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THE PROJECT ENGINEERING ROL!' I N  RECOGNIZING TODAY> 

EWIRONMENTAL REOUIREMENTS . XD THEIR IMPLEMENTATION 

R. E. BUMMER, P . E .  A. M. Emyanitoff, P.E. 
ABBOTT LABORATORIES, NORTH CHICAGO, ILLINOIS 60064 

Aerospace technology c r i t e r i a  leaped w i t h  both f e e t  

inco t he  Pharmaceutical  Indus t ry  t en  or more yea r s  ago. This e n t r y  w a s  given major 

impetuous by i n d u s t r y ' s  d e s i r e  t o  develop an improved t echn ica l  bas i s  f o r  t h e i r  

environmental  dec i s ions  (and most r ecen t ly  by increased  FDA i n t e r e s t  i n  t h i s  tech- 

nology) .  A t  t h a t  time the  Pharmaceutical  Indus t ry  w a s ,  i n  most ca ses ,  ill equipped 

t o  handle many of t he  changes and impl i ca t ions  a s soc ia t ed  w i t h  t h i s  technology. not 

t he  least  of  which was the  actual cr i ter ia  of des ign .  This s i t u a t i o n  s t i l l  e x i s t s  

a t  many corpora t ions  and is l i k e l y  t o  remain u n t i l  f a c t s  r ep lace  the  a l l  too o f t e n  

emotional judgments t h a t  p re sen t ly  e s t a b l i s h  environmental  design c r i t e r i a .  

Environmental des ign ,  p r i n c i p a l l y  a s  i t  p e r t a i n s  t o  t h a t  branch o f  engrneer ing  

r e f e r r e d  t o  as "WAC"; i .e.  Heating, Ven t i l a t ing ,  and A i r  Condi t ion ing ,  has,  t o  da t e ,  

been g iven  a high p r i o r i t y  a t  our corpora t ion  a s  i n f luenc ing  almost a l l  c l e a n f a s e p t i c  

( s t e r i l e )  p o t e n t i a l  problems and. a s  such, our p l a n t  l ayou t s  and des igns  f o r  our most 

c r i t i c a l  environments a r e  developed almost as much t o  s u i t  a i r  movements a s  production 
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412 B- AM) EMYANITOFF 

requirements. Thus, t h e  a c t u a l  c o s t s  of our systems a r e  not  j u s t  i n  t he  HVAC systems 

and o the r  design d e t a i l s ,  but a l s o  i n  the  non-optimal product ion flow and techniques 

caused by our environmental  concentrat ion,  a s  we l l  as t he  c o s t s  a s soc ia t ed  wi th  

e u v i r o m e n t a l  monitoring. Despi te  t hese  high c o s t s  p e r  u n i t  of product ion,  we are 

unaware of d a t a  c o r r e l a t i n g  actual environmental  d a t a  t o  product q u a l i t y  which would 

allow establ ishment  of environmental  c r i t e r i a  based on a more t echn ica l  and business  

bas i s .  This s i t u a t i o n ,  v i t h  increased emphasis on microbiological  and p a r t i c u l a t e  

monitoring. is n w  r ap id ly  being corrected.  

This paper b a s i c a l l y  d e a l s  v i t h  a r ecen t ly  completed p r o j e c t  and many of  t he  

environrnantal dec i s ion /bp lemen ta t ion  problems a s soc ia t ed  wi th  t h a t  p ro j ec t .  F ina l ly ,  

some recen t  d a t a  from t h a t  f a c i l i t y  and a d i scuss ion  of vha t  chat d a t a  may mean. 

In e a r l y  1971, Abbott u&nagement approved funding f o r  cons t ruc t ion  of an Ampoule 

and Vial Manufacturing f a c i l i t y  i n  Rocky Mount, North Carol ina,  a s  an add-on to  our 

e x i s t i n g  I . V .  Solut ion Manufacturing F a c i l i t y .  The f a c i l i t y  i nco rpora t e s  d i s t i n c t  

production l i n e s  broken down I n t o  the  following ca t egor i e s :  

k s e p t i c  Liquid F i l l i n g  Operations 

Low Humidity Asept ic  Powder F i l l i n g  Operations 

Clean ( t e rmina l ly  s t e r i l i z e d )  Liquid F i l l i n g  Operations 

Powder F i l l  Operation 
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PROJECT ENGINEERING AND THE ENVIRONMENT 413 

Although the design problem was one of an "asept ic"  a s  v e l l  as a low p a r t i c u l a t e  

approach a f t e r  a search within the  time ava i l ab le ,  i t  was concluded t h a t  t he re  were no 

published s tandards pe r t a in ing  t o  permissable l e v e l s  of v iab le s  in  a s e p t i c  i n s t a l l a t i o n s .  

It  was concluded, however, t ha t  although the re  w a s  no d e f i n i t i v e  r e l a t i o n s h i p  

a v a i l a b l e  between p a r t i c u l a t e  and v i ab le  counts,  t h a t  a low p a r t i c u l a t e  count could 

be expected to provide an acceptable  environment for  a s e p t i c  f i l l i n g .  

Basic p a r t i c u l a t e  c r i t e r i a  were then e s t ab l i shed  f o r  t he  f i l l  l i n e  a s  follows: 

GENERAL CLASS 100 
ROOK A I R  OVER RELATIVE RELATIVE 

HUMIDITY PRESSURE FILTRATION PRODUCT -- - 
Aseptic  Liquid Ff11 HEPA-Terminal HEPA F i l t e r s ,  35-552 RH +tc 

Curtains 
Asept ic  Povder F i l l  15-221 RH -- 

35-55% RH + Clean Liquid F i l l  ( T . S . )  

The basic  a i r  f l o v  design concepts as s h o w  in  FIGURES I thru I11 were: 

FIG. I i n d i c a t e s  the bas i c  pressure r e l a t i o n s h i p s  and a i r  flow d i r e c t i o n  

f o r  a s e p t i c  f i l l  areas. Rather than at tempting t o  c o n t r o l  t o  a s p e c i f i c  pressure- 

by-pressure c o n t r o l  technique, we at tempt  t o  keep the  a i r  flow d i r e c t i o n  from clean 

t o  l e s s  c lean a reas ,  r e a l i z i n g  t h a t  temperature g rad ien t s  and opening of doors temp- 

o r a r i l y  i n t e r r u p t  t hese  r e l a t i o n s h i p s .  Such devices  as the  mechanical flov simulator  

and smoke t e s t i n g  have been e f f e c t i v e l y  used f o r  t h i s  task.  

FIG. I1 (Typical Asept ic  F i l l  Rood p i c t o r i a l l y  desc r ibes  s o l e  of those con- 

cep t s  Abbott considers  d e s i r a b l e  for an a s e p t i c  f a c i l i t y  such as: 
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PROJECT ENGINEERING AND THE ENVIRONMENT 415 
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417 PROJECT ENGINEERING AND THE ENVIRONMENT 

1) Low re tu rns  t o  "sweep" the f l o o r  and con t ro l  a i r  d i r ec t ion .  

2)  Product p ro tec t ion  (by t he  use of p l a s t i c  cu r t a ins )  r a the r  than 

e n t i r e  room protect ion.  

3) Terminal HEPA f i l t e r s  r a the r  than HEPA filters a t  the a i r  handler 

discharge. 

4) Sealed c e i l i n g s  a s  well a s  sealed l i g h t  f i x t u r e s .  

Along with some add i t iona l  concept d e t a i l s  shown i n  FIGURE I11 (door c lose r s  

on l e a s t  c lean s ide.  .22 micron f i l t e r s  on all a i r l g a s e s  brought i n t o  the room), a 

product pressure plenum concept was  developed f o r  this negat ive p re s su re  powder f i l l  

room i n  o rde r  t o  prevent air flow from the non-aseptic capping a rea  i n t o  the a s e p t i c  

powder fill room. 

In order  t o  con t ro l  t he  environmental construct ion aspects  of these r o m s  and 

thus the  f i n a l  product, the following program w a s  implemented: 

A. I n i t i a l  conceptual design i n  house. f i n a l  design c a r r i e d  ou t  by an cu t s ide  

A-E f i rm wi th  monitoring by the  Abbott s t a f f .  

B. Equipment purchased by Abbott: 

1. All c l e s n l s t e r i l e  a r ea  a i r  handlers. 

2. Termlnal and a f t e r  f i l t e r s ,  i n s t a l l e d  and t e s t e d .  
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418 

C. Sepa ra t e  c o n t r a c t s  by Abbot<: 

1. WAC 

2 .  Mechanical P ip ing  

3. F i l t e r s  (Hoods, f i l e e r s ,  f i l t e r  i n s t a l l a t i o n ,  DOP t e s t i n g ,  and 

c e r t i f i c a t i o n ) .  

4 .  Contro ls  

5 .  Test and Balance 

6. Above c e i l i n g  cleanup 

I n  t h e  case of  s e p a r a t e  c o n t r a c t s ,  p r i o r  t o  lump sum bidding ,  a l l  c o n t r a c t o r s  

were c a l l e d  i n  t o  d i s c u s s  t h e  p r o j e c t  p r i o r  t o  t h e i r  submission of proposals--in 

me WAC and Xechanical ca ses ,  the  p r o j e c t  engineer  and t h e  WAC engineer  v i s i t e d  

ttie c o n t r a c t o r ' s  shops  for approximately 1 / 2  day each, w i th  9WX complete drawings 

i n  o rde r  t o  o b t a i n  a knowledge of the  c o n t r a c t o r s '  c a p a b i l i t i e s ,  a s  w e l l  as t r u e l y  

competa t ive  b ids .  I n  add i t ion .  a l l  changes t o  c o n t r a c t s  ( f i e l d  or des ign )  were 

con t ro l l ed  and adminis te red  by t h e  Abbott p r o j e c t  or si te  engineer .  

Despi te  these  p recau t ions ,  and as v i t h  any complex cons t ruc t ion .  temporary 

problems occurred ,  such as: 

A. Air Handler fan vor t ex  c o n t r o l s  v e r e  mispurchased by the  f a n  s u p p l i e r ,  had 

t o  be changed o u t  i n  the  f i e l d .  

B. Povder room ducrvork w a s  n o t  provided accord ing  t o  spec  (welded aluminum)- 

p a r t i a l l y  r ep laced  i n  f i e l d .  
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PROJECT ENGINEERING AND THE E N V I R 0 " T  

C.  A i r  handlers  not  properly bol ted to  the  floor. 

419 

D. F i r e  Damper i n s t a l l a t i o n  not according t o  SMACNA (Sheet Metal and A i r  

Conditioning Nat ional  Association) r e q u i r a e n t s  and many vere  missing. 

R e i n s t a l l e d  and add i t iona l  u n i t s  purchased. 

E. Volume damper cons t ruc t ion  d id  nor meet SMACNA requirements fo r  t h e  th ru  

rod cons t ruc t ion  with excessive widths.  

F. Ductvork intermediate  bracing did not  meet SMACNA requirements f o r  l a r g e  

ductvork sizes. 

G. F i l t e r  con t r ac to r  d id  not vant  t o  f i e l d  DOP test h i s  f i l t e r s ,  al though 

i n  s p e c i f i c a t i o n ,  eventual ly  d id  same. 

H. Control panels ,  supposedly f ac to ry  checked, required some f i e l d  rewir ing.  

I. Volume dampers i n  c e r t a i n  l a r g e  HEPA f i l t e r  hoods which would no t  s t a y  i n  

a f ixed  pos i t i on  (other  than f u l l y  c losed ) .  

J. Dryers would no t  perform. 

The f i r s t  production l i n e  s t a r t e d  up approximately on schedule and subsequent 

l i n e  s t a r t u p s  spaced. on t h e  average, w e l l  over a month a p a r t ,  have subsequently 

been placed i n t o  production. 

Environmental t e s t s  are performed on a rou t ine  basis and d a t a  of a c t u a l  f i nd ings  

du r ing  the  period from March t h r u  July 1974 a r e  shoun i n  Fig.. 4 and 5 .  Afte r  l ine  

; t a r tup ,  t h e  monitoring func t ion  became a q u a l i t y  assurance r e s p o n s i b i l i t y  and the  
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022  BRPMER AND EmANIMFF 

a c t u a l  measurements have  been based on v i a b l e s  ( a c t u a l  l i v e  b a c e e r i a )  p e r  volume 

of  a i r  o r  s u r f a c e  a r e a  r a t h e r  t h a n  t h e  p a r t i c u l a t e  l e v e l  approach  which s e r v e d  a s  t h e  

d e s i g n  basis. The m o n i t o r i n g  is p r i n c i p a l l y  done on a m i c r o b i o l o g i c a l  b a s i s  r a t h e r  

:ban a p a r t i c u l a t e  b a s i s  i n  t h a t  o u r  major concern  € o r  t h e s e  sys tems i s  m i c r o o i o l o g i c a l  

wi th  p a r t i c u l a t e  l e v e l s  b e i n g  s e c o n d a r i l y  s i g n i f i c a n t .  Impor tance  O E  t h e  f i n a l  

p r o d u c t  q u a l i t y  b e i n g  more a f u n c t i o n  of  washing q u a l i t y  r a t h e r  t h a n  a i r  q u a l i t y .  

FIGURE VI 
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PROJECT ENGINEERING AND THE ENVIRORENT 423 

7 
Fig .  V I  d e s c r i b e s  t h e  a c t u a l  v i a b l e s  l e v e l  I n  a s e p t i c  flll rooms ( p e r  30 f c ’ , .  

as o b t a i n e d  by a s l i t  a i r  sampler .  The samples were taken  on a d a i l v  b a s i s  w h i l e  

a c t u a l  f i l l i n g  was t a k i n g  p l a c e ,  and only f o r  t h o s e  rooms i n  product ion  

F i g .  VII i n d i c a t e s  r e s u l t s  of swab samples on work s u r f a c e s  (convevors OK tu rn-  

t a b l e s )  under  c u r t a i n e d  l a m i n a r  f low w h i l e  p r o d u c t i o n  was a l s o  i n  p r o g r e s s  
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424 BREMHER AND EMYANITOFF 

Where v i a b l e  counts  have peaked, t hese  have been of sho r t  du ra t ion ,  as sub- 

sequent "follow-up" t e s t s  taken have been a t  t he  "zero" l e v e l  proving t o  our satis-  

f a c t i o n  t h a t  t he  a i r  systems a r e  "cleaning up" l o c a l l y  generated v i a b l e s .  

W e  be l i eve  Abbott is s a t i s f i e d  with the performance of t h e i r  systems. I e  is 

an t i c ipa t ed  t h a t  f u t u r e  data will allow us to f i n e  tune our design so t he  des i r ed  

r e s u l t s  can be achieved more economically.  

DEFINITIONS 

1) TERNINALLY STERILIZED - Product s t e r i l i z e d  a f t e r  filling. 

2 )  ASEPTIC - Free from l i v i n g  organisms, sterile. 

3) ASEPTIC FILL - Some products  vould degrade or have a s h o r t e r  
she l f  l i f e  i f  terminal ly  s t e r i l i z e d ,  t hese  
products  are f i l l e d  i n  an a s e p t i c  environment. 

4 )  VIABLE - Live bac te r i a .  

5 )  CLASS 100 - No more than 100 p a r t i c l e s  per  cubic  f e e t  of 
. 5  micron o r  more s i r e ,  and no p a r t i c l e s  over 
5 micron. 

6 )  DOP TESTING - In t roduc t ion  of a known p a r t i c u l a t e  l e v e l  and 
s i z e  d i s t r i b u t i o n  upstream of t h e  f i l t e r  to 
check f o r  leaks.  

7 )  SHACNA - Sheet Metal and A i r  Conditioning Nat ional  Associat ion.  

8) WAC - Heating, Ven t i l a t ing ,  and A i r  Conditioning. 
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