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FOREWORD 

This study is a continuation of work initiated by LTC W. Schane and 
CPT G. Hody at the U. S. Army Aeromedical Research Unit. The report 
was written at Geoscience Ltd., 410 South Cedros Avenue, Solana Beach, 
California 92075, under U° S. Army Contract No. DABCOI-69-C-0247. 



ABSTRACT 

The U. S. Army Aeromedical Research Laboratory is often required to 
make specialized measurements and perform applied research in aircraft-related 
areas of environmental medicine. Rapid access to the periodical literature is 
essential for the completion of many of these projects. A growing file of re- 
prints from the periodical literature is available at USAARL. A method for the 
orderly storage of the reprints in printed form and a separate scheme for rapid 
retrieval of abstracts was developed for the file. Beth methods were based 
upon the natural organization of the data. Storage of papers within the file 
will be based on the major topic of each reprint while retrieval will be accom- 
plished by the use of key words. The combined system is expandable and can 
be easily adapted to a variety of mechanical, electro-optical and computer 
storage and retrieval methods. 
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INTRODUCTION 

The U, S. A r m y  A e r o m e d i c a l  R e s e a r c h  L a b o r a t o r y  (USAARL) is of ten  
invo lved  in the  e x a m i n a t i o n  of  the  h a z a r d s  which  a r i s e  when  toxic  m a t e r i a l s  
a r e  p r e s e n t  in the  a i r c r a f t  e n v i r o n m e n t .  Howeve r ,  n e i t h e r  a ful l  tox ico logy  
l a b o r a t o r y  no r  a h igh ly  s p e c i a l i z e d  s taf f  is y e t  ava i l ab le  at  USAARL p r o p e r .  
In s t ead ,  a p h y s i o l o g i s t ,  b i o c h e m i s t ,  o r  av ia t ion  m e d i c i n e  s p e c i a l i s t  wi th  t r a i n -  
ing in i n s t r u m e n t a t i o n  is  u sua l l y  a s s i g n e d  to the  tox ico logy  p r o b l e m s .  Th i s  is  
a s a t i s f a c t o r y  so lu t i on  b e c a u s e  the  l a r g e s t  p r o p o r t i o n  of  the  w o r k  is measure-  
m e n t ,  a t a s k  which  is  e a s i l y  l e a r n e d  by anyone wi th  a good s c i en t i f i c  b a c k g r o u n d .  
The  USAARL s t a f f ' s  f a m i l i a r i t y  wi th  av ia t ion  and the  p e c u l i a r  r e q u i r e m e n t s  of  
the  f ly ing  t a s k  is  a g r e a t  advan tage  which  m o r e  than  b a l a n c e s  t h e i r  i n c o m p l e t e  
knowledge  of  h ighly  spec i f i c  a r e a s  of tox ico logy .  Often,  s o m e  app l i ed  r e s e a r c h  
as  we l l  as  c r i t i c a l  eva lua t ion  of n ~ a s u r e m e n t  r e s u l t s  a r e  a l so  r e q u i r e d .  In 
t hos e  c a s e s ,  e x p e r t  c o n s u l t a n t s  a r e  a s k e d  to a s s i s t  the  USAARL staff ,  p a r t i -  
c u l a r l y  in the p lann ing  and f inal  eva lua t ion  p h a s e s  of the  p r o j e c t .  

In al l  c a s e s ,  the  r e s p o n s i b i l i t y  for  r e c o m m e n d a t i o n s  r e l a t e d  to a i r c r a f t  
s a f e t y  l i e s  wi th  USAARL and,  in m a n y  p r o j e c t s ,  a f a s t  r e s p o n s e  is  e s s e n t i a l .  
F o r  t h e s e  r e a s o n s ,  c u r r e n t ,  a u t h o r i t a t i v e  i n f o r m a t i o n  m u s t  be  r a p i d l y  a v a i l a -  
b le  and e a s i l y  a c c e s s i b l e  to the  i n v e s t i g a t o r s .  In add i t ion  to the  e x c e l l e n t  
t ex tbook c o l l e c t i o n  ava i l ab le  at  the  USAARL l i b r a r y ,  a f i le  of r e p r i n t s  f r o m  the 
c u r r e n t  e n v i r o n m e n t a l  m e d i c i n e  l i t e r a t u r e  was  begun  in 1965. The s i ze  of the  
c o l l e c t i o n  g rew  as  the  r e s u l t  of  c o n t r i b u t i o n s  f r o m  c o n s u l t a n t s ,  s c a n n i n g  of 
c u r r e n t  p e r i o d i c a l s  by i n v e s t i g a t o r s ,  and c o m p u t e r - a s s i s t e d  s e a r c h e s  by the  
Defense  D o c u m e n t a t i o n  Cen te r  (DDC) and the  Nat ional  L i b r a r y  of Med ic ine .  
Addi t iona l  p a p e r s  w e r e  added  by G e o s e i e n c e  Ltd .  unde r  U. S. A r m y  c o n t r a c t  
DABCOI-69-C-0247  (June 1969). 

A p o r t i o n  of  the  w o r k  p e r f o r m e d  unde r  A r m y  c o n t r a c t  at  G e o s c i e n c e  was  
a c a r e f u l  e x a m i n a t i o n  and o r g a n i z a t i o n  of  the  l i t e r a t u r e  f i le .  Whi le  it  is  
n e c e s s a r y  to a c c o m m o d a t e  the  p r e s e n t  c o l l e c t i o n  in p r i n t e d  f o r m ,  the  use  of 
a u t o m a t e d  s t o r a g e  and r e t r i e v a l  m e t h o d s  is  p l anned  for  the  n e a r  f u tu r e .  
T h e r e f o r e ,  any  s y s t e m  s e l e c t e d  fo r  the  i m m e d i a t e  r e q u i r e m e n t  m u s t  be  e a s i l y  
c o n v e r t i b l e  to an a u t o m a t i c  m o d e  of o p e r a t i o n .  

A combination of filing by subject and retrieval by key words was chosen 
and in i t i a l  sub j ec t  h e a d i n g s  and key  w o r d s  w e r e  s e l e c t e d .  The  spec i f i c  e x a m p l e s  
g iven  wi l l  p r o b a b l y  p r o v e  to be  na ive  o r  r e s t r i c t i v e  as  new s t u d i e s  a r e  in i t ia ted  
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and new data  s t o r a g e  m e t h o d s  a r e  deve loped .  The g e n e r a l  s c h e m e ,  h o w e v e r ,  
shou ld  p r o v e  to be an e f f i c ien t  and e c o n o m i c  one ,  p a r t i c u l a r l y  with the  p r e s e n t  
l i t e r a t u r e  c o l l e c t i o n  and i ts  f o r e s e e a b l e  e x t e n s i o n s .  It shou ld  a l so  p rov ide  a 
sound  m o d e l  for  the  l a t e r  d e s i g n  of m o r e  c o m p l e x  s y s t e m s .  

F i r s t ,  the  t r a d i t i o n a l  m e t h o d s  of  o r g a n i z i n g  l i b r a r y  co l l e c t i ons  wil l  be 
b r i e f l y  d e s c r i b e d  and c o n t r a s t e d  to moce m o d e r n  t e c h n i q u e s .  Then ,  the  o r g a n i -  
za t ion  of  the  p r o p o s e d  f i le  wi l l  be d i s c u s s e d .  Coding s u g g e s t i o n s  wil l  be 
inc luded  in an append ix .  The ca t a log  s u b j e c t  head ings  with t h e i r  a s s o c i a t e d  
a c c e s s i o n  n u m b e r s  and an in i t ia l  key  w o r d  l i s t  wi l l  be l i s t ed .  The p r e s e n t  
ca t a log  of  r e p r i n t s  and a b s t r a c t s  wi l l  be d o c u m e n t e d  in a s u b s e q u e n t  pub l i ca t ion .  
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BACKGROUND 

C l a s s i c a l  L i b r a r y  Me thods  

The t r a d i t i o n a l  w a y  to index  a l i b r a r y  c o l l e c t i o n  is to p r o v i d e  a c a t a l o g  

e n t r y  u n d e r  the  t i t l e ,  a u t h o r  and m a j o r  s u b j e c t  of  each  d o c u m e n t .  The 

p r o c e s s  of f ind ing  i n f o r m a t i o n  on a s p e c i f i c  top ic  is  o f ten  v e r y  i n e f f i c i e n t  wi th  

s u c h  a t r a d i t i o n a l  index:  

" . . . a  knowledge  of  how and w h e r e  to f ind the  r e c o r d  of  a f ac t  is  

o f ten  of m o r e  p r a c t i c a l  u se  than  a knowledge  of  the  f ac t  i t s e l f . .  " 

" W h e n  a p h y s i c i a n  h a s  o b s e r v e d  a f a c t  . . . wh ich  he w i s h e s  

to e x a m i n e  by the  l igh t  of  m e d i c a l  l i t e r a t u r e ,  he is o f t en  v e r y  m u c h  

at  a loss  to know how to b e g i n  . . . .  The i n f o r m a t i o n  he d e s i r e s  m a y  

be . . . next  h i s  hand ,  bu t  how is he to know t h a t ?  And even  when  the  

u s u a l  s u b j e c t  c a t e g o r y  is p l a c e d  b e f o r e  h i m ,  he f inds  it v e r y  d i f f i cu l t  

to u se  i t ,  e s p e c i a l l y  w h e n  . . . he has  by  no m e a n s  a w e l l  de f ined  idea  

as  to wha t  it  is  he w i s h e s  to look fo r  . . . .  To f ind a c c o u n t s  of  c a s e s  

s i m i l a r  to y o u r  own r a r e  c a s e ,  you  m u s t  know wha t  y o u r  own c a s e  

i s . . .  the  s u b j e c t  c a t a l o g u e  . . . wi l l  o f t en  s e e m  . . . a v e r y  b l ind  

guide  to one who is not f a m i l i a r  wi th  the  c l a s s i f i c a t i o n  and n o m e n c l a t u r e  

adop ted  by the  c o m p i l e r  . . . .  v e r y  o f t e n  the  t i t l e  of  a book g ives  l i t t l e  

i n f o r m a t i o n  a s  to i t s  c o n t e n t s  . . " 

- - - J o h n  Shaw Bi l l i ngs  (1881) 1 

Doc to r  B i l l i n g s '  e x a s p e r a t i o n  wi th  s u b j e c t  c a t a l o g s  would  on ly  i n c r e a s e  w e r e  

he f a c e d  wi th  the  m a l i g n a n t  g r o w t h  r a t e  of  the  m o d e r n  p e r i o d i c a l  l i t e r a t u r e .  

M a n y  of  the  d i f f i c u l t i e s  in  the  r e t r i e v a l  o f  the  i n f o r m a t i o n  c o n t a i n e d  in 

w r i t t e n  a r t i c l e s  a r e  m u c h  the  s a m e  t o d a y  as  t h e y  w e r e  in 1881. Some of  the 

p r i n c i p a l  p r o b l e m s  a r e :  

. E v e n  a s i m p l e  p a p e r  u s u a l l y  c o n t a i n s  s e v e r a l  i m p o r t a n t  c o n c e p t s ,  

m e t h o d s ,  o r  m e a s u r e m e n t s ,  not  a l l  of  wh ich  c a n  be r e f e r r e d  to in 

the t i t l e .  

. An i n t e r e s t e d  i n v e s t i g a t o r  m a y  ca l l  a c e r t a i n  p h e n o m e n o n  by  a 

p a r t i c u l a r  n a m e  w h i l e  the  a u t h o r  of  a n o t h e r  a r t i c l e  about  the  s a m e  

p h e n o m e n o n  m a y  u s e  an  e n t i r e l y  d i f f e r e n t  s y n o n y m .  
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. A r e s e a r c h e r  may  be able to s ta te  his p rob l em in te l l igent ly  but if that  

s t a t e m e n t  is not couched in the convent ional  language of the spec ia l ty  

f ield c o n c e r n e d ,  he will  not find many  a r t i c l e s  whose  t i t les  would 
sugges t  that  they a r e  r e l e v a n t  to his p rob l em.  

. The volume of the l i t e r a t u r e ,  and its spec i f i c i ty ,  a r e  so e x t r e m e  that  

an individual can only be in t ima te ly  f a m i l i a r  with a sma l l ,  spec ia l i zed  
s e g m e n t .  

The old sub jec t  ca ta log  st i l l  is useful ,  however ,  in providing a f r a m e w o r k  

for  o r d e r l y  sequenc ing  of document s  within a f i le .  It is a lso  useful  in the event  

that  o ther  data r e t r i e v a l  aids a r e  unavai lable  due to d i s t ance  or  mechan i ca l  

f a i lu re .  In such c a s e s ,  a logical  fiIe o rgan iza t ion  is c e r t a i n l y  be t t e r  than a 

r a n d o m  number ing  s y s t e m .  A de ta i led  subjec t  ca ta log is a lso useful  for  

b rows ing  and to e s t ab l i sh  the scope of a co l lec t ion .  

Additional aids to data retrieval are essential, however, for rapid and 

efficient use of a literature collection. In the classification developed in this 

study, a catalog is used and it serves as the basis for giving a unique accession 

number to each document within the file. 

Key Word Sys t ems  

A group of key words (a "key word" may actually consist of a short phrase), 

a key word list, can represent the contents of an article more comprehensively 

than a title. The concept of the key word could be used with a catalog system, 

but it would require a catalog entry for each reprint under each of its key words. 

In addition to the size of such a catalog, access to a particular card would be a 

tedious process. The retrieval of reprints on the basis of key word lists is 

practical only because modern devices can be used to store and search large 

lists and source information efficiently. The same automatic devices also add 

great power to the technique because they can be instructed to search for speci- 

fied key word combinations as well as single key words. Reprints whose associated 

key word lists omit certain key words can also be selectively recovered. 

The use of large digital computers has revolutionized the storage and 

retrieval of information in general, but the methods of data processing are just 

beginning to be applied extensively to library sciences. The primary reason for 

the time which elapsed between their use in science and business and their 

application to library systems is their high cost. Fortunately, this cost is 
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rap id ly  dec reas ing .  Also,  a number  of far  l e ss  expensive but highly useful  
au tomat ic  r e t r i e v a l  aids a re  avai lable .  A few of these  will  be desc r ibed .  

Key Word Ret r ieva l  Aids 

The cos t  s p e c t r u m  for r e t r i e v a l  aids r anges  f r o m  two dol la rs  for a deck of 
spec ia l  ca rds  to a mu l t i -mi l l i on  dol lar  outlay for a compu te r  s y s t e m .  Natural ly ,  
the convenience and capaci ty of the s y s t e m s  is to some  degree  p ropor t iona l  to 
the i r  cos t .  The m o s t  popular  methods  fall into the ca t egor i e s  of: punch c a r d /  
mechan ica l  r e t r i eva l ;  punch ca rd  plus m i c r o f i l m / e l e c t r o n i c  r e t r i eva l ;  m i c r o -  
f i l m / e l e c t r o - o p t i c a l  r e t r i eva l ;  and fully compute r  cont ro l led  s y s t e m s .  

The punch ca rds  for mechan ica l  r e t r i e v a l  a re  c i r cumfe ren t i a l l y  l ined with 
numbered  holes  which can be conver ted  to s lots  with a s imple  hand tool.  When 
a so r t ing  rod  is pushed through a pa r t i cu l a r  pe r iphe ra l  hole,  only the ca rds  
s lot ted at that  posi t ion drop out of the deck.  A sample  ca rd  f r o m  a r e p r e s e n t a t i v e  
s y s t e m  is shown in F igure  1. To use these ,  a s epa ra t e  ca rd  is p r e p a r e d  for each 
r e p r i n t .  The face of the ca rd  contains  in pr in ted  f o r m  acces s ion  in format ion  
for r e c o v e r y  of the r e p r i n t  f rom the file and it may also contain a wr i t t en  
abs t r ac t .  The key word  l is t  is encoded into the pe r iphe ra l  holes  by s lot t ing a 
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Figure  1. Typical  edge-punched  data s torage  ca rd  for mechan ica l  r e t r i e v a l .  



spec i f ic  edge hole for  each key  word  d e s i r e d  (each key  word  in the s y s t e m  is 

a s s igned  a hole number ) .  The capac i ty  of the s y s t e m  is l imi ted  with r e s p e c t  

to poss ib le  key  words  by the total  number  of edge holes  (116). As many  

r e p r i n t s  as d e s i r e d  can be a c c o m m o d a t e d  by i n c r e a s i n g  the number  of c a r d s .  

A c c e s s  t ime  i n c r e a s e s  s l ight ly  as m o r e  c a r d s  a r e  added.  

Another  punched c a r d  s y s t e m  has a l a r g e r  key word capac i ty  but is a l i t t le  

m o r e  expens ive  and diff icul t  to use .  In this s y s t e m  each c a r d  r e p r e s e n t s  a key 

word  r a t h e r  than a r e p r i n t .  Each  c a r d  can be d r i l l ed  with a p r e c i s i o n  mach ine  

in one of ten thousand spots .  Each hole locat ion can be uniquely ident i f ied by its 

coord ina te  posi t ion on a 100 x 100 posi t ion g r i d - r u l e d  pa t t e rn .  To en t e r  a 
document  into the s y s t e m ,  it is f i r s t  a s s igned  an a r b i t r a r y  number  f r o m  one to  

ten thousand for  a c c e s s i o n ,  and the pr in ted  m a t e r i a l  is then s t o r e d  under  that  

number  in a s imple  sequent ia l  f i le  s y s t e m .  To encode key words ,  the c a r d s  

c o r r e s p o n d i n g  to the d e s i r e d  key  words  a r e  r e m o v e d  f r o m  the s y s t e m  and d r i l l ed  
in the spot whose  coo rd ina t e s  r e p r e s e n t  the a c c e s s i o n  number  of the document  

being e n t e r e d .  To r e c o v e r  the spec i f ic  r e p r i n t s  a s s o c i a t e d  with a s ingle key  
word the c a r d  r e p r e s e n t i n g  that  key  word  is p laced on a spec ia l  r e a d e r ,  which 

is ma in ly  a back - l igh ted  ground g lass  s c r e e n  with a f inely ru l ed  100 x 100 

divis ion gr id .  By s imply  looking at the back- l igh ted  s c r e e n  th rough  the c a r d ,  

the locat ion of the d r i l l ed  holes  and the a s s o c i a t e d  document  a c c e s s i o n  n u m b e r s  

can be r e a d .  Key word  c a r d s  can be used in combina t ion  by s u p e r i m p o s i n g  them 

when they a r e  p laced on the r e a d e r .  If this  is done only the a c c e s s i o n  number s  

c o r r e s p o n d i n g  to hole locat ions  d r i l l ed  through on both key word  c a r d s  wil l  be 

r e a d .  The s y s t e m  can a c c o m m o d a t e  10,000 r e p r i n t s  pe r  c a r d  deck and t h e r e  

is no l imi t  to the number  of key  words  used.  Each  new key  word  c a r d  s l ight ly  

i n c r e a s e s  the r e c o v e r y  t ime  for a t y p i c a l  appl icat ion of the s y s t e m .  A ten-  

y e a r  accumula t ion  of r e p r i n t s  in Nephrology has  been s u c c e s s f u l l y  indexed by 
2 

this me thod  . 

The next  m o s t  complex  method  is the use of an au tomat ic  c a r d  s o r t e r  such 

as the type made  by In te rna t iona l  Bus iness  Machines .  With this  s y s t e m ,  each 

c a r d  c a r r i e s  e i the r  w r i t t e n  a c c e s s i o n  in fo rmat ion  for  a s ingle  r e p r i n t ,  or  it 

m a y  c a r r y  the en t i r e  r e p r i n t  (or an abs t rac t )  on m i c r o f i l m  i n c o r p o r a t e d  into 

the c a r d  cons t ruc t ion .  The key words  a s soc i a t ed  with the r e p r i n t  a r e  encoded 
in the f o r m  of punched holes  in spec i f ied  locat ions  on the c a r d  3 (f igure 2). The 

m a x i m u m  number  of co lumns  of holes  is e ighty for  a s t anda rd  c a r d .  Each  
co lumn can r e p r e s e n t  e i the r  a number  f r o m  0 to 9 or  any l e t t e r  of the a lphabet .  
Usual ly  the key  words  a r e  not punched on the c a r d  in a lphabet ic  f o r m .  Ra the r ,  
for  e f f i c i ency ,  a n u m b e r  is a s s igned  to the key  words  and the number  is punched 
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Figure 2. Typical punched card for automatic sort ing.  

on the card .  

The capacity of such a sys tem can easi ly  be demons t ra ted .  For example,  
if it is a ssumed that 9,999 key words a re  sufficient,  each key word can be 
r ep resen ted  by a four-digi t  number .  When it is punched into a card ,  such a 
four-digi t  group is called a field. Since each card  can hold eighty columns of 
information and each field is composed of four digits,  each card  will  hold twenty 
f ields.  Should more  than twenty key words be requ i red  for any repr in t ,  the 
key word l is t  can be "continued" on a subsequent card .  Thus, the sys tem has 
no absolute l imit ,  e i ther  with r e f e r ence  to the number of repr in t s  which can be 
accommodated ,  or with r espec t  to the number of key words per  r epr in t .  

Punched ca rd / e l ec t ron i c  r e t r i eva l  sys tems  a re  re la t ive ly  fast  and the 
equipment requ i red ,  while fa i r ly  cost ly,  can be leased at reasonable  r a t e s .  
The principal  prac t ica l  problems a re  those of handling large numbers  of ca rds  

and manual ly introducing them into the sor t ing device.  In addition, the sys tems  
which include microf i lmed  copies of the filed publications on the punched card  
often yield reproduct ions  of r a the r  infer ior  quality. 



M i c r o f i l m  s y s t e m s  have undergone  impor t an t  r e c e n t  i m p r o v e m e n t s .  For  

example ,  one of the m o s t  m o d e r n ,  the Kodak Miracode* ,  c a r r i e s  in fo rmat ion  

e n t i r e l y  on s ix teen  m i l l i m e t e r  m i c r o f i l m  encased  in ea s i l y -hand l ed  c a s s e t t e s .  
The en t i r e  text  of the s t o r e d  document s  is usua l ly  conta ined in the f i lms  though 

s e l ec t ed  por t ions  or  a b s t r a c t s  can,  of c o u r s e ,  be s t o r ed  ins tead .  A key  word  

l is t  a s s o c i a t e d  with each r e p r i n t  is c a r r i e d  on the f i lm in the f o r m  of an optical  

code .  A " r e t r i e v a l  s ta t ion"  is able to scan  the f i lms  at  e x t r e m e l y  high speeds ,  
stopping a u t oma t i c a l l y  at the d e s i r e d  document  which can then be viewed on a 

s c r e e n  or  r e p r o d u c e d  in pr in ted  f o r m .  

The capacity of this system can be illustrated in the same way as that of a 

punched card deck. Each film "frame" unit can hold one page of a document 

or, alternatively, three columns of coded data for retrieval purposes, plus 

certain other information such as automatic verification and a "utility bit. " 

Finally, each one hundred-foot cassette of film holds 3000 frame units. It is 

easy to show that if each reprint is assumed to occupy ten pages, each key word 

is allowed four digits for identification and twenty key words are allowed per 

reprint, about eighty reprints with their associated key word lists can be 

accommodated per cassette of microfilm. Since the number of cassettes can 

be increased without limit, the system is indefinitely expandable. 

The most rapid and versatile methods are based entirely upon computer 

storage of data and fully automatic retrieval. One major advantage of the 

computer systems is that they do not restrict the choice of key words to a pre- 

determined numbered list as do the methods described above. Instead, any 

"non-trivial" word may be a key word (articles, conjunctions and such are 

trivial). Very large capacity systems may store only selected data such as: 

accession information, title, author, journal data, and perhaps author affilia- 

tion. An unusual service, ASCE Ill**, also includes the references listed in 

the filed article's bibliography. Thus, a paper can be found on the basis of 

* E a s t m a n  Kodak & Company,  R o c h e s t e r ,  New York. 

**Inst i tu te  for  Scient if ic  In format ion ,  325 Chestnut  S t ree t ,  Phi lade lphia ,  

Pennsy lvan ia  19106. 



earlier work which it cites. An extremely convenient service is provided by 

Data Central*, whose system files the full text of desired articles or abstracts 

and makes each non-trivial word within the text into a key word. Not only may 

combinations and omissions of key words be included in recovery instructions, 

but the spacing of the words within the text can also be specified. The operation 

of the system is carried on by continuous dialogue with the computer so that the 

user can narrow the search as necessary. An internal synonym dictionary is 

included in the system and the search automatically encompasses synonyms to 

the key words requested. 

In summary, it is possible to use a number of mechanical and electronic 

devices to help in the recovery of information on the basis of a list of key words. 

The ultimate generalization of the principle is illustrated by the computer system 

which includes every word in the file as a key word. There are clear tradeoffs, 

which must be made between cost, capacity and convenience. The simplest 

systems become unwieldy if their capacity is stretched too fa.r. The other chief 

disadvantage of all but the most advanced computer systems is that the user is 

limited to a specified dictionary of key words. While the access time for the 

computer systems is very short and almost independent of the system's size, 

their usefulness is still limited, primarily, by their high initial and operating 

costs .  

*Data Corporation, 7500 Old Xenia Pike,  Dayton, Ohio 45432. 
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CATALOG ORGANIZATION 

The Catalog 

The ca t a log  is s i m p l y  a l i s t  of al l  d o c u m e n t s  in the  l i t e r a t u r e  f i le ,  a r r a n g e d  
in a c c o r d  wi th  the  p r i n c i p a l  sub j ec t  of  t he i r  c o n t e n t s .  In th i s  way,  the  ca t a log  
p r o v i d e s  an a l t e r n a t i v e  to a key  w o r d  s e a r c h  when  r e c o v e r y  of i n f o r m a t i o n  of 
a r e l a t i v e l y  g e n e r a l  n a t u r e  is r e q u i r e d .  Each  ca t a log  e n t r y  con ta ins  the  au tho r  
a nd  the  t i t l e  of the  d o c u m e n t ,  i ts  o r i g i n a l  s o u r c e  and a key  w o r d  l i s t .  An 
a b s t r a c t  m a y  be added  at  a l a t e r  da te .  

If a ca t a log  of th is  type is r e s t r i c t e d  to a r e l a t i v e l y  spec i f i c  sub j ec t  a r e a ,  
such  as " e n v i r o n m e n t a l  m e d i c i n e  r e l a t e d  to av ia t ion ,  " the a r r a n g e m e n t  of the 
con ten t s  can  be t a i l o r e d  to fi t  the  t op i c s  i m p o r t a n t  to the s p e c i a l i t y  f ie ld  c o v e r e d .  
F o r  e x a m p l e ,  in th is  l i t e r a t u r e  f i le ,  m o s t  p a p e r s  wil l  fal l  into j u s t  fou r  l a r g e  
g roup ings :  b a s i c  s c i e n c e s  ( c h e m i s t r y  and p h y s i c s ,  ma in ly ) ,  s a m p l i n g  m e t h o d s ,  
ana ly t i ca l  m e t h o d s ,  and tox ico logy  (b io logica l  e f fec t s  of tox ic  m a t e r i a l s ) .  Wi th in  
each  of t h e s e  g r o u p s ,  f u r t h e r  c l a s s i f i c a t i o n  can  be m a d e  on the  b a s i s  of the  
a p p r o a c h  to the  s u b j e c t .  F o r  e x a m p l e ,  a spec i f i c  c h e m i c a l  agen t ,  an ana ly t i ca l  
o r  e x p e r i m e n t a l  m e t h o d ,  o r  a p a r t i c u l a r  b io log i ca l  e f fec t  m a y  be the  p a r a m e t e r  
of m a j o r  c o n c e r n  to the  a u t h o r .  The p r o c e s s  of r e f i n e m e n t  of the  c l a s s i f i c a t i o n s  
is  con t inued  unt i l  the  m o s t  spec i f i c  g r o u p s  con ta in  m a n a g e a b l e  n u m b e r s  of e n t r i e s  
f r o m  the poin t  of  view of conven i en t  s c a n n i n g  by a r e a d e r .  

Accession Numbers 

The a c c e s s i o n  n u m b e r  is s i m p l y  an i den t i f i e r  fo r  each  d o c u m e n t  in the  f i le .  
Each  i t e m  in the  c o l l e c t i o n  is  f i led log ica l ly  by a c c e s s i o n  n u m b e r  for  fas t  
r e c o v e r y .  The p r e s e n t  and p r o j e c t e d  s i ze  of the  l i t e r a t u r e  c o l l e c t i o n  d i c t a t e s  
the  c o n f i g u r a t i o n  of the a c c e s s i o n  n u m b e r s .  F o r  th is  g roup  of d o c u m e n t s ,  they  
w e r e  m a d e  to al low t h r e e  g r o u p s  of c l a s s i f i c a t i o n  p lus  an ind iv idua l  r e p r i n t  
n u m b e r  wi th in  the  m o s t  spec i f i c  g roup .  The way in which  a t yp i ca l  a c c e s s i o n  
n u m b e r  is w r i t t e n  is  s e e n  below (F igu re  3). 

Ma jo r  Group Minor  Group Subgroup Indiv idual  N u m b e r  

1 2  3 4  5 6  0 7 

F i g u r e  3. A r r a n g e m e n t  of A c c e s s i o n  N u m b e r s  
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Individual n u m b e r s  within the subgroup a r e  a s s igned  in ch rono log ica l  o r d e r  

in which the documen t s  a r e  r e c e i v e d  and have no spec i f i c  mean ing .  Obviously,  

as long as a space  is used  to s e p a r a t e  the g roups  when they a r e  wr i t t en ,  the 

n u m b e r  of e n t r i e s  in each  group can be indef in i te ly  e n l a r g e d .  However ,  if 

d i r e c t  use  of these  a c c e s s i o n  n u m b e r s  in a c o m p u t e r  is d e s i r e d ,  it would 

probably  be d e s i r a b l e  to spec i fy  a m a x i m u m  s ize  of " f ie ld ,  " say  t h r e e  or  four  

digi ts ,  that  each  group would be al lowed to occupy.  

A few s imple  convent ions  e n s u r e  a u n i f o r m l y - c o n s i s t e n t  s y s t e m :  

1. Each  m a j o r  group conta ins  two o r  m o r e  mino r  g roups .  The f i r s t  

m i n o r  group is a lways  a " m i s c e l l a n e o u s "  group.  

. Misce l l aneous  e n t r i e s  a r e  those  which do not fi t  into any o ther  

c l a s s i f i ca t ion .  When suff ic ient  m i s c e l l a n e o u s  e n t r i e s  of the s a m e  type 

have been  a c c umula t ed ,  they a r e  used to s t a r t  a new group.  

3. In the ca ta log  l i s t ings ,  m a j o r  groups  will  be p r in ted  in capi ta l  l e t t e r s ,  

m i n o r  groups  in lower  ca se  and subgroups  wil l  be indented.  

The full ca ta log  subjec t  headings  as of the date  of this  publ icat ion appea r  
as Appendix I. 
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THE KEY WORD DICTIONARY 

The init ial  word  l is t  s e l ec t ed  for  this l i t e r a t u r e  fi le was based  upon the 

capac i ty  of an edge-punched  c a r d  s y s t e m .  As the study p r o g r e s s e d ,  the 

USAARL announced ten ta t ive  plans to p u r c h a s e  e i t he r  an e l e c t r o - o p t i c a l  or  a 

c o m p u t e r  s to rage  and r e t r i e v a l  s y s t e m .  The key word se l ec t ion  p r o g r a m  was ,  

consequent ly ,  modi f ied .  

Key words  can be a r r a n g e d  logical ly  under  topical  headings  in the s a m e  

way as ca ta log  e n t r i e s  can.  The key words  a r e ,  however ,  usual ly  much m o r e  

specif ic  than ca ta log  headings  because  t h e r e  can be fa r  m o r e  of the key words  

and they can be used in logical  combina t ions .  The m a j o r  subjec t  headings  

chosen  for  the key  word  d i c t iona ry  are :  

BASIC SCIENCES (CHEMISTRY AND PHYSICS) 

LISTING OF AGENTS (GASES AND VAPORS) 

LISTING OF AGENTS (PARTICLES AND AEROSOLS) 

LISTING OF STUDIES (GROUPED BY ENVIRONMENTS) 

SAMPLING METHODS 

ANALYTICAL METHODS 

BIOLOGICAL E FFE CTS 

06 

ii 

19 

25 

31 

39 

51 

Two special key word categories were added. One identified 

REVIEW ARTICLES (01). A review article, as here defined, is one in which 

a subject is covered broadly or a number of research papers are discussed. 

Such an article may report new data as well, if its discussion of antecedent 

works is sufficiently comprehensive. Revie~vers who select key words will be 

ca l led  upon to use  judgment  in a ss ign ing  this  c a t e g o r y  s ince  a l m o s t  all r e s e a r c h  

pape r s  include b r i e f  c o m m e n t s  intended to provide  background  in format ion .  

The des ignat ion  of REVIEW ARTICLE should be r e s e r v e d  for  those  which a r e  

c l e a r l y  of value in obtaining a b road  s u m m a r y  of the d e s i r e d  subjec t .  

The second  spec ia l  c a t e g o r y  r e l a t e s  to the r e l e v a n c e  of the paper  to 
i n t e r e s t s  of the USAARL. Since this is obviously a subjec t ive  dec i s ion  which 

wil l  v a r y  with t ime  as the p ro j ec t s  change at USAARL, it would be d e s i r a b l e  to 
r ev i ew  it r e g u l a r l y .  A r t i c l e s  of no unusual  i n t e r e s t  to the A r m y  a r e  not keyed  

at all  in these  c a t e g o r i e s .  A r t i c l e s  of m o d e r a t e  i n t e r e s t  a r e  keyed MODER- 

ATELY RELEVANT (03) and those  of spec ia l  value a r e  keyed  HIGHLY 

RELEVANT (02). Inves t iga to r s  i n t e r e s t e d  in r e c o v e r y  of a r t i c l e s  of m o d e r -  

a te  r e l e v a n c e  would key  both 02 and 03, s ince  obviously a r t i c l e s  of " m o r e  than 
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moderate or high relevance" would interest them also. 

The key word dict ionary appears  as Appendix II. In this appendix, the 
key words are  grouped by subject.  The most  general  key words a re  printed in 
capital le t ters  and underl ined.  The next most  genera l  a re  printed in capitals 
and ass igned numbers  corresponding to the initial edge-punched card  key word 
select ions .  The most  specific key words are  printed in lower case and will not 
be assigned numbers  until a definite data s torage sys tem is acquired by 
USAARL. 
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SUMMARY 

A method for orderly storage and rapid retrieval of reprints in 

environmental medicine was developed. The documents are stored by 

accession numbers which are based upon the principal subject covered. A 

list of key words is appended to each entry in the accession number catalog. 

Thus, conversion to automated recovery should be easy. This report 

includes a list of current catalog subject headings and key words. 
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APPENDIX I 

ENVIRONMENTAL MEDICINE REPRINTS: 

SUBJECT HEADINGS AND ACCESSION NUMBERS 

BASIC SCIENCES 
(01 00 00) 

miscellaneous 

meteorology and atmospheric diffusion 

chemical kinetics, equilibria, interactions 

model studies, exhaust composition predictions, computer 
simulation of reactions, microrockefs 

SAMPLING METHODS (LISTED BY TYPE OF AGENT) 
(02 00 00) 

m isce I l an eous 

gases and vapors 

particles and aerosols 

ANALYTICAL METHODS (LISTED BY TYPE OF AGENT) 
(03 0o 00) 

miscellaneous 

aldehydes 

alkylating agents 

ammonia 

carbon monoxide 
miscel laneous 
in air by low cost tube methods 

1.1 



03 05 03 
03 05 04 
03 05 05 
03 05 06 

03 06 O0 

03 07 O0 
03 07 01 
03 07 02 

03 08 O0 
03 08 01 
03 08 02 

03 09 O0 

03 10 O0 

03 11 O0 

03 12 O0 

03 13 O0 

04 01 O0 

04 02 O0 

04 03 O0 

04 04 O0 

04 05 O0 

04 06 O0 

04 07 O0 

in alr,~ instrumental methods 
in blood by direct blood gas analysis 
in blood by estimation from alveolar air 
in blood and tissues at postmortem examination 

carbon dioxide 

oxides of nitrogen 
miscellaneous 
nitrogen dioxide 

hydrocarbons 
miscellaneous 
halogenated 

lead 

particles 

weapons exhaust 

vehicular exhaust 

sulfur dioxide 

ANALYTICAL METHODS (LISTED BY TYPE OF METHOD) 
(04 00 00) 

miscellaneous and multiple methods 

colorlmetry 

gas chromatography 

mass spectrometry 

infrared spectrometry 

thin film sensors 

microdiffusion anal ysls 

1.2 



04 08 O0 

04 09 O0 

04 10 O0 

04 11 O0 

05 01 00 

05 02 00 
05 02 01 
05 02 02 
05 02 03 

06 01 00 

06 02 00 

06 03 00 

06 04 00 

06 05 00 

O6 06 00 

06 07 00 
06 07 01 
06 07 02 

06 07 03 
06 07 04 
06 07 05 
06 08 06 
06 08 07 

inflammable or explosive vapor detectors 

NBS type detector tubes and low cost kits 

particle counting and sizing 

blood gas extraction 

ANALYTICAL METHODS (MISCELLANEOUS GROUPINGS) 
(o5 oo oo) 

mlscel laneous 

ca llbratlon technique 
miscellaneous 
gas mixtures 
gas flow rates 

TOXICOLOGY AND BIOLOGICAL EFFECTS (BY AGENT) 
(06 oo oo) 

mlsce] ]aneous 

acetaldehyde 

acrolein 

ammonia 

anoxla or hypoxla 

beryllium 

carbon monoxide 
miscellaneous 
rate of uptake and metabolism, pulmonary diffusion, 
ratio of blood to alveolar levels 
psychomotor changes, visual, sensory threshold shifts 
cardiovascular effects 
hematological effects 
specific effects related to aviation 
chronic effects 

1.3 



06 09 00 

06 10 00 

06 11 00 

06 12 00 

06 13 00 

O6 14 Q0 

06 15 00 

06 16 00 

06 17 00 

06 18 00 

06 19 00 

06 20 00 

06 21 00 

06 22 00 

06 23 00 

06 24 00 
O6 24 01 
06 24 02 
06 24 03 
O6 24 04 

06 25 00 

06 26 00 

06 27 00 

cigarettes 

hydrocarbons 

hydrogen sul fide 

iron and its compounds 

lead and its compounds 

ozone 

peroxyacetyJ nitrate (PAN) 

propellants and explosives excluding gasoline (for gasoline 
and jet fuel, see hydrocarbons) 

sulfur dioxide 

pesticides and defoliants 

chemical warfare agents 

thermal decomposition products of plastics 

triaryl phosphate (as used in hydraulic fluids) 

dimethyl hydrazine 

vehicular exhaust 

oxides of nitrogen including nitrogen dloxide 
miscellaneous 
uptake and metabolism 
cardiovascular effects 
hematological effects 

tetrachloroethylene 

tricresyl phosphate (TCP) 

mineral particulates 

!.4 



06 27 01 
06 27 02 
06 27 03 

07 01 00 

07 02 00 

07 03 00 

07 04 00 

07 05 00 

07 06 00 

07 07 00 

0 7 0 8 0 0  

O7 09 00 

07 10 00 

07 11 00 

08 01 00 

08 02 00 

08 03 00 

08 04 00 
O8 O4 01 
08 04 02 
08 04 03 

misce I laneous 
pulmonary retention 
synergistic effects 

TOXICOLOGY (BY ENVIRONMENT) 
(07 oo oo) 

miscellaneous 

aircraft, not including spacecrafts and armed helicopters 

space capsules and spacecrafts including simulators 

armed he licopters 

naval problems including submarines and ship-launched missiles 

tanks and self-propelled guns 

rockets used as vehicles 

rockets used as weapons 

highway tunnels 

cities 

industrial including garages 

TOXICOLOGY BY EFFECT AND SYSTEM 
(08 oo oo) 

miscellaneous 

synergism and inhibition 

pulmonary 

psychomotor 
miscel ianeous 
visual 
auditory 
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08 05 O0 

08 06 O0 
08 06 01 
08 06 02 
08 06 03 

09 01 O0 

09 02 O0 

09 03 O0 

09 04 O0 

09 O5 O0 
09 05 01 
09 05 02 

09 05 03 

carcinogenic 

,irritant 
miscellaneous 
eye 
lung 

TOXICOLOGY (MISCELLANEOUS GROUPINGS) 
(09 oo oo) 

miscellaneous 

treatment of toxic exposure 

prevention of toxic exposure including equipment 

facilities and devices for toxicology experiments 

exposure limits 
miscellaneous 
specific data for multiple agents (for single agents see 
"Toxicology by agents, " 06 O0 00) 
criteria and methods 

1.6 



APPENDIX I! 

ENVIRONMENTAL MEDICINE REPRINTS: 

KEY WORDS TO 1 NOVEMBER 1969 

01 REVIEW ARTICLE 

02 RELEVANCE HIGH 

03 RELEVANCE MODERATE 

04 S PARE 

05 S PAR E 

06 BASIC SCIENCES - CHEMISTRY AND PHYSICS 

07 

08 

09 

10 

METE OR OL OGY 

atmospheric diffusion 

REACTION STUDIES 

computer assisted calculations of exhaust composition 
reaction rates and kinetics 
interactions of reactive components 

S PARE 

S PARE 

11 LISTING OF AGENT-  GASES AND VAPORS 

12 

13 

14 

15 

AMM ON IA 

CARBON MONOXIDE 

CARBON DIOXIDE 

OXIDES OF NITROGEN 
nitrogen dioxide 

11.1 



16 

17 

18 

S U L F U R  DIOXIDE 

OXIDANTS (o ther  than  NO2) 
ozone  
p e r o x y a c e t y l  n i t r a t e  (PAN) 
f r e e  r a d i c a l s  

SPARE 

LISTING OF AGENT - P A R T I C U L A T E S  AND AEROSOLS % 

20 

21 

22 

23 

24 

LEAD 

C O P P E R  
i r o n  

MISCELLANEOUS MINERALS 
s i l i c a t e s  
f i b e r s  
m e t a l s  not  p r e v i o u s l y  l i s t ed  

MICROBIOLOGICAL AEROSOLS 
b a c t e r i a l  

viral 

SPARE 

25 LISTING OF STUDIES - GROUPED BY ENVIRONMENT 

26 

27 

(c losed  space  c o n t a m i n a t i o n  
a n a l y s i s  r e s u l t s  on m u l t i c o m p o n e n t  m i x t u r e s )  

VEHICULAR EXHAUSTS 
t u r b i n e s  (gas) 
d i e s e l  
i n t e r n a l  c o m b u s t i o n  
r o c k e t  ( t r anspo r t a t i on )  

WEAPON EXHAUSTS 
m a c h i n e  guns 
r o c k e t s  (as weapons)  
cannon  
t anks  
naval  m i s s i l e s  
a r m e d  h e l i c o p t e r s  

H.2  



28 

29 

CIVILIAN ENVIRONMENTS 
urban air  quality 
garages  
industr ia l  health 
tunnels 

AIRCRAFT ENVIRONMENT 
fuels 
hydraul ic  fluids 
degradation products of s t ruc tura l  ma te r i a l s  in f i re  
paint vapors 
space craf t  in te r iors  

30 SPARE 

31 SAMPLING METHODS 

32 

33 

34 

35 

36 

TRAPPING TE CHNIQUES 
cryogenic condensation 
plastic bags 
evacuated cyl inders  
sequencing devices 
a i r  pumps 
sampling a c c e s s o r i e s  
sample interact ion (see also REACTIONS 08) 

IMPINGERS 
liquid adsorption 

ELECTRO-OPTICAL SAMPLERS (PARTICULATE) 

PRE CIPITATION 
cyclones 
e lee t roprecipi ta t ion  
Andersen sampler  
cascade impaetor  

FILTRATION 
mil l ipore  f i l ters  
high volume samplers  

37 SPARE 

38 SPARE 
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39 ANALYTICAL METHODS 

40 

41 

42 

43 

44 

45 

46 

47 

48 

S PECTROSCOPIC METHODS 

l ight 
u l t r av io le t  
i n f r a r e d  

SPE CTROSCOPIC METHODS 

m a s s  
nuc l ea r  magne t i c  r e s o n a n c e  
m i c r o w a v e  
o the r s  (specify) 

GAS CHROMATOGRAPHY 

INDICATOR TUBES 

NBS types 

miscellaneous types 

comparative studies of indicator tubes 

WET CHEMICAL METHODS 

BLOOD CASES 

extraction methods 

ana ly t i ca l  methods  

PARTICLE SIZE ANALYSIS 
s ize  d i s t r ibu t ion  by count 
s ize  d i s t r ibu t ion  by weight  o r  volume 

ADSORBED GASES ON PARTICLES 

CALIBRATION 
gas m i x t u r e  p r e p a r a t i o n  
gas flow ca l ib ra t ion  
p r e p a r a t i o n  of r e a g e n t  s t anda rds  
i n s t r u m e n t  ca l ib ra t ion  

49 SPARE 

50 SPARE 

51 BIOLOGICAL E FFE CTS 

52 ACUTE EFFECTS 
brief exposures 
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53 

54 

55 

56 

57 

58 

59 

60 

s h o r t  t e r m  ef fec t s  
high d o s e - r a t e  e x p e r i m e n t s  

CHRONIC E F F E  CTS 
long t e r m  e x p o s u r e s  

METABOLIC H A N D L I N G  A N D  UPTAKE - GASES A N D  VAPORS 

r a t e  of  a b s o r p t i o n  o r  up take  
m e t a b o l i s m  and i n t e rna l  de tox i f i ca t ion  
e x c r e t i o n  
r e l a t i o n s h i p  of b lood  and a l v e o l a r  l eve l s  

P A R T I C L E  RETENTION 
m e a s u r e m e n t  m e t h o d s  
r e t e n t i o n  as  a func t ion  of  s i ze  

IRRITATION 
eye 
lung 

S T R U C T U R A L  INJURY 
b i o c h e m i c a l  c h a n g e s  

h i s t o l o g i c a l  c h a n g e s  
e n z y m a t i c  t e s t s  
u r i n a r y  t e s t  r e s u l t s  

PSYCHOLOGICAL E F F E  CTS 
p s y c h o m o t o r  e f fec t s  
v i s u a l  t h r e s h o l d  
t e m p o r a l  d i s c r i m i n a t i o n  
r e a c t i o n  t i m e  

SYNERGISM 
inhib i t ion  

EXPOSURE LIMITS 
m e t h o d s  
p h i l o s o p h y  
data  LD50 
data  EV50 
da ta  MAC 
data  t h r e s h o l d  l i m i t  va lues  (TLV) 
da ta  s h o r t  t e r m  va lues  

I I .  5 



61 

62 

63 

RESEARCH FACILITIES 
toxic hazard  evaluation labora tor ies  
toxic hazard  evaluation devices 
exposure chambers  
human experimentat ion 

PREVENTION AND TREATMENT 
hazard  control  devices 
gas masks  and r e s p i r a t o r s  
shields 
special  suits 

PHYSIOLOGICAL EFFECTS (BY SYSTEM) 
card iovascular  
r e s p i r a t o r y  
neurological  
renal  
hepatic 
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