corrective measures. 
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APPLYING GMP TO COMPUTERIZATION 1699 

Reval i d a t i o n  

As w i t h  hardware, a documented procedure should e x i s t  t o  allow 

r e v a l i d a t i o n  of software. As documentation i s  an i n t e g r a l  p a r t  o f  

software systems, i t  should correspond t o  the  ac tua l  sof tware ver- 
s ion  and no t  t o  i t s  past  o r  f u t u r e  c h a r a c t e r i s t i c s .  

Vendor-suppl i e d  sof tware 

It i s  impossible t o  v a l i d a t e  a sof tware systems when you can- 
no t  understand c o r r e c t l y  what ac t i ons  the  program i s  performing. 

Using a vendor can r e l i e v e  you f rom p a r t  o r  a l l  o f  des ign ing 
of a system, bu t  i t  w i l l  no t  r e l i e v e  you f rom the  r e s p o n s i b i l i t y  
t o  ensure t h a t  the  system works c o r r e c t l y  and r e l i a b l y ,  i n  the  same 
way as i t  i s  w i t h  a s t e r i l i s a t i o n  oven where you cannot be r e l i e v e d  
from v a l i d a t i n g  s t e r i l i s a t i o n  cyc les.  

The pharmaceutical manufacturer should e s t a b l i s h  development 
and performance standards according t o  which programs and document- 
a t i o n  given by the  vendor would be checked, i n  the  same manner as 
i t  would have been, had the  system been developed in-house. 

Va l i da t i on  o f  the  sof tware should be documented, even i f  p a r t  
o r  a l l  o f  i t  has been done by t h e  vendor. The f a c t  t h a t  t he  vendor 
c e r t i f i e s  he has performed v a l i d a t i o n  cannot be considered as suf- 
f i c i e n t  . 

Manual back-up systems 

I t  i s  necessary t o  have pre-establ  ished procedures, we l l  
documented and va l i da ted  i n  case o f  f a i l u r e  o f  thG system. Opera- 

t o r s  should know what they have t o  do i n  case o f  f a i l u r e .  They 
should be ab le  t o  determine a t  what s tep o f  t he  process the  f a i l u r e  

has occured and have d e t a i l e d  in fo rmat ion  on what they should do. 

T ra in ing  o f  operators  should be p e r i o d i c a l l y  made, due t o  the 

fac t  t h a t  f a i l u r e s  are  genera l l y  ra re ,  g i v i n g  them very few oppor- 
t u n i t i e s  t o  p rac t i ce .  
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1700 TROTTMANN 

Points t o  consider i n  the process 

Manual back-up systems 

Functions controlled by a computer system can generally be 
control led by a manual back-up system. 

I t  i s  necessary t o  give particular attention t o  the controls 
of the process and t o  determine interaction between manual and  
computerized process controls and  t o  define how manual intemntion 
can by-pass or up-grade the computerized process. 

Standard operating procedures should describe what i s  author- 
ized, who can do i t ,  how and i n  what circumstances and how these 
data  are documented. The system should be designed so t h a t  i t  can 
detect and react t o  manual interventions and register them. 

Control of inputs and  outputs 

Controls should allow for checking t h a t  inputs and outputs 
are effectively accurate. To check the degree and nature o f  controls 
and use. 

Treatment o f  errors i s  an important problem : procedures for 
treatment of errors should be established. 

Documentation on the process 

Most systems can provide detailed documentation on the process. 
The question i s  t o  know i f  the documentation b r i n g s  effectively all 
necessary information; for example, a batch record made by a 
computer: determine i f  a1 1 necessary information is obtained. 

Monitoring of computerized operations 

What i s  effectively real ised should be checked against what 
the computer states,  for example : 
- read the effective temperature and check what the computer s ta tes ,  
- check t h a t  a product meant t o  be quarantined effectively i s ,  
- i s  treatment of batch t a i l s  when they are incorporated into the 

next ba tch ,  taken into account i n  the manufacturing formula. (the 
same for reprocessing). 
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APPLYING GMP TO COMPUTERIZATION 1701 

- check the  t a r e  of empty conta iners,  

- check p h y s i c a l l y  the emptiness o f  a conta iner ,  o r  take  f o r  bas is  
i t s  t h e o r e t i c a l  ta re ,  i f  no p a r t  o f  t he  conta iner  has ever been 
changed, 

- check a l l  the  balances, whatever t h e i r  weighing range i s  as w e l l  
as regards t h e i r  accuracy i n  absolute value as t h e i r  s e n s i t i v i t y  
towards va r ia t i ons .  Check t h a t  the  weighing t i c k e t  wears the  same 
in format ion as the  screen, 

reading w i t h  a l a s e r  beam penc i l  o f  t h i s  ba r  code b r ings  about the  

accurate data. 

- check t h a t  bar  coding r e f l e c t  accura te ly  the  re levan t  data, t h a t  

QUALITY ASSURANCE I N  MANUFACTURING OF 
SOLID ORAL DOSAGE FORMS : COMPUTER SECURITY 

The steps o f  the manufacturing process as used by Roussel-Uclaf 

A t  t he  top, on the r i g h t  o f  t he  tab le ,  see major raw mater ia ls  
coming i n ,  packed i n  " b i g  bags". Each raw mate r ia l  has i t s  own feed- 

i n g  system working by g r a v i t y  and going down i n t o  an automated 

weighing system. For  checking o f  the  raw mate r ia l  being the  one 
expected, a c o n t r o l  system does e x i s t  : on the  upper f l o o r  the  b i g  

bag l a b e l  i s  read by a l a s e r  beam penc i l  and the  i n fo rma t ion  t rans-  
m i t t e d  t o  the  cen t ra l  processing u n i t .  When data a r e  co r rec t ,  t he  
system a l l ows  the  load ing  o t  t he  conta iner ,  a t  t h e  lower  l e v e l .  
(see p o i n t  3 ) .  

For small an medium q u a n t i t i e s  o f  raw mate r ia l s ,  weighing i s  

performed manually (see po in ts  3 and 4) .  Balances a re  connected t o  

the computer. The l a s e r  beam penc i l  reads both the  i d e n t i t y  and the  
batch number o f  t he  raw mate r ia l .  The acceptance/re ject ion o f  the  
batch by q u a l i t y  c o n t r o l  i s  pu t  i n t o  the  system so t h a t  i f  the  iden- 
t i f i e d  batch has been re jec ted ,  the  in fo rmat ion  "system blocked" 

appears on the  screen and the  raw mater ia l  cannot be used. I f  the  
raw mate r ia l  has been accepted, i t  i s  incorporated t o  o the r  compo- 
nents and blended; the  mix i s  submitted t o  wet g ranu la t ion ,  passed 
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Figure 1. Scheme o f  the process 

Figure 2. The solar computer 
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Figure  3. P r i n t e r  

F igure  4. Automatic weighing 
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F i g u r e  5. Bar code r e a d i n g  on  a b i g  bag 

F i g u r e  6 .  Launching o f  manufactur ing phases  
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Figure 7. Manual weighing workshop 

Figure 8. Manual Weighing 
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Figure 9. Screenfor following of weighing for large containers 

Figure 10.Control screen : manual weighing 
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Figure 11.3000 1 i ters blender 

Figure 12,Alexanderwerk sieve 
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Figure  13.Aeromatic 18 f l o w  bed d r i e r  

F igu re  14.Deta i ls  o f  working board o f  aeromatic 
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Figure 15.Box f o r  tabletting machine Kill ian RX 

Figure 16.Microcomputer o f  the Kill ian 
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Figure 17.Working board o f  the Killian 

Figure 18. Automatic coating 
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F i g u re 1 9. I' s el f - con t rol I' 

Figure 20.Balance of weighs for tablets (yield).  
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1712 TROTTMANN 

t h r o u g h  a sieve, dried on a i r  flow driers,  calibrated, blended with 
lubricants. I t  can then be either tablet ted and 
i t  can be p u t  i n t o  hard gelatine capsules; 

Photos will i l lust ra te  this scheme a t  the 

Principle 

Al l  steps of the manufacturing process t o  
shou ld  f i r s t  be defined. A table describing the  

possibly coated or 

end of the lecture. 

be computerized 
whole process and 

precising the levels and the extent of computerisation can be help- 
ful .  This i s  the role of the tab1 e we have a1 ready seen. 

Coherence of the whole system shou ld  be assessed: for example, 
i t  should be checked t h a t  i t  i s  impossible t o  process through step 
n + 1 if  conditions required for step 1 hade n o t  been ful l f i l led.  

T h e  l i s t  of people who are au thor ized  t o  enter da ta  concern- 
ing one batch and the procedure t o  be used for the system t o  accept 
them. How and  by whom i t  can be modified and if t he  procedure re- 
mains confidential and codes changed periodically. 

Manufacturing formulas as printed should be checked against 
manufacturing procedurps; the same for zaj3r points ( .  . . . time of 
blending for powders, temp2ratures fcr  drying of wet mix . . . ) .  

A1 arms 

Functions linked t o  alarms and the i r  threshold should be 
determined for a l l  cr i t ical  steps. 

Determine whether the thresholds could be altered by the 
operator. Determine w h a t  should be done when an alarm runs; this 
should of course be integral part of SOPS.  

Are the alarms periodically checked and i s  i t  possible t o  
assure t h a t  they  are in s ta te  of running. 

Determine whether the fact  t h a t  alarms have run i s  indicated 
in the batch record or n o t .  
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APPLYING GMP TO COMPUTERIZATION 1713 

Oual i t v  c o n t r o l  

Sampl i ng 

The l a b e l  p r i n t i n g  system i n d i c a t i n g  sampl ing should a l s o  be 

a b l e  t o  work manual ly  i n  case o f  f a i l u r e .  

Release o f  batches o f  f i n i s h e d  o r  s e m i - f i n i s h e d  produc ts  

It should be v e r i f i e d  t h a t  : 
- t h e  i n p u t  o f  a p o s i t i v e  i n f o r m a t i o n  r e a l l y  i s  independent f rom 

- t h e  procedure f o r  s i g n a t u r e  o f  QC i s  k e p t  c o n f i d e n t i a l  and 

any d i r e c t  responsabi l  i t y  o f  manufacture s e r v i c e s  : 

regu l  a r l y  mod i f ied .  

Par t inence o f  t h e  system 

V e r i f y  t h a t  n o t  t o o  many s e c u r i t i e s  do e x i s t ,  which would, 
i n  f a c t ,  l e a d  t o  f a l s e  s e c u r i t i e s .  

CONCLUSION 

Computers have become a need f o r  t h e  pharmaceut ica l  i n d u s t r y ,  

b u t ,  as any o t h e r  machine, they should be c o n t r o l l e d  by users t o  

quarantee qua1 i ty  assurance and pharmaceut ica l  s e c u r i t y .  

Ens u r i ng t h a t  pha rmaceu t i ca 1 manu f a c  t u  r i ng sy s terns work 

a c c u r a t e l y ,  r e l i a b l y  and c o n s i s t e n t l y ,  i s  a fundamental p a r t  o f  t h e  

r e s p o n s i b i l  i t y  o f  t h e  i n d u s t r i a l  pharmacist .  
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