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bledical Laboratories is  an outstanding exarnple of how c i v i l i a n s  
and ai l i tary can cooperate, a t  a l l  working levels ,  t o  achieve a 
research goal.  
and Deputy plan a new research project. 

Ilere the Cosnanding afficer,  Scientif ic  Director, 

\ 
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B u i l d i n g  355 

Y .  

Medical Laboratories Building 355 houses the off ices  of the 
Comaanding Officer , Scieatif  ic Director, and various adsinis- 

.trative off ices ,  as well as some laboratories. Additional 
laboratories, animal quarters, climatic fac i l i ty  and other 
special act iv i t ies  are housed i n  surrounding buildings. 
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The rnedical aspects of t h e  e f f e c t s  of toxic  chemicals are  of v i t a l  
in te res t  t o  the Chemical Corps since, from both the offensive and de- 
fensive viewpoints, the react ions of the human body p l a y  an important par t  
i n  determining pol ic ies  and procedures i n  the f i e l d  of cbemicol warfare. 
As a r e su l t ,  a medical laboratory is essential t o  our technological "know- 
how" i n  use o f  new weapon systems, and a safeguard t o  our population i n  
determininy therapy and protection i n  the event of use of chemical warfare 
ayninst the  United States.  

I n  order t o  study t h e  mechanism of act ion of those tox ic  chemicals 
considered chemical warfare agents, a s  well as llethods of protection and 
treatment, a s t a f f  of spec ia l i s t s  i s  required. There include toxicolo- 
g i s t s ,  biochemi s t  s, chemists, pharmacologists, physiologist 8 ,  neurologist c, 
entomologists and pathologists.  Their work requires special  equipment, 
pa r t i cu la r ly  a large animal colony, because of  t h e  obvious l imi ta t ions  on 
the use ot. man t o r  experimental purposes. 

As the outstanding toxicological laboratory w i t h i n  the mi l i t a ry  es- 
tablishment, Medical Laboratories was found t o  be valuable i n  studying 
harmful e f f e c t s  of  other  chemicals than CW agents. Thus  the specialized 
s t a f f  and equipment have been u t i l i zed  i n  solving medical-toxicological 
problems fo r  the other  services i n  the Army, notably Ordnance and puarter-  
master Corps, and fo r  the  Navy and Air Force. An outstanding example i s  
t h e  Medical I.sboratories s t u d y  of such mi l i ta ry  chemicals a s  fue l s  and 
oxidizers  fo r  j e t  planes and rockets,  hydraulic f lu ids ,  and lubricants.  

- c  . 
- a  

I. Histor ical  Becksround 

The present Medical Laboratories of  ?.he A m y  Chemical Corps repre- 
sents the consolidation of  the Medical Research Laboratory and t h e  Toxi- 
cological Research Laboratory which exis ted a t  t h e  Amy Chemical Center 
( t h e n  known a s  Edgcwood Arsenal) p r ior  t o  1945. A t  t h a t  time these ac- 
t i v i t i e s  were combined t o  form a consolidated Medical Division; t h i s  was 
re-designated the present Medical Laboratories i n  1951. Growth has been 
s teady  since tha t  time; new buildings, new equipment, and highly-trained 
personnel have been added a s  the r e spons ib i l i t i e s  of R d i c a l  Laboratories 
t o  t h e  Department of Defense have increased. 

&J!miQl! . 
The chief mission of  the  Chemical Corps kledickl Laboratories is t o  

conduct basic and applied research e s sen t i a l  t o  maximum offensive and de- 
fensive effect iveness  i n  chemical warfare. T h i s  necess i ta tes  a coordination 
o f  research i n  the physiological, biochemical, toxicological,  phormaeologi- 
cal, neurological and pathological f i e l d s ,  a s  well as  c l inical  investigation 
of chemical casua l t i e s .  Other object ives  o i  the research program include de- 
velopment of methods and equipment f o r  t r ea t ing  chemical casua l t ies ,  f o r  &- 
tecting toxic  chemicals i n  lood and water, fo r  purifying contaminated food 
and water, fo r  studies of the mechanism of actio,n of insecticides and ro- 
dent ic ides ,  and f o r  physiological and toxicologic8l research on the health 
hazards of mil i tary chemicals such a s  propellant fuels and fire- 
extinguishants.  

:- 
< I  

I n  collaboration w i t h  t h e  Army Ordnance Corps and the 

1 
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three medical services, research of wound b a l l i s t i c n  i n  carried on t o  
achieve g r e a t e r  e f f e c t i v e n e s s  of  armor and weapons. B a s i c  s t u d i e s  i n  
t h i s  f i e l d  have made g r e a t  c o n t r i b u t i o n s  t o  o u r  knowledge o f  m i l i t a r y  
surgery  and shock. 

111. O r a a n i z a t i o  n 

Live  supe rv i s ion  o f  the entire s t a i f ,  and is r e s p o n s i b l e  f o r  t h e  planning. 
and d i r e c t i o n  o f  the  r e s e a r c h  program. By mutual agreement between t h e  
Medical S e r v i c e  and t h e  Chemical Corps,  support  f o r  the Medical Labora- 
t o r i e s  comes from t h e  Chemical Corps ,  but  a d m i n i s t r a t i v e  r e s p o n s i b i l i t y  
i s  i n  the hands o f  a medical o i f i c e r  s e l e c t e d  by t h e  Medical Department. 
Comnanding Officers, since 1945, have been: 

1945-1950. Col.  John R. Wood, W.D., k d .  C o l l .  Va., 1928 
1950-1953. Col .  M. W. B a y l i s s ,  M.D., Univ. o f  Chicago, 1941 
1953- Col .  N. W .  E l t o n ,  M.D., Boston Un ive r s i ty ,  1926 

The Commanding O f f i c e r ,  Cml C WBdical Labora to r i e s ,  h a s  adeinistra- 

. 

A s s i s t i n g  t h e  Commanding O f f i c e r ,  and having r e s p o n s i b i l i t y  f o r  t e c h n i c a l  
supe rv i s ion  of  t h e  research program i s  the S c i e n t i f i c  D i r e c t o r ,  Or. U. B. 
D i l l  (Ph.D., S t a n f o r d  Un ive r s i ty ,  1925). The A s s i s t a n t  Scientific Di- 
r e c t o r  i s  Dr. W. H. Chambers (Ph.D., Washington Un ive r s i ty ,  d920). 
Attached t o  t h e  o f f i c e  of t h e  Conmanding O f f i c e r  a r e  t h e  necessa ry  o f -  
f i c e s  which t a k e  c a r e  of  a d m i n i s t r a t i v e  and supe rv i so ry  d u t i e s  i n h e r e n t  
i n  necessary  suppor t ing  a c t i v i t i e s .  

The research s t a f f  i s  o rgan ized  i n t o  f i v e  d i v i s i o n s ,  each made up 
0 1  a number of branches.  The d i v i s i o n a l  o r g a n i z a t i o n  is in tended  t o  
group t o g e t h e r ,  f o r  r e s e a r c h  p lanning  purposes  a s  well as f o r  adminis- 
t r a t i o n ,  r e l a t e d  r e s e a r c h  groups  whose i n d i v i d u a l  f u n c t i o n s  c o n s t i t u t e  
p o r t i o n s  o f  t h e  miss ion  of the d i v i s i o n .  Each branch is a combination 
of s p e c i a l i s t s  (pharmacologis t s ,  p h y s i o l o g i s t s ,  b iochemis ts ,  phys i c i ans ,  
etc.) e s s e n t i a l  f o r  the f u n c t i o n  o f  the branch. 
a research team, aimed a t  achiev ing  a balanced and well-rounded approach 
t o  their research mission.  

These  work t o g e t h e r  as 

1. The BIOCWLfISTRY DIVISION i n c l u d e s  f o u r  branches.  The  
Chemist  Branch  c a r r i e s  on r e s e a r c h  d e a l i n g  w i t h  t h e  e f f e c t  o f  t o x i c  
chemicals on biochemical  mechanisms, both i n  t h e  whole organism and i n  
i s o l a t e d  tissues: w i t h  the effect o f  t o x i c  chemicals on t h e  a c t i o n  o f  
enzymes, i n  v ivo  and v i t r o :  wi th  t h e i r  effect on carbohydra te ,  p r o t e i n ,  
f a t  and minera l  metabolism: and w i t h  t h e  mechanisms o f  their de tox ica -  
t i o n .  The Rkd ic ina l  Chemistry Branch i n v e s t i g a t e s  t h e  a p p l i c a t i o n  o f  
o r g a n i c  chemis t ry  t o  t h e  problems o f  p rophy lax i s  and the rapy  a g a i n s t  
t o x i c  agents :  the r e l a t i o n  between chemical structure and drug ac t ion :  
t h e  chemical r e a c t i v i t y  o f  t o x i c  a g e n t s  a s  a f a c t o r  i n  personnel  decon- 
tamina t ion;  and the r e l a t i o n  between chemical  structure o f  o r g a n i c  mole- 
cules and the i r  b i o l o g i c a l  a c t i v i t y .  The - - - 
a p p l i e s  the results o f  research t o  the development o f  pharmaceut ica l  prep-  
a r a t i o n s  and equipmelit f o r  t h e  p reven t ion  and t r ea tmen t  of chemical casu- 
a l t ies .  

y. 

, - -  

T h i s  branch a l s o  conducts  s u r v e i l l a n c e  tests, develops  methods 

4 
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fo r  quant i ta t ive estimation o f  ac t ive  ingredients of therapeutic items 
f o r  application t o  such s tudies ,  and conducts research and development 
on protective ointments.  
and f i e l d  procedures t o  detect contamination of food and water by tox ic  
chemicals, develops methods and f i e l d  expedients fo r  gas-proofing food 
and water supplies,  and devises procedures fo r  food and water decon- 
t a m i n a t i o n .  

The Sanitarv Chemistrv Branch devises tests 

2. T h e  RIOPtlYSICS DIVISION includes Sour branches. The YIpdv Arw 
Branch cqnducts research i n  the mechanisms by which body armor o f f e r s  
protection against missiles,  and on the wounding, picture occurring when 
body armor i s  penetrated. This branch also advises other  agencies on 
design problems i n  body armor, introduced by wound b a l l i s t i c s  studies. 
The Research IasrrumentsRranch furnishes the special  instrumentation 
required i n  wound b a l l i s t i c s  studies,  and also maintains t h e  e lec t ronic  
and mechanical instruments used i n  the d iv is ion ' s  research. The jY.u& 

Assessment Branch invest igates  t h e  pathology of wounds and the associated 
anatomical and h i s to logica l  changes; assesseq the significance o f  wounds 
t o  the mi l i ta ry  value of personnel, and w i t h  their r e l a t ion  t o  the re- 
sul t ing p a t h o l o y y ;  and also inves t iga tes  the v u l n e r a b i l i t y  of the animal 
body t o  missiles.  The  Wound Bal l i s t ic&Dranch  cor re la tes  the physical 
and b a l l i s t i c  cha rac t e r i s t i c s  o f  missiles encountered o n  t h e  b a t t l e f i e l d  
w i t h  the resu l tan t  e f f e c t  on the physiology of the in ju red  animal body: 
invest igates  e f f ec t  o f  p n j e c t i l e  parameters on wounding p d  on t h e  fac tors  
required t o  e s t ab l i sh  sound ra t iona le  for  the treatment of resulting 
wounds; and inves t iga tes  bo th  ant i -personnel  e f f ec t  of incendiary agents 
and necessary protect ive measures against them. 

3. T h e  CLINICAL RFSEABCli DIVISION includes three branches. The  
ClinicaL I n v e s t w  
o f  human exposures t o  tox ic  chemicals. 
therapeut ic  measures, t e s t s  f o r  eff icacy o f  avai lable  methods of t r e a t -  
ment o f  casua l t ies ,  and invest igat ion o f  a l l  casua l t ies  resul t ing from 
handling toxic  chemicals. 
t e s t s  i n v o l v i n g  human volunteers i n  order t o  minimize poss ib l e  hazards. 
T h e  Neuroloav Branch ca r r i e s  on research dealing w i t h  t h e  neurological 
and psychological e f f e c t s  of tox ic  chemicals and therapeut ic  agents, and 
w i t h  the mechanism and s i t e  of action i n  the nervous system of such com- 
pounds. The branch also has the respons ib i l i ty  fo r  nehrophysiological 
and neurapharmacological research designed t o  explain the fundamental 
processes whose toxic  a l t e r a t ions  cause neurological disturbances. The 
PatholoQy Eranch has an important service i u n c t i o n  in conducting patho- 
log ica l  examinations o f  animals used i n  t h e  Medical Laboratories program. 
The branch also plans, i n  collaboration w i t h  o ther  branches, toxicoloyic 
s tud ies  designed t o  e lucidate  pathologic mechanism of  action o f  t o x i c  
chemicals; i t  also conducts research on e f f e c t s  of CW agents on animals, 
emphasizing gross and microscopic anatomic changes and on infect ious 
aspects. 

4. The PHYSIOLOGY DIVISION includes four branches. The Amlied 
P h v s i o l o o v m  conducts research on the physiological action of tox ic  
chemicals of mi l i ta ry  interest, w i t h  emphasis on environmental influences; 

has general responsibi l i ty  fo r  a l l  aspects 
This includes search fo r  improved 

The branch also advises and par t ic ipa tes  i n  a l l  

5 
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The chief of the Biophysics Division (center) participates in a 
test of missiles, at a station in the wound ballistics range. 

The chief of the Physiology Division (center) is informed of 
progress on physiological testing of protective clothing. 
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invest igates  the defensive capab i l i t i e s  of CW personal protective equip- 
ment: and determines the l imitat ions imposed by protect ive equipment on 
the  functional eff ic iency of mil i tary personnel under various conditions 
of  work, climate, and exposure t o  chemical warfare agents.  The  
Ecoloav Branch maintains adequate f a c i l i t i e s  and supplies of various 
species of animals required fo r  Medical Laboratories research. It also 
c a r r i e s  on research on environmental conditions e s sen t i a l  t o  t h e  proper 
care ,  select ion,  and use of animals fo r  laboratory experiments and f i e l d  . 
t r i a l s ;  and on pertinent problems in veterinary medicine. The Entomology 
Hranch conducts research on t h e  mechanism of action of insec t ic ides ,  i n -  
sect  repe l len ts  and a t t r ac t an t s :  and on  the detection of chemical warfare 
agents by means of insects.  
chemical warfare agents as insect ic ides .  
ves t iga tes  the action of tox ic  chemicals on the physiological mechanisms 
o f  animals, and s tudies  the actions of possible new drugs on  the animal's 
physiological processes. In collaboration w i t h  the C l in i ca l  Investigation 
Rrancii and other branches, i t  a l s o  devises appropriate therapy f o r  poison-  
i n g  by toxic  chemicals, and t e s t s  them experimentally on animals and man. 

c 

It a l s o  invest igates  the potent ia l  use of 
The Pharrnacoloav Branch i n -  

5. The  TOXICOLOGY DIVISION includes four branches. The aerosol 
Jranch a s  i t s  name implies, conducts toxicological research on materials 
dispersed as aerosols,  and s tudies  re la ted  problems such as physical 
character izat ion o f  disseminated aerosols, fac tors  governing depos i t i on  
on surface, locus o f  impaction, e tc .  The s t a f f ,  i n  cooperation w i t h  
o ther  branches, invest igates  therapeutic measures using drugs dispersed 
as  aerosols. The Field Toxicoloav Branch conducts toxicological s tudies  
in connectiqn w i t h  f i e l d  t e s t s  of CW agents and other  tox ic  chemicals, 
determines tox ic i ty  o f  CW agents by screening methods; and undertakes 
comparative toxicological  s tudies  of CW agents using a l l  routes of ad- 
m i n i s t r a t i o n  except inhalation. The  Gassina Branch s tudies  the mechanism 
of action of vapors o f  toxic  chemicals, and invest igates  t h e  v a l u e  of 
selected drugs fo r  therapy a f t e r  exposure t o  such chemicals. 
also screens new agents by inhalat ion and percutaneous exposure t o  vapors, 
and t e s t s  the effect iveness  of v a r i o u s  protective items against toxic  
vapors. 
and  chemical changes of tox ic  chemicals caused by surface interfaces ,  and 
on the  modifications o f  toxicological and biochemical reactions a t  sur- 
faces  and interfaces .  T h e  branch i s  also responsible f o r  the development 
o f  new o r  improved instrumentation fo r  use by Medical Laboratories s t a f f .  

The  branch 

The w o c h e m u  Branch ca r r i e s  o u t  research on t h e  physical 

A research organization the s ize  of Medical Laboratories depends for  I .  

i t s  success t o  a great  extent on numerous "service" branches w h i c h  take 
care  o f  t h e  housekeeping  de t a i l s .  

i ssue o f  p r o p e r t y ;  preparing drawings fo r  and constructiny special equip- 
ment: maintenance of buildings, grounds, services,  and u t i l i t i e s ;  a s s i s t i ng  
in preparing spec i f ica t ions  fo r  modification of exis t ing b u i l d i n g s  and 
construction of new ones. 

A Technical Services Division assumes 
respons ib i l i ty  f o r  t ransportat ion;  requis i t ions  of equipment, storage and I .  

S c i e n t i f i c  information based o n  Medical Laboratories research repre- 
The m- 

Jnformation Off ice  i s  responsible for  publication of a l l  the research: 
sents  the end-items of an agency w h i c h  deals m a i n l y  in ideas. 
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i t  also a s s i s t s  the research program by expediting t h e  acquisit ion of 
s c i e n t i f i c  information from other agencies, and making these reports  
avai lable  t h r o u g h  t h e  L i b r a r y  and Documents Sections. 

IV. &i%m&l 

I n  1954 Medical Laboratories included a t o t a l  of some 520 personnel; -. 

of these approximately 190 were o f f i c e r s  and enlisted men, and 330, 
c iv i l i ans .  
and mi l i ta ry  can cooperate, a t  a l l  working levels, t o  achieve a research 
goal. 
their  t r a i n i n g  and experience, working side by side w i t h  the c i v i l i a n  
s c i e n t i s t s .  

Medical Laboratories is an excellent example of how c i v i l i a n s  

Enl is ted men and o f f i ce r s  are  assigned duties commensurate w i t h  

The c i v i l i a n  research s t a f f  i s  made up of approximately 117 special-  
Their d i s t r ibu t ion  according i s t s  i n  c i v i l  service grades GS-7 t o  GS-17. 

t o  the s c i e n t i f i c  categories  established by c i v i l  service i s  i l l u s t r a t e d  
i n  Figure 3. In addition, the research program requires 70 employees i n  
the  categories  of animal caretakers,  medical biological technicians,  
physical science aids,  research technicians,  pharmaceutical technicians,  
histopathology technicians,  and f irst  a id  attendants. 

The  mi l i ta ry  personnel assigned t o  Medical Laboratories form an 
important p o r t i o n  o f  the research staff . ,  They a re  integrated i n t o  the 
branches where the i r  s p e c i a l i t i e s  and t ra in ing  make them valuable. O u t  
of a t o t a l  of 32 o f f i c e r s  par t ic ipa t ing  i n  t h e  research program as  scien- 
t i s t s ,  12 are M.D.'s, 3 have Ph.D. degrees and 1 has b o t h  an Y.D. and a '  
Ph.D. Five have N.S. degrees i n  pathology, biology o r  chemistry, and 5 
have D.V.W. degrees. Many of the Bedical Laboratories publications are 
authored o r  co-authored by these s c i e n t i s t s  i n  uniform. 

Enlisted mi l i ta ry  personnel as  of  t h i s  date include 130 men i n  the 
category ESPP (En l i s t ed  S c i e n t i l i c  and Professional Personnel). The 
u t i l i z a t i o n  of  ESPP's has resul ted i n  marked ecceleration of the research 
program, by p r o v i d i n g  an additional source of s c i e n t i f i c a l l y  t ra ined men 
and women. 
grees;  55 have M.S. degrees, and ll Ph.D. degrees. They are  d is t r ibu ted  
through the  various s c i e n t i f i c  f i e l d s  as  follows: chemists 55, b io logis t s  
35, engineers 11, physicis ts  5, biochemists 3, zoologists 3, psychologists 
3, entomologists 2, mathematicians and s t a t i s t i c i a n s  3, bac ter io logis t s  2, 
and miscellaneous 3. 

* 

Of the 130 ESPP's, a l l  b u t  two have either A.B. o r  B.S. de- 

V. F a c i l i t i e s  and Eplripment 

Laboratories,  workshops, animal colony, and o f f i c e s  are  housed in 
over twen ty  buildings, sui tably constructed fo r  experimental wrk in 
applied physioloQy, biochemistry, pharmacology, entomology, pathology, 
neurology and toxicology. 

See Appendix I: Senior M i l i t a r y  Personnel a s  of December 1954. 
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BRANCH A N D  D I V I S I O N  C H I E F S  O F  RESEACH D I V I S I O N S ,  M E D I C A L  LABORATORIES.  
A S  OF DECEMBER 1 9 5 4  

B I O C H E M I S T R Y  D I V I S I O N  

C h i e f .  W i l l i a m  ti. Summerson - P h . D . ,  C o r n e l l .  1 9 3 7  

E n z y m e  C h e m i s t r y  B r a n c h  - C h i e f .  B e r n a r d  1. I i n d o r f  

M e d i c i n a l  C h e m i s t r y  B r a n c h  - C h i e f .  T h e a d a r  W a g n e r - I a u r c g g  

P h a r m a c e u t i c a l  C h e m i s t r y  B r a n c h  - C h i e f .  A l b e r t  A .  K o n d r i t z e r  

S a n i t a r y  C h e m i s t r y  B r a n c h  - C h l e f .  J o s e p h  E. E p r t c l n  

P h . D . ,  H a r v i r d .  1942 

P h .  D . ,  U n i v e r s i t y  o f  M u n i c h .  1926 

P h . D . ,  C i n c i n n a t i .  1 9 3 8  

M. S . ,  U n i v e r s i t y  of P c n n r y l v a n i . .  l a 4 0  

B I O P H Y S I C S  D I V I S I O N  

C h i e f .  C a r l  M. H c r g e t  - P h .  D . ,  Iahnr H o p k l n i .  1940 

Body  A r m o r  B r a n c h  - A c t i n g  C h i e f .  F l o y d  A .  O d e l l  

R e 3 c a r c h  I n s t r u m e n t s  B r a n c h  - C h i e f .  D a v i d  C r a s i m a n  

W o u n d  A i l e l i m e n t  B r a n c h  ~ C h l e f .  F r e d e r i c k  W. L i g h t  

P h .  D . ,  r i l e .  1 8 4 0  

E l e c t r o n i c s  E n g i n e e r .  Rcni i e l rer  P o l y t e c h n i c  

. P h .  D . .  l o h n i  H o p k i n a .  1 9 4 8  a n d  
M. D . ,  J o h n s  H o p k i n : .  1 8 3 0  

W o u n d  B a l l i s t i c s  B r a n c h  - C h i e f .  A r t h v i  1 .  D z i e m i a n  
P h . D . ,  P ~ i n c c t o n .  1 9 3 9  

C L I N I C A L  RESEARCH G I V I S I O N  

C h i e f .  A m c d c o  S .  M a r r i n z i  - M. D , ,  N .  Y .U .  C o l l e g e  of M e d i c i n e .  1918 

C l i n i c a l  l n v e a r i g r t i o n  B r a n c h  - C h i e f ,  G u i t a v e  Freeman 

N e u r o l o g y  B r s n c h  - C h i e f .  E. R o i l  H a r t  

P a t h o l o g y  B r a n c h  - C h i e f .  I. R .  M .  I n n e r  

M .  E., D u k e  U n i v c r r i t y .  1 9 3 4  

P h .  D . ,  U n i v e r i i t y  of  California. 1 9 4 0  

Ph.  D . ,  C a m b r i d s e  U n i v e r ~ i t y .  1 9 3 1  

PHYSIOLOGY D l V l S l O N  

C h i e f .  W l l l i n r n  H .  C h a m b e r s  - P h . D . ,  W a s h i n g t o n  U n i v c r i i l y .  1820 

A p p l i e d  P h y i i o l o g y  B r a n c h  - C h i e f ,  F r a n c i s  N. C r a i g  
P h .  D . ,  H a r v a r d ,  1 9 3 7  

E n t o m o l o g y  B r a n c h  ~ C h i e f .  L e i g h  E. C h a d w i e k  
Ph .  D . ,  Harv . rd .  1 8 3 9  

P h a r m r e a l o g y  B r a n c h  ~ C h l e f .  I. H e n r y  W i l i i  
Pi i .  D . ,  U n i v e r i i t y  of R o c h c i t c r .  1810 

A n i m a l  E c o l o g y  B t a n c h  - C h i e f .  C h a r l e i  C .  W i l b e r  
Ph. D . .  John: H o p k i n i .  1 8 4 2  

T O X I C O L O G Y  D I V I S I O N  

C h i e f .  Eugene  H.  K r h c k o w  - B. A . ,  I o h n r  H o p k i n i .  1 9 3 4  

A e r o i o l  B r a n c h  

F i e l G  T a x l c o l o g y  B r a n c h  

G a s s i n g  B r a n c h  

P h y i i c o c h e m i c s l  B r a n c h  

C h i e f ,  B e r n a r d  P.  M e N . m a r a  

C h i e f ,  F r s n c l r  N. M a i r u l l i  

C h i e f .  F r e d  W. O b e i i t  

C h i e f .  H I n i  I. T r u r n i t  

Ph .  D . ,  U r , l v a r r i t y  of M a r y l a n d ,  1 9 4 2  

P h .  D . .  l o h n i  H o p k i n i .  1 9 4 1  

P h .  D . ,  S t a t e  U n i v e r i i t y  of  IOWI. lOS0 

M. D . ,  B e r l i n  U n i v c r i i t y .  1831 
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CIVILIAN RESEARCH STAFF, GS-7 AND ABOVE 

IO 
PHARMACOLOGISTS (251 

PHYSIOLOGISTS (1 9) 

BIOCHEMISTS (I  5) 

BIOLOGISTS 

ORGANIC CHEMISTS 

GENERAL CHEMISTS 

PHYSICIANS 

CHEMISTS 

ENTOMOLOGISTS 

PHARMACEUT. CHEMISTS (3) 

BIOPHY SlClSTS 

BACTERIOLOGISTS 

OTHER CIVILIAN LABORATORY PERSONNEL 

ANIMAL CARETAKERS (32) 

MED. BIOLOGICAL TECH. (17) 

PHYSICAL SCI. AIDES (7 )  

RESEARCH TECHNICIANS (6) 

WARM. TECHNICIANS (4) 

i ISTOPATH. TECH, (3) 

'IRST AID ATTENDANTS (2) 
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Coat Corral 

Rabbit  Dreeding Cages 
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Y 
I 
1. 

Rabbit lfutclies 

Cage Sterilizer: 
by a conveyer, entering a t  right,and after 11 minutes emerge at 
l e f t  completely sterilized (2000 water, detergent). 

cages are passed through the washing chamber 

13 
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The completion of the Cl imat ic  F a c i l i t y  a t  Chemical Corps 
~ e d i c a l  Laboratories provides a unique instrment fo r  toxicological 
research a t  any of t h e  temperature and humidity conditions tha t  may 
be encountered i n  mi l i ta ry  operations. 
i t s  own building, and consis ts  of a central structure w i t h  three 
principal  climatic chambers and t h e  air  conditioning equipment, 
flanked on either s ide  by supporting laboratories.  Self-contained 
mobile u n i t s  of a new design are a contrast  t o  t h e  fixed exposure 
chmbers used previously i n  s tud ies  of toxic chemicals. The toxic 
chamber has a space 32 feet  long, 9 f e e t  wide, and U f e e t  high, 
w i t h  a controlled temperature range from r i n u s  7 8  t o  plus 1 W F .  
High humidities are easily obtained over the whole temperature 
range. The all-weather chamber i s  30 f e e t  long, 19 f e e t  wide and 
15 f e e t  high, and has the same temperature and h w i d i t y  range as 
the tox ic  chamber. Water can be introduced t o  simulate r a i n  f roa  
a l i g h t  mist t o  a heavy downpour. The water can be precipi ta ted 
a t  a controlled temperature, making possible a wide range of 
"weather" conditions from fog t o  powdered snow. A wind t u n n e l  
provides f a c i l i t i e s  for  s tudies  of the e f f ec t s  of a i r  movement 
up t o  45 miles per hour. Because of i t s  in t e re s t  i n  environmental 
physiology, the Physiology Division has taken the  lead i n  planning 
the Climatic Fac i l i t y  and will have respons ib i l i ty  fo r  coordinating 
the tasks t o  be carr ied ou t  i n  it. 

The F a c i l i t y  i s  housed i n  

14 
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9 
I 

Control Panel for Refrigeration Equipment 

View of aob i l e  exposure chamber i n  
toxic  rooin of c l imat ic  f a c i l i t y .  

Indicator panel and viewing windows into 
toxic  rooin froin observation corridor. 
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A r e sea rch  l i b r a r y  of ove r  6000 volumes forms a working b a s i s  f o r  
t h e  s p e c i a l i z e d  med ica l - tox ico log ica l  interests o f  t h e  scient i f ic  s t a f f .  
Much of t h i s  c o n s i s t s  of bound j o u r n a l s .  A current s u b s c r i p t i o n  l i s t  i s  
maintained f o r  some 300 j o u r n a l s ,  American and fo re ign .  
document l i b r a r y  o f  ove r  25,000 unpubl ished r e p o r t s  p rov ides  unusual 
l i t e r a t u r e  search f a c i l i t i e s  i n  t h i s  v i t a l  area.  T ra ined  informat ion  
s p e c i a l i s t s  provide  a s s i s t a n c e  t o  the s t a f f  in c o l l e c t i n g  d a t a  from t h i s  
source.  

A l a r g e  and wel l - s tocked  animal colony houses s e v e r a l  thousand 

In a d d i t i o n ,  a 

4 

1 

l a b o r a t o r y  animals .  
dogs, pigeons,  g o a t s  snd monkeys. 
h e a l t h  o f  t h e s e  animals ,  and e f f i c i e n c y  i n  provid ing  s u i t a b l e  animals  
needed i n  t h e  r e s e a r c h  program, have been an important  f a c t o r  in t h e  suc- 
c e s s  o f  t h e  l a b o r a t o r i e s .  

The  c h i e f  s p e c i e s  a r e  mice, r a t s ,  gu inea  p i g s ,  c a t s ,  
Lbdern methods o f  main ta in ing  the 

Equal ly  important  a s  t h e  animal supply i s  t h e  adequate  ins t rumenta-  
t i o n  needed i n  modern b i o l o g i c a l  r e sea rch .  
Le kep t  i n  ao rk ing  o r d e r ,  s p e c i a l  t y p e s  o f  l a b o r a t o r y  furniture and cages  
must be devised  and c o n s t r u c t e d ,  autopsy t a b l e s  need t o  be b u i l t .  
complicated lab , , ra tory  such a s  the c l i m a t i c  f a c i l i t y  r e q u i r e s  s k i l l e d  
r e f r i g e r a t i o n  mechanics and eng inee r s .  
t h e  work of these t e c h n i c i a n s  make p o s s i b l e  the c u r r e n t  r e sea rch  program 
and pave t h e  way f o r  f u t u r e  work. 

V I .  The Research Promam 

Research c a r r i e d  on a t  Chemical Corps Medical L a b o r a t o r i e s  i s  an 
important  p a r t  nf a n a t i o n a l  program involv ing  many m i l i t a r y  and non- 
m i l i t a r y  government a g e n c i e s . a s  well as numerous i n d u s t r i a l  and u n i v e r s i t y  
r e s e a r c h  groups,  a l l  o f  which have a v i t a l  interest in the hazards  asso-  
c i a t e d  w i t h  t h e  use of t o x i c  chemicals.  
h a r l a r e  agen t s  these chemica ls  i nc lude  i n s e c t i c i d e s ,  l u b r i c a n t s ,  p rope l -  
l a n t  f u e l s  and o x i d i z e r s ,  f i r e  e x t i n g u i s h a n t s  and o t h e r  compounds which 
p resen t  p o t e n t i a l  hazards .  The p a t t e r n  of t h e  r e sea rch  program r e f l e c t s  
t h e  mission o f  Medical L a b o r a t o r i e s  a s  desc r ibed  on page 1. 

E l e c t r o n i c  equipment has  t o  

A 

Throughout Medical L a b o r a t o r i e s  

In a d d i t i o n  t o  the chemical 

Exchanse of in format ion  on toxic chemica ls  i s  main ta ined  w i t h  a l l  
o t h e r  agenc ie s  working on s i m i l a r  problems, and results o f  Medical Labo- 
r a t o r i e s '  r e sea rch  a r e  d i s t r i b u t e d  promptly t o  o t h e r  agencies  on a 
"need-to-knm" b a s i s ,  There i s  a c l o s e  c o r r e l a t i o n  between t h e  work done 
a t  Medical L a b o r a t o r i e s  and t h a t  c a r r i e d  ou t  under the supe rv i s ion  o f  
t h e  Surgeon Genera l ,  a t  t h e  Army Medical Research Labora tory ,  i n  t h e  
Ordnance and Cuar te rmas ter  Corps,  the Corps o f  Engineers, and a t  the 
v a r i o u s  a r s e n a l s  and proving Grounds. 
t h e  o f f i c e  of  t h e  Air Surgeon, t h e  School o f  Avia t ion  Medicine, t h e  
A r c t i c  Aero Medical Labora tory  and t h e  Air Research and Development Com- 
mand. S i m i l a r  l i a i s o n  e x i s t s  w i t h  the O f f i c e  o f  Naval Research, Xaval 
Research Labora tory ,  Naval Ordnance, Bureau o f  Medicine and Surgery,  and 
other bureaus o f  t h e  Navy which  have an interest i n  poisoninu by t o x i c  
cherni c a l  s . 

Close  l i a i s o n  i s  maintained w i t h  

16 
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The results of the Medical Laboratories '  research program carr ied 
on by permanent s t a f f  members ( c i v i l i a n  and mili tary) are published as 
Medical Laboratories Research Reports (#RR's). Each report  represents 
termination o f  a s ign i f icant  task o r  test program in a g iven  project.  
D u r i n g  1953 e i g h t y  such reports  were published and d is t r ibu ted  t o  inter- 
ested mi l i ta ry  and c i v i l i a n  agencies. 
searches, and general a c t i v i t i e s  are published a s  t h e  occasion warrants, 

appeared i n  1953. 
approximately 120 reports.  

search i s  continuous contact w i t h  c i v i l i a n  scientists who are  au thor i t ies  
i n  specialized areas  o f  the biological,  biochemical and chemical sciences. 
L i k e  many other  Government research organizations,  Medical Laboratories 
makes use o f  special ly  t ra ined s c i e n t i s t s  and unique u n i v e r s i t y  and i n -  
dus t r i a l  laborator ies  i n  order t o  enlarge i t s  own research program eco- 
nomically and ef fec t ive ly .  Some of  t h i s  i s  accomplished by using these 
s c i e n t i s t s  as  consultants.  O t h e r  phases of research are assigned t o  
"contractors'; i n  t h i s  way t h e  Chemical C o r p s  can accelerate  such aspects 
o f  i t s  program as  may be necessary. The five-year cumulative funding of 
the  Medical Laboratories contract  program i n  e f f ec t  i n  1953 amounted t o  
approximately $1,800,000.00; t h i s  was disbursed t h r o u g h  contracts  t o  the 
f o 1 low i ng : 

Results of conferences, literature 

as Medical Laboratories Special Reports ( B U R ' S ) .  About 30 of these - 
Thus the publication program f o r  a calendar year is 

A fundamental prerequis i te  fo r  success of Medical Laboratories' re- 

Batel le  Memorial Insti tute (Dr. Williams) 
Brooklyn Polytechnic Inst i tute  (Dr. Gregor) 
Columbia Univers i ty  (Dr. Slanetz) 
Goodrich (B.F.) Company (Dr. Stevens) 
Harvard University (Drs. Radford, Ib r r i s )  - 2 contracts  
Ilazleton Laboratories (Dr. Watts) 
Indiana University (Drs. Thacher, Robinson) - 2 contracts  
Johns I lopkins  University Ors. Dethier, Grob, Richter) - 

3 contracts  
Lovelace Foundation (Dr. Reif) 
Massachusetts General H o s p i t a l  (Dr. Frazier)  
bkdical College of South Carolina (Dr. Walton) 
Medical College of  Virginia Or. Iiaag) 
National O p i n i o n  Research Center (Dr. Harks) 
Southern Research Ins t i tu te  (Drs. Bbntgomery, Skipper) - 
Tuf ts  Col lege Or. Roeder) 
Univers i ty  o f  Colorado, Medical School aDr. Holmes) 
University o f  Delaware (Dr. Clark) 
University o f  Florida (Dr. Lauterl 
University of I l l i n o i s  (Drs. Gordon, Prosser) - 2 contracts  
University of Maryland (Drs. Greenhill ,  Lindenberg) - 2 contracts  
University of Michigan (Dr. Seevers) 
University o f  Pennsylvania (Drs. Detweiler, Comroe) - 2 cont rac ts  
University o f  P i t t s b u r g h  CDrs. Buchsbaum, H i l l )  - 2 cont rac ts  
University o f  U t a h  (Dr. Jager) 

2 contracts  
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University of Virginia (Dr. Chanutin) 
University of Wisconsin Or. Busse) 
New York Psychiatr ic  I n s t i t u t e  (Dr. Hoch) 

Each contractor reports  a t  periodic intervals t o  Medical Laboratories. 
Such reports  a s  are  of widespread interest are  published as Medical Labo- 

agencies, 
- ra tor ies '  Contract lieports (WR's) and d i s t r i b u t e d  t o  a l l  in te res ted  - 

. Contacts w i t h  the s c i e n t i f i c  world are  also maintained by exchange 
o f  i n f o r m a t i o n  t h r o u g h  a r t i c l e s  i n  s c i e n t i f i c  journals ,  par t ic ipat ion i n  
national meetings of professional soc ie t ies ,  and dissemination of  informa- 
t i o n ,  w i t h i n  the  r e s t r i c t i o n s  o f  securi ty ,  t o  a l l  persons in te res ted  in 
the hazards resulting from the  use o f  toxic  chemicals. Some o f  t h i s  is 
car r ied  o u t  d i r ec t ly ,  some t h r o u g h  such cooperat ing agencies as t h e  Na- 
t i o n a l  Research C o u n c i l ,  National Insti tutes o f  Health, and the U. S. 
Department o f  Agriculture. 
c i t i zen  t e n e f i t s  d i r e c t l y , .  as well as ind i rec t ly ,  from Medical Labora- 
t o r i e s  research on t o x i c  chemicals. 

The net r e s u l t ,  however, i s  tha t  the American 

The current research program can be pictured as an advance on f ive 
s c i e n t i f i c  f r o n t s .  
exposure t o  toxic chemicals, and treatment for  cases o f  poisoning by t h e m ,  
the mechanism ef. sc t ion  o f  the pa r t i cu la r  compound must be kiown. (2) 
Information gained on  how the chemical a f f e c t s  the l i v i n g  body enables 
other  s c i e n t i s t s  t o  devise protect ion S a i n s t  poisoning Q t ox ic  chemicals. 
(3) I n  cases of accidental  exposure without such protection, o r  poss ib l e  
exposure of  a mi l i ta ry  o r  c iv i l i an  population t o  chemical warfare agents, 
f i r s t  a id  and treatment for exposure t o  tox ic  chemicals can be formulated 
on  the basis  of knowledge gained i n  mechanism of action studies.  
E v a l u a t i o n  o f  wound b- a n p w  is another f ront  on w h i c h  
Medical Laboratories research makes s igni f icant  contributions.  ( 5 )  I n  
the course of the  foregoing programmatic research, much basic and inc i -  
dental  s c i e n t i f i c  knowledge i s  acquired; t husson t r ibu t ions  t o  Dublic 
welfare becomes another f ront ,  not an end i n  i t s e l f  b u t  a "bonus return" 
t o  the taxpayer on money spent fo r  military-sponsored research. This 
f i v e - f o l d  aspect o f  Nledical Laboratories research can be out l ined i n  the 
f o l l o w i n g  table.  

(1) I n  order t o  be able t o  devise protection against 

--- 
(4) 
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ChL C MEDICAL LAEORATORIES RESEARCIl PROGRAM 

1. Mechanism of Action of Such Toxic Chemicals as: 

Chemical warfare agents 
Insect ic ides  
Other chemicals of mi l i ta ry  s ignif icance 

2. Protection Against Toxic Chemicals by Means o f :  

Protect ive o in tments  
Protect ive clothing 
Gas Masks 
Gecontamination of food and water 

3. Treatment fo r  Exposure t o  Toxic Chemicals by use of:  

A t m p i n e  
A r t i f i c i a l  resp i ra t ion  
Personnel decontamination 

1. 

5 .  Contributions t o  Basic Science and P u b l i c  Welfare in :  

Hound B a l l i s t i c s  and Body Armor. 

C1 in i ca l  medicine 
tluman physiology and biochemistry 
Insect physiology 
Development of special  techniques and apparatus 

1. Mechanism of Action o f  Toxic C hemic a 1 p 

Chemical Warfare Aqents. Medical Laboratories e x i s t s  as a research 
f a c i l i t y  01 the Chemical Corps, and a s  such has a primary respons ib i l i ty  
for increasiay o u r  s tore  of  knowledge - both  theore t ica l  and applied - 
concerning the medical aspects of the use of tox ic  compounds which can 
be used as  chemical warfare agents. '  The nerve gases - a group o f  organic 
e s t e r s  of phosphoric acid der ivat ives  - are  aiwng the mst potent of 
known chemical warfare agents; they are also most adaptable t o  l o w  'r&nAe 
attackupo_n_.ccii  l i aypopu  l a t  ions. For t h i s  reason considerable research 
has been car r ied  o u t  on-these-toxic chemicals by Medical Laboratories in 
order  t o  prevent widespread d i sa s t e r  t o  t h e  United S ta t e s  i n  t h e  event o f  
t h e  use of nerve gases by a potent ia l  enemy. The  h i s t o r y  and action of 
the nerve gases are  best  described i n  U R  18 (Ref. 41, authored by two  
Medical Laboratories cont rac tor -sc ien t i s t s ,  and i n  a paper f r m  Dkdical 
Laboratories (Ref. 4A). Nerve gases act  a s  'anticholinesterases*; their  
t ox ic i ty  is due t o  the i r  a b i l i t y  t o  i n h i b i t  t h e  e s sen t i a l  chol inesterase 
enzymes which  control  normal nervous, muscular, and glandular a c t i v i t i e s .  
T h e  mechanism of action of such antichDlinesterase compounds was reported 
i n  o t h e r  bbdical Laboratories reports  (Kef. 3, 5 ,  6, 8). 

I j ---, 
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:.iedical Laboratories' technicians combine the sk i l l s  of a chemist 
arid those o f  a b i o l o g i s t  i n  using animals for experimental purposes, 
t o  obtain answers on such questions as "why i s  chemical X toxic" or 
"what happens when chesical X reaches a certain organ or tissue"? 

20 
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I n  the Physiology Division, scientists seasure t h e  e f f ec t s  of 
nerve gas on respiratory r a t e ,  t i d a l  volume, and various body 
functions. 
plethysmograph, whose heart  action i s  recorded on an electro-  
cardiograph and blood pressure on a manometer. Such simul- 
taneous measurements enable close correlat ion o f  rapidly- 
developing e f f ec t s  on important body functions, and f u r n i s h  
valuable clues t o  the type of treatlnent necessary. 

Here an animal subject is enclosed i n  a body 

A scientist i n  t h e  Physiology Division t e s t s  the e f f ec t s  of 
nerve gas on the mechanical properties of exposed lungs-of 
anesthetized guinea pig. The apparatus measures a i r  pres- 
sures needed t o  i n f l a t e  the lungs t o  constant volume i n  
constant time. 
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The leas t  tox ic  of these, known as DFP (di-isopropyl fluorophor- 
phate) has been s tud ied  t o  increase our knowledge of basic nerve gas 
action (Ref. 5 t h r u  16). Mustard gas was one of the f i r s t  chemical war- 
f a re  agents, and t h e  o n l y  one widely used i n  World War I. The biological 
action of mustard continues t o  be studied since it  i s  an e f fec t ive  agent 
under cer ta in  circumstances. (Ref. 17 t h r u  21). Phosgene and phosphorus 
compounds were also studied fo r  their  toxicology (Ref. 22-24). 

. .  m. German s c i e n t i s t s ,  i n  t h e i r  search fo r  a potent i n -  
Chemicals have been found man's 

Such chemicals are  of ten 
T h u s  there  is a close relat ionship between i n -  

sect ic ide,  discovered the nerve gases. 
g rea tes t  a l l y  i n  h i s  warfare against insects .  
a l s o  very toxic  t o  man. 
sec t ic ides  and the  general f i e l d  of chemicals tox ic  t o  man. 
t i v e s  of the nerve gases are  the current ly  used insec t ic ides  TEPP ( t e t r a -  
e thyl  pyrophosphate) and Parathion ( d i e t h y l - p - n i t r o p h e n y l  thiophosphate). 
Both of these have  presented hazards t o  agr icu l tura l  users,  and deaths 
have resul ted.  Studies have been made of these accidental  deaths, and 
precautionary measures suggested (Ref, 25-28). The  biological propert ies  
and t o x i c i t y  t o  mammals o f  WT were also subjects  of Medical Laboratories 
research (Ref. 29-32). 

. 

Close r e l a -  

Mil i tary Chemicals. A t  a recent t r i - se rv ice  conferencs on  the health 
hazards o f  mi l i ta ry  chemicals, Colonel Hilliam E. R. Sullivan, a t  t h a t  
time Deputy Commander of the Army Chemical Corps Research and Engineering 
Command pointed o u t  t h e  need f o r  s tudies  on the  potent ia l  health hazards 
o f  h a n d l i n g  cer ta in  of the  new chemicals used by m i l i t a r y  and c iv i l i ans  
a l i k e .  

"Many of the chemicals proposed fo r  use by t h e  mil i tary,"  Colonel 
Sullivan stored, "may be exceedingly toxic ,  and o n l y  t h r o u g h  the inves t i -  
gations performed under t h i s  program can we determine the safety precau- 
t ions  which must be observed. A l l  too of ten i n  the past ,  experience has 
demonstrated tha t  some suLstances previously considered innocuous are  
actual ly  harmful and present great danger t o  l i f e  and h e a l t h .  Consider 
the example o f  t h e  all-purpose cleaner, carbon te t rachlor ide.  T h i s  f l u i d  
i s  commonly used as  a degreaser i n  many households ,  b u t  it i s  toxic  and 
the Army permits i t s  use only if  no other  solvent i s  avai lable  - and t h e n  
o n l y  K i t h  s t r i n g e n t  safety precautions. 
was discovered a long time ago by accidental  human poisoning. 
the mi l i ta ry  departments cer ta in ly  cannot depend upon accidents t o  gu ide  
them i n  the i r  handling of mi l i ta ry  chemicals.- 

The per i l  contained i n  t h i s  f l u i d  
However, 

: 

An important group of chemicals includes those used fo r  t h e  new 
-& types o f  fuels. The age o f  rockets and guided missiles has ushered i n  

new concepts of t ransportat ion.  These newer types of engines do n o t  op-  
e r a t e  on the usual fue ls ;  i n  their place are s p e c i a l - f u e l s  and the neces- 
sary "oxidizers" which are a prerequis i te  fo r  ign i t ion  of these power- 
packed l iquids.  

By long acquaintance, men who have worked w i t h  gasoline engines 
and the famil iar  f u e l s  t h e y  use have come t o  know t h e  hazards involved 
and have  learned t o  t a k e  the necessary precautions. 
* M,SR 48, A u g u s t  1954. 

B u t  the  newer l iqu ids  
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which these power p lan ts  consume a re  f a r  more dangerous. 
t h e y  provide more powerful explosive combinations, but i n  themselves t h e y  
may be poisonous when splashed on the s k i n  o r  eyes, o r  when inhaled. 
Rockets and guided missiles requi re  f u e l s  which have h i g h  energy and re- 
ac t iv i ty .  In many instances these fue ls ,  oxidizers  and their decomposi- 
t i o n  products a re  poisonous, and condi t ions attending their  use may pre- 

Not only do 

.. sent hazards t o  personnel. 

The research s t a f f  of t h e  Chemical Corps bkdical Laboratories have . had l o n g  experience i n  studying the  tox ic  p o t e n t i a l i t i e s  of chemical sub- 
stances,  i n  learning how t o  avoid dangerous contact,  and the treatment 
measures t o  be taken i n  case of  exposure t o  them. 
these newer fue l  requirements, the  fikdical Laboratories scientists are  
playing a leading ro l e  i n  applying their  techniques t o  the  study of tox ic  
aspects of propel lants ,  and i n  educating the public t o  the health hazards 
involved. 

U i t h  the advent of 

The t o x i c i t i e s  of a number of propellant fue ls  have been studied by 
Among them are  an i l ine ,  Chemical Corps Medical Labqratories personnel. 

several  a lco l~ols ,  and hydrazine. (Ref. 34-36, 61, 62-67). 

gen peroxide, l i qu id  oxygen, and red f u m i n g  n i t r i c  acid. (Ref. 65, 70, 
72-75). Using animal subjects ,  Medical Laboratories scienti 's ts  f w n d  
tha t  hydrogen peroxide, a s  a f i n e  mist, can be a se r ious  tox ic  hazard, 
causing tissue damage t o  the eyes and trachea. Red fuming ni t r ic  acid 
can produce severe burns, but i t  i s  a lso dangerous because i t  can produce 
poisoning by inhalat ion of  t he  fumes. 

such a s  tromomethanes and carbon te t rachlor ide ;  (Ref. 48, 49, 50, 58, 59); 
solvents ;  various intermediate and decomposition products (Ref. 79, 80) 
such a s  tetranitromethane and nitrogen dioxide. 
s tud ies  were ca r r i ed  o u t  on diborane, pentalorane, decaborane, and boric  
acid (Ref. 37-47); on cyanides (Ref. 53-56) and chloropicr in  (Ref. 51). 

Some oxid izers  which are  needed t o  burn these propel lants  are  hydro- 

Other chemicals of  mi l i t a ry  interest  involve f i re  extinguishants 

I n  addition, t ox ic i ty  

2. Protect ion Aaa ins t  Toxic C hemicalp 

A chemical, i n  order  t o  be tox ic ,  must be able  t o  gain entry i n t o  
the  body. 
tutes a hazard i n  exposure t o  tox ic  chemicals. 
s k i n  o r  o ther  exposed surfaces  of  the Lody. 
o u s  because of the i r  a b i l i t y  t o  penetrate  in this way a re  sa id  t o  have 
percutaneous tox ic i ty .  Nustard gas i s  a chemical warfare agent of t h i s  
t y p e ;  the newer insec t i c ides  such as TEPP also a re  dangerous because o f  
their percutaneous tox ic i ty .  
f o r  those exposed t q  percutaneous hazards. 
o f  p ro tec t ive  clothing,  and the physiological e f f e c t s  on men ueering such 
clothing,  ac t  as a guide t o  development and improvement of protect ive 
clothing f o r  our t roops (Ref. 81-66). 

There a re  three  c o m n  routes  of entry, each of w h i c h  cons t i -  
One route i s  through the 

Chemicals which are  poison- 

Protect ive clothing i s  a sa fe ty  precaution 
Studies on the  effect iveness  

23 

Case4:09-cv-00037-CW   Document158-2    Filed10/06/10   Page29 of 71



Introduction of new fue ls  fo r  a i r c r a f t  requires new dispersion 
techniques i n  studying the health hvards of vapors from these 
fuels. On t h e  l e f t  is the apparatus f o r  producing t h e  vapor 
under  consideration. 
cliaiber b i g h t  center) containing the experimental aniaals whose 
response t o  the vapor can then  be studied. 

'This vapor is then introduced in the'gassing 

Considerable cliemical aiialysis of contminated atmosphere is 
essential i n  s tudies  of the potent ia l  health hazards involved 
i n  manufacture of clienical warfare agents. 
photometers (lower le f t !  and photoelectr ic  f i l t e r - type  color- 
i ne t e r s  (center) expedites this analyt ical  work. 

The use of spectro- 
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I n  a study of the health hazards of red fuming n i t r i c  acid vapor, 
the acid i s  allowed t o  d r i p  over a surface i n  t he  column at  t h e  
l e f t .  
constant-flow gassing chmber on t h e  r i g h t .  
chamber w i l l  exhibi t  tox ic  signs depending on t h e  concentration 
of the vapor and t h e  length  of the exposure time. 

Vapors euanating f roa  t h i s  surface are swept i n t o  t h e  
The r a t s  i n  t h e  

+ 

niedical Laboratories scientists inves t iga te  the hazards involved 
i n  handling hydraulic f luids .  The instrument a t  the lower r i g h t  
heats t h e  o i l  t o  1500 F; resulting fumes are t h e n  cooled by the 
f i n s  (center) and led in to  the gassing chamber containing the 
experinental an imls .  
measuring t h e  anount of carbon olonoxide i n  t h e  chamber. 
instruneat  on the l e f t  measures t h e  a i r  flow, 

The instrument i n  the upper center i s  
The 
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Other cliemicals present a tox ic  hazard when th.ey a re  inhaled, e i t h e r  
as vapors o r  aerosols. 
phase of Medical Laboratories research, s ince a great  number of chemicals, 
o ther  than the nerve gases, gain en t ry  in to  the  body through the throa t ,  
nasal passages and lungs. Gas masks a re  special  protect ive devices t o  
eliminate a s  f a r  as possible  the hazards of inhaling poisonous gases and 
fumes. T h e  tes t ing  of  gas  masks a s  well a s  the i r  wearabi l i ty  and e f f ec t  
? n  mil i ta ry  tasks  occupy the a t t en t ion  of spec ia l  groups i n  Medical Labo- 
r a t o r i e s  (iief. 07-90). 

Inhalation t o x i c i t y  s tudies  a re  an important 

. " 

The poisoning of food and water suppl ies  by chemicals i s  a constant 
hazard, h t h  i n  peace and war. Development of detect ion and techniques, 
decontamination of such poisoned mater ia ls  i s  another continuous proyram 
o f  t he  Medical Laboratories research s t a f f  (Ref. 91). 

3. Treatment for  Exuosure t o  Toxic Chemicals 

Considerable research has been ca r r i ed  on at  Medical Laboratories i n  
the  development of f i r s t  a id  k i t s ,  therapeut ic  ointments, ant idotes  and 
procedures f o r  use i n  cases  of poisoniny by chemical warfare agents. 
the  case of the  nerve gases, such treatment depends upon the  prompt use 
of  adequate amounts of atrqpine.  Numerous s tudies  a re  under. way, which 
have a s  their  aim more accurate knowledge of how atropine and atropine 
subs t i t u t e s  can be used t o  prevent nerve gas casua l t i e s  (Ref. 92-103). 
A r t i f i c i a l  resp i ra t ion  i s  frequently necessary, a s  well a s  a t ropine ther -  
apy. 
and i n  the  development of r e susc i t a to r s  (Ref. 104-110). 

ointment i n  poisoning by cadmium and mercuric chlor ide a s  well a s  by 
mustard (Rei'. 120-1241 have also been subject t o  evaluation (Ref. 111- 
11$). 

In 

k d i c a l  Laboratories has made notable contr ibut ions i n  this f i e l d ,  

Therapy fo r  exposure t o  mustard (Ref. 125, 126) and t h e  use of BAL 

4. Wound B a l l i s t i c s  and Bodv 

Protect ion of the bqdy against  wounding a s  well a s  against  exposure 
to  chemical warfare agents, i s  another important aspect of Medical Labo- 
r a t o r i e s  research. Studies  have been ca r r i ed  out on the  effect iveness  
o f  steel armor and of nylon armor (Ref. 127, 128, 130, 131), and on the 
liound b a l l i s t i c s  of r i f l e  b a l l s  (Ref. 129). 

T h e  f a c i l i t i e s  and the  s k i l l s  which ca r ry  on t h i s  project  a r e  unique, 

-' gra t ion  of such diverse  d i sc ip l ines  as e l e c t r i c a l  engineering, physics, 
representing a physical  plant  not duplicated anywhere else, and the  inte- 

chemistry, physiology, and medicine toward a coordinated solut ion of  t he  
problems. The very special  standing of t h i s  organization i s  a t t e s t e d  by 
the  f a c t  t h a t  a l l  agencies 01 the  Mil i tary Establishment a s  well a s  ce r -  
t a i n  foreikn nations among the f r e e  world r e ly  upon t h i s  project  as the 
one resource of  information on wound b a l l i s t i c s  and on ce r t a in  important 
phases of  bqdy armor. 
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5. Contributions t o  Basic Science and P u b l i c  Welfare 

In any research program conducted by able s c i e n t i s t s  there w i l l  i n -  
e v i t a b l y  t e  by-products o f  public value. 
Medical Laboratories t h i s  i s  cer ta in ly  the case. An important mission 
o f  these laborator ies ,  as  the preceding pages demonstrate, i s  t o  develop 
prac t ica l  procedure6 and equipment f o r  the prevent ion and treatment of 
casua l t ies  caused by exposure t o  tox ic  chemicals. 
t h i s  mission the research s ta f f  constantly has t o  acquire so-called *basic" 
s c i e n t i f i c  knoivledge on the mechanism of action in t h e  biochemical and 
physiological aspects of chemical po i son ing  before the more obvious 
"applied" results can be secured. 
basic and applied research: i t  i s  safe  t o  say tha t  few important cont r i -  
butions i n  applied research resul t ing i n  desired "end-items" have ever 
been made w i t h o u t  t h e  nourishment and stimulus o f  basic science. T h i s  i s  
for tunate  fo r  the public who support research, fo r  as a r e su l t  i n  a m i l i -  
t a r y  research program designed fo r  spec i f ic  object ives ,  the incidental  
Lasic research contr ibutes  by-products o f  value i n  a l l  walks of l i f e .  4s 
an i l l u s t r a t i o n  of  how such mi l i ta ry  research can pay of f ,  there  i s  i n -  
cluded as  Section VI1 t o  t h i s  p u b l i c a t i o n  a revealing a r t i c l e  by Colonel  
John it.  iiood, ivritten when h e  was Commanding Off icer  of Medical Labora- 
t o r i e s  (1949) and e n t i t l e d  'Contr ibut ions o f  Chemical Warfare Research 
t o  C l in i ca l  hkdicine." 

In the Army Chemical Corps 

In order t o  accomplish . 

There i s  no clear-cut boundary between 

These by-products o f  Medical Laboratories research apply i n  a var ie ty  
o f  areas: 
insect  physiology and the study of insec t ic ides ,  i n  t h e  development of 
special  biological techniques and apparatus, and i n  other miscellaneous 
f i e l d s  o f  s c i e n t i f i c  endeavor re la ted  t o  everyday l i v i n g .  
and also more technical  review of  bkdical Laboratories accomplishments 
from the per iod  1945 th rough  1952 i s  avai lable  Medical Laboratories 
Special  Report 2 5 ,  July 19531, based on journal  a r t i c l e s  and unclassif ied 
reports .  Some indicat ion of the amunt of  t h i s  work can be gained from 
the f ac t  t ha t  over the period covered (e igh t  years) some 150 journal a r -  
t i c l e s  t y  Medical Laboratories s c i e n t i s t s  have appeared on c l i n i c a l  as- 
pects o f  t h e i r  research; 200 a r t i c l e s  on insec t ic ides  and insect  physi- 
ology; and 175 a r t i c l e s  on application of o u r  knowledge of toxic  chemicals 
t o  c i v i l i e n  l i f e .  

i n  c l i n i c a l  medicine, i n  human physiology and biochemistry, in 

A more complete 

T h e  a g ~ r e y a t e  o f  these r e s u l t s  is an impressive picture  of the many 
advantages accruing t o  the p u b l i c  as  an extra  dividend on t h e i r  support 
of a mi l i ta ry  research program such as  tha t  of Medical Laboratories. 

T h e  e f fec t  of chemical warfare agents and many 
drugs o n  the nervous system has made i t  necessary fo r  Medical Laboratories 
s t a I f  t o  s t u d y  i n  d e t a i l  the mechanism o f  action o f  tox ic  cllemicals on 
the brain and the nervemuscle apparatus. I n  t h e  course of this  work 
our knohledye of how t h e  nervous systenl operates has been grea t ly  i n -  
creased, especial ly  w i t h  regard t o  the pharmacology o f  the nervous sys- 
tem, cholinergic Llockiny agents, and re la ted  problems. (Ref. 133, 139A, 
140, 141A, 142, 144, 145-149, 152, 152A, 1528). Pathological s tud ies  o f  

C l in i ca l  Medicine. 
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brain i n j u r y  (Ref. 143), experimental medical physiology (Ref. 135, 138) 
and c l i n i c a l  data o n  insec t ic ide  p o i s o n i n g  (Ref. 136, 141) are other areas 
i n  which Medical Laboratories has made contributions t o  medicine. 

Laboratories i s  the close l i a i s o n  effected by chemists and b io logis t s  i n  
tackling problems hhich over lap  bo th  f i e lds .  
i n  mechanism of  action s tudies  on t o x i c  chemicals car r ied  o u t  by the 
physiologists and the biochemists. I n  t h i s  area of  mutual interest, 
s c i e n t i s t s  from these two d isc ip l ines  j o i n  their  e f f o r t s  t o  solve some of 
the pressins enigmas of enzyme a c t i v i t y  and i n h i b i t i o n  (Ref. 159, 165, 
167, 168, 1711, biophysical phenomena (Ref. 156, 1751, and aerosol be- 
h a v i o r  (Ref. 154-173). General physiological phenomena included s tudies  
o n  tolerance of animals t o  heat and cold (Ref. 153, 161, 163, 173) and 
e f f e c t s  of exercise (Ref. 177). 

- Iiuman P h v s i o l o q y  Biochemistre. A unique advantage of Medical 

- This is par t icu lar ly  ev ident  

- 

- Insect Physiolosi. Agriculture i s  a major ac t iv i ty  of a large per- 
centage of mankind; the increasing demands of feeding growing populations 
have made i t  necessary t o  carry o n  a cons t an t  chemical warfare program 
against those insec ts  which impair o u r  agr icu l tura l  y i e l d .  The nature of 
insec t ic ides  and t h e i r  e f f ec t  on Insec ts  cons t i tu te  areas  of research 
closely a l l i e d  t o  those of N d i c a l  Laboratories. 
sec t ic ides  are toxic  t o  man as  well as t o  insects.  tluman f a t a l i t i e s  occur 
& h e n  care less  operators  a re  unfamiliar w i t h  the proper precautions of 
handling such dangerous insec t ic ides  as  TEPP and Parathion. Biochemical 
and physiqloyical s tudies  of these insec t ic ides  have already been d i s -  
cussed (pp. 5, 13). Dasic insect physiological s tudies  have included 
chemoreception (Ref. 180, 182, 104, 191, 195, 201, 202); laboratory rear-  
i n g  methds  (Ref. 178, 179); reaction of insects  t o  radioactive compounds 
(Ref. 185, 1U6, 190, 192); cholesterol  metabolism (Ref. 194, 203); DDT 
action (Ref. 181, 108) and fac tors  influencing chol inesterase a c t i v i t y  
(lief. 205, 20.5, 207). 

I n  addition, many i n -  

Special Techniques @Apparatus. I n  modern biological  research, 
special  equipment and techniques of ten  have t o  be developed i n  order t o  
solve n par t icu lar  research problem. 
v i t a l .  
importance t o  other  laborator ies  working on similar problems. Techniques 
fo r  determination of chol inesterase a c t i v i t y  (Ref. 212, 217, 220); methods 
f o r  determination o f  chlorides (Ref. 209, 210); micro-determination of 
chloropicrin (Ref. 214); development of a probe-type counter f o r  detection 
o f  D-particles (Ref. 215); apparatus f o r  determining retained doses o f  
inhaled gases (Ref. 211); and an e l e c t r o l y t i c  method fo r  determination 
o f  enzyme ac t iv i ty  (Ref. 223) are a few of t h e  contributions Medical Labo- 
r a t o r i e s  s t a f f  have made i n  t h i s  f i e l d .  

Instrumentation i s  par t icu lar ly  
Many o f  these nebver biological techniques are  of far-reaching 

Other F i e l d s  of  S c i e n t i f i q  Jnterest. As occasion demands, the re- 

The  
search f a c i l i t i e s  of  Medical Laboratories and i t s  contractors  are u t i l i z e d  
t o  h e l p  i n  solving problems re la ted  t o  t h e  Chemical Corps mission. 
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importance o f  knowing how d i s a s t e r s ,  created by new weapons, might affect 
the  m i l i t a r y  or c i v i l i a n  population, stimulated an inves t iga t ion  along 
these  l i n e s .  Problems in maintaining an animal 
colony capable of  meeting medical research demands were a l so  invest igated 
(Ref. 229, 230) .  

(Ref. 225, 227, 220) .  
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Enzymes which have been react ivated w i t h  radioisotope-labelled 
toxic  agents and then  partially digested are  added t o  an ion- 
exchange resin colmn. The wash f lu id  i n  the bulb above t h i s  
colum t h e n  washes the enzyme f rac t ions  and separates them. 
Individual f rac t ions  are collected by an automatic device and 
analyzed. Such research a i m  t o  f ind the answer t o  'the question 
"wi th  which  par t  of the enzyme does the toxic  chemical combine"? 

The blood sample under study i s  contained i n  a small beaker above 
the nagnetic s t i r r e r ,  and surrounded by a larger  beaker which i s  
maintained a t  a constant temperature by t h e  apparatus a t  the 
r i g h t .  
i n  f ron t  of the investigator.  
constant by the  addition of a l k a l i  fron the microburette above 
the pH neter. 
of enzjme act ivi ty .  

Electrodes i n  t h i s  reaction vessel lead t o  t h e  pll-meter 
A c i d i t y  i n  t h e  mixture i s  kept  

The r a t e  of addition of this a lka l i  i s  a measure 
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Standard outf i t  and new designs i n  clothing used by the various 
branches of the Scrvices are worn i n  contaminated a i r  t o  de- 
termine their cffectiveness i n  protectinu against toxic agents. 
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Elec t r ica l  a c t i v i t y  of the nervous systeu can be recorded by 
special  laboratory equipinent. This  asseinbly provides sinul-  
taneous photographic recording of s i x  independent phenomena 
displayed on cathode-ray oscilloscopes a f t e r  adequate anpl i f i -  
cation. 
chaabers which permit two concurrent experiments. In t h e  r i g h t  
background are the sap l i f i e r s .  I n  t h e  center backgrpund (par t ia l ly  
hidden) a re  t h e  cameras, oscilloscopes and accessory e lec t ronic  
equipnent. 
of radioisotopical ly  label led compounds which may be used. 

In the center and r i g h t  foreground are  two shielding 

I n  the  l e f t  background i s  equipment fo r  local izat ion 

Brain waves can be used as an index of nervous systed ac t iv i ty .  
The brain waves (electroencephalogram) from a subject placed 
inside the vent i la ted shieldiiig chamber a t  the r i g h t  are  re- 
corded by  the console-type i n s t r w e n t  a t  the l e f t  center. 
matic frequency analysis of the brain wave i s  acco.np1ished con- 
currently by the e lec t ronic  equiprnent i n  the center background. 
The accessory equipment on the t ab le  a t  the r i g h t  permits ex- 
posure of the subject t o  repeated, brief f lashes  of l i g h t  i n  
order t o  ac t iva te  his nervous system. 

Auto- 
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VII. CONTRIBWION OF CHEMICAL WARFARE RESEARCII To CLINICAL WXCINE 

John R. Wood, Colonel, Medical Corps 
Chief,  lledical Division" 

It i s  inevi table  i n  any large sca l e  research program, conducted by 
some o f  our rWst able s c i e n t i s t s ,  t h a t  there w i l l  be by-products of public 
importance. 
case i n  the f i e l d  of c l i n i c a l  medicine. 

, In the chemical warfare program, t h i s  i s  for tunately the  

Early i n  the war, the  Oxford University group i n  England, under 
R. A. Peters, began an intensive search fo r  an ant idote  f o r  the tox ic  
act ions of  lewisite, one of t h e  arsenical  b l i s t e r  gases. Like o ther  ac- 
t i v e  t r i va l en t  a rsen ica ls ,  i t  combines rapidly and firmly w i t h  proteins.  

t h a t  t r i v a l e n t  a rsen ica ls  are  tox ic  by reason of their  attack on the 
sulfhydryl (SI11 groups in v i t a l  body proteins.  Time w i l l  not permit 
presentation of a l l  of t h e  in te res t ing  de ta i l s .  Very b r i e f l y  it  was 
proven tha t  t r i v a l e n t  arsenic  knocks out enzyme systems containing SH 
groups, which a re  v i t a l  t o  body oxidation reactions;  the arsenic-sulfur 
bond t h u s  formed i s  dissociable  t o  some extent.  It was reasoned t h a t  i f  
a r e l a t ive ly  nontoxic, synthet ic  mercaptan could be discovered, which 
would form a t i g h t e r  bond w i t h  arsenic  than t h a t  between ar fen ic  and the 
SH groups of body proteins ,  two things m i g h t  be possible.  F i r s t ,  the  
synthetic mercaptan m i g h t  compete successfully w i t h  body proteins  f o r  un- 
combined arsenic ,  and second, t h a t  it m i g h t  be able to  gradually reverse 
the  combination between arsenic  and body proteins.  
be accomplished before the e s sen t i a l  body proteins  a r e  destroyed, i t  
m i g h t  be possible t o  f r e e  the SH groups and r e s to re  the body proteins  
t o  normal, 

As f a r  back a s  the ear ly  nineteen hundreds, i t  had been postulated 

I f  t h e  l a t t e r  could 

A de ta i l ed  biochemical study of  avai lable  sulfhydryl compounds was 
therefore  begun, both i n  the test tube and i n  the  l i v ing  animal. 
t ha t  none met t h e i r  c r i t e r i a ,  research workers synthesized a series of 
monothiols and d i th io l s .  
more e f f ec t ive  i n  competing f o r  arsenic.  T h i s  l e d  t o  their  discovery of 
2, 3-dimercapto-propanol, w h i c h  was g i v e n  the code name, BAL, f o r  B r i t i s h  
ant i - lewisi te .  T h i s  compound not only strongly and ruccessfu l ly  competes 
f o r  f r e e  arsenic  i n  the body, but, used ear ly ,  it can ac tua l ly  "unscramble 
the eggs," by peeling arsenic  o f f  o f  the v i t a l  SI1 groups, and restOre t h e  
e s sen t i a l  body proteins  t o  normal. 
i n g  o r  t r ea t ing  systemic arsenic  poisoning i n  experimental animals, caused 

. - by lewisi te .  EAL therefore  ranks a s  one o f  the few rea l ly  specific 
remedies known t o  medicine. 

Finding 

It was soon apparent t h a t  the d i t h i o l s  were 

: 
BAL was h i g h l y  e f f ec t ive  i n  prevent- 

T h e  success a t ta ined  i n  t r ea t ing  lewisite arsenical  poisoning w i t h  
BAL suggested t h a t  i t  migh t  succeed i n  antidoting o ther  forms of arsenic  
poisoning. T h e  most immediately ava i lab le  cases  were 7 individuals  from 

* written by Col Wood i n  1949. 
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Army Chemical Center, Md., who had arsenical  dermati t is  due t o  the chemi- 
c a l  wariare agent, DM. 
Johns Hopkins l lospital  snd t r ea t ed  w i t h  BAL. 
A l l  7 cases here promptly cured i n  an average of 5 days. 

The cases were t ransfer red  t o  Dr. Longcope a t  
The response was dramatic. 

W i t h  this spectact, lar  b e g i n n i n g ,  BAL was placed a t  the  disposal 01 
l i r s t  40, l a t e r  ahout 200, rapid treatment centers  which were t r ea t ing  
s y p h i l i s  w i t h  a rsen ica l  drugs. 
ilealth Service, BAL was t r i e d  i n  these centers  f o r  a var ie ty  of t he  se r i -  
ous arsenica l  react ions,  which occasionally follow the use of the  arseni-  
c a l  drugs. The most alarming and highly f a t a l  reaction i s  t h a t  due t o  
poisoning of the brain,  commonly ca l led  arsenical  encephal i t is .  
l i f t y - f i v e  cases of  t h i s  t y p e ,  t r ea t ed  k i t h  BAL, f i f t e e n  were classed a s  
mild, meaning t h a t  t h e y  here  disor iented,  had hal lucinat ions,  and here  
e i t h e r  i n  a semi-stupor, o r  were hyperexcitable. A l l  o f  these responded 
promptly t )  BOJ, in jec t ions  and recovered i n  2 o r  3 days. 

Under the  auspices of  the U.S. Public 

- 
O u t  o f  

F o r t y  cases were severe, meaning t h a t  they were i n  convulsions, o r  
deeply unconscious, and apparently progressing toward a f a t a l  termination. 
Of these,  31 wre  t r ea t ed  w i t h  BAL w i t h i n  6 hours of their  i n i t i a l  sei- 
zure. 
died: a mortal i ty  o f  2%. 

Tbdenty-four of  these recovered completely i n  2 t o  7 days, and 7 

Another very grave react ion occasionally seen i n  these rapid t r e a t -  
ment cases i s  agrnulocytosis,  a condition i n  which a l l  o f  t he  granular 
b v h i t e  blood c e l l s  a r e  destroyed and t h e  bone marror, injured. There were 
11 o f  these cases t r ea t ed  w i t h  BAL. Ten of them recovered rapidly and 
o n l y  one died, which  i s  a very favorable record f o r  these serious cases. 

O n e  of the most frequent and d i s t r e s s ing  react ions seen i n  these 
cases  i s  ex fo l i a t ive  dermati t is ,  i n  which large areas o f  the s k i n  i n -  
flame, crack open, ooze serum, and develop pustules. The i tching and 
discomfort are  intense and the  pa t ien t  i s  tox ic  and o f t en  gravely i l l .  
The severe cases  w h i c h  survive usually require  from 2 t o  3 months fo r  t h e  
s k i n  t o  l i e d .  
with BAL according t o  repor t s  from groups i n  t h i s  c o u n t r y  and England. 
About OPb o f  these cases  responded promptly t o  BAL, w i t h  marked r e l i e f  
from the d is t ress ing  symptoms i n  about 3 days. 
healing of the s k i n  i n  2 weeks. This  probably represents  the maximum 
benefi t  due to  the  neut ra l iza t ion  of arsenic  i n  the les ions  by BAL. 

i)ne hundred and th i r ty- three  such cases have been t r ea t ed  

They show 75% t o  9091 

. .  
Experimental work by the Medical Division and the University o f  

Chicaso Toxici ty  Laboratory has shown tha t  BAL, o r  ce r t a in  of i t s  ana- 
l o y e s ,  i s  very  e f f ec t ive  f o r  the treatment of  poisoning by o t h e r  tox ic  
metals, such as mercury, zinc and cadmium. Similar work try the  Food and 
Drug Adsinis t ra t ion has shown BAL t o  be an e f f ec t ive  ant idote  f o r  poison- 
i n y  Ly antimony, b i s m u t h ,  chromium, nickel and mercury. 

Based upon our experimental data  on the  favorable e f f e c t s  of  BAL on 
mercury poisoniny, D r .  Longcope made arrangements w i t h  the hospi ta l s  and 
Pol ice  Department of Baltimore t o  send a l l  bichlor ide o f  mercury poisoning 
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cases  t o  The Johns Hopkins Hospital, where h e  could t r e a t  t h e m  w i t h  BAL. 
Forty-three cases  have now been so t rea ted  w i t h  only 2 deaths - an 
a st o undi ng 1 y lo LV mort a 1 i t  y . 

B u t  t h i s  i s  n o t  the whole story. Mercury poisoning i s  o f t en  a l i n -  
g e r i n g  and extremely d is t ress ing  i l l n e s s ,  requiring weeks t o  months f o r  
recovery of t h e  survivors. I n  s t r i k i n g  contrast ,  the  BAL t r ea t ed  cases  
improve i n  a few hours, and a l l  cases t r ea t ed  w i t h i n  4 hours were com- 
p le te ly  well i n  2.5 to  7 days. Cases t rea ted  l a t e  recover mre slowly, 
because o f  damage t o  the kidneys, which has already occurred. 
est case i n  th is  series was t r ea t ed  19 hours a f t e r  swallowing 3 bichlor ide 
t a b l e t s ,  b u t  even this  pat ient  das completely well i n  3 weeks. 

. 

. The long-  

Recently BAL has been applied to  the treatment of gold poisoning. 
T h i s  sometines occurs during the treatment of a r t h r i t i s  w i t h  gold pharma- 
ceut ica ls .  
severe ex fo l i a t ive  dermat i t i s ,  agranulocytosis, o r  encephal i t is ,  remark- 
able l i k e  those seen i n  arsenic  poisoning. 
k i t h  BAL have been reported from 3 c l i n i c s .  Ten o f  these were ex fo l i a t ive  
dermati t is .  Nine recovered rapidly.  One was a severe encephal i t i s  case,  
who had also in te rna l  hemorrhages, and had l o s t  a l l  of h i s  blood p la te le t s .  
The pa t ien t  dramatically improved under BAL treatment, w i t h  prompt regain- 
i n g  o f  consciousness and cessat ion of bleeding; he went on  t o  rapid re- 
covery. The o t h e r  case was an agranulocytosis, whose granular w h i t e  blood 
c e l l  count dropped t o  p rac t i ca l ly  zero and h e  became gravely ill .  
recovery was rapid under DAL, and i n  just 12 days h i s  blood count has  
normal and remained so. 

Toxic react ions t o  gold a re  qui te  serious and may result i n  

Thus  f a r ,  12 cases  t r ea t ed  

His 

Experimental work t o  da te  has shown tha t  BAL i s  of no value f o r  
poisoning by lead, thall ium, o r  selenium. I n  spite of this,  BAL o f f e r s  
new hope, IJroLably o f  a d i f fe ren t  order of  magnitude, f o r  the treatment 
o f  many of the  common metal poisonings, BAL in o i l  is now commercially 
ava i lab le  from Hynson, Westcott and D u n n i n g ,  Inc., Baltimore. 

Some have considered it  surpr is ing tha t  any of  t he  war gases should 
prove useful a s  d r q s .  When i t  i s  remembered, however, t ha t  t h e  term 
" h i g h l y  tox ic  chemical" i s  p rac t i ca l ly  synonomous w i t h  " h i g h l y  ac t ive  
drug,"  there  i s  less  donder t h a t  intensive s tudies  of such compounds 
should reveal some of value to  the  physician. 
typ ica l  examples, 
when in jec ted  by v e i n ,  had a highly des t ruc t ive  effect on w h i t e  blood 
c e l l s ,  lymph glands and bone marrow. T h i s  suggested t h e i r  use i n  the 
leukemias, i n  which there is an overproduction of white blood c e l l s ,  and 
i n  Hodgkin's disease and lymphosarcoma, i n  w h i c h  there are  t u m o r  growths 
of  the lymph glands, 
t i ous  b e g i n n i n g ,  the t r i a l  o f  the  nitrogen mustards i n  cancer has now 
spread t o  a t  l ea s t  126 c l i n i c s ,  and hundreds of  cases a re  now under t r e a t -  
ment. kbre than 20,000 doses of  IN-2 hydrochloride have been sent to  
these c l i n i c s ,  and more than 500 case repor t s  have been co l lec ted  by the 
National Research Council Committee on Growth. T h e  nitrogen mustards 

The  nitrogen mustards a r e  
Mechanism s tudies  soon revealed t h a t  these compounds, 

These a re  a l l  f a t a l  forms of cancer. From a cau- 
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f o r  t h i s  tvork were prepared by the Chemical Corps. The treatment sets 
are  made u p  by Merck and Co., Inc., and are  d i s t r i b u t e d  fo r  c l i n i c a l  
study by the National Research Counci l  Committee on Growth .  

Cl in ica l  t r i a l s  have been expanded t o  include a var ie ty  of types of 

The f i r s t  

Seventy percent of these cases 

cancer. 
from the case reports,  which w i l l  be published i n  due course. 
o f  these summaries has been released. It gives the results i n  30 cases 
o f  various types  o f  cancer o f  the  lungs.  
o t ta ined  a d e f i n i t e  favorable response, w i t h  remissions las t ing  3 weeks 
t o  6 months, t u t  none was cured. A l l  21 cases had decreased o r  abolished 
cough and sputum, r e l i e f  from shortness of  breath and disappearance of 
bleeding from t h e  lung .  Most cases gained i n  strength,, weight  and appe- 
t i t e  and i n  many the l u n g  tumor g r e a t l y  diminished i n  size. 
of '  the cases obtained no s ignif icant  benefit from treatment w i t h  HN-2. 

T h e  Committee on G r o w t h  i s  now compiling and sumarizing data 

Itowever, 3046 

Approximately 160 cases o f  cancer o f  a l l  types, t rea ted  w i t h  n i t r o g e n  
mustards, have now been reported i n  the  medical l i t e r a t u r e .  It i s  c l ea r  
f rom t h e  reports  thus f a r  t h a t  the  nitrogen mustards probably do n o t  cure 
any form 01 cancer, b u t  they do prolong l i f e  i n  many instances, and b r i n g  
about remarkable remissions i n  some cases. 
Ilodgkin's disease and i n  cer ta in  forms o f  cancer of  the lupgs, where t h e y  
appear t o  induce good remissions i n  about 70% of t h e  cases. The response 
of  lymphosarcoma i s  spotty,  and the remissions are shortl ived. They ac- 
complish about as  much i n  t h e  leukemias as  x-ray, bu t  t hey  are  of l e s s  
value t h a n  x-ray i n  mast other  forms of cancer. 

They are  mast e f f ec t ive  i n  

It i s  t o o  ear ly  yet t o  draw many f i n a l  conclusions about the value 
o f  these agents i n  control l ing cancer, bu t  cer ta in  tentat ive ones appear 
t o  be just i l ' ied.  I f  the disease i s  widespread, o r  i f  i t  responds poor ly  
t o  x - r ay ,  t h e  nitrogen mustards should be t r i e d ,  either alone, o r  i n  
coibination r f i t h  x-ray. 

ilK-2 merits consideration as the  treatment o f  choice i n  3 types of 

I n  these cases suf f ic ien t  x-ray t o  i n -  
X-ray t o  so extensive an area would 
Second, f o r  cancer o f  the l u n g ,  when 

cases. 
scat tered widely over the body. 
duce a remission cannot be g i v e n .  
endanger the l i f e  of  the  pat ient .  
the main  in te rna l  v e i n  i n  the chest ( the vena cava) i s  p a r t i a l l y  obstruct-  
ed by pressure o f  the  tumor .  
swell and fu r the r  compress t h e  vena cava, resulting i n  dangerous edema. 
h'itrogen mustard does a cause the tumor t o  swell and avoids t h i s  r i s k .  
T h i r d ,  the so-cal led "x-ray fast' cases, which  no longer respond t o  x-ray 
o r  o t h e r  forms o f  cancer therapy. tH-2 w i l l  induce a remission i n  a t  
l ea s t  some of these cases,  and a few such cases have been reported as  
a g a i n  becoming suscept ible  t o  x-ray, a f t e r  HN-2 treatment. 

Nearly 100 additional nitrogen mustards have now been prepared. They 
are  being intensively studied as  possible cancer drugs i n  a coordinated 
program. The work i s  being done Ly the Medical D i v i s i o n  and Johns Hopkins 
Univers i ty  Medical School, i n  New York by the Memorial Hospital and 

F i r s t ,  i n  cases o f  Hodgkin's disease,  when the cancer process i s  

X-ray i n  these cases causes the tuwr t o  
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Sloan-Kettering Insti tute,  i n  Chicago by t h e  University of Chicago Tox- 
i c i ty  Laboratory, and i n  Birmingham by the Southern Research I n s t i t u t e .  
Much o f  the work i s  supported by g r a n t s  from t h e  Americar Cancer Society. 

f Another of the new chemical warfare . - p t s ,  which has found i t s  place 

"DFP" i n . t h e  s c i e n t i f i c  l i t e r a t u r e .  Studies  o f  the  mechanism o f  action of 
t h i s  compound a t  the  Medical Division and elsewhere revealed that  i t  would 
destroy the enzyme, cholinesterase.  This was a un ique  property,  no t  pos- 
sessed by any other  k n o k n  drug, since o the r  drugs merely suppress the  en- 
zyme fo r  a few hours.  

i i n  c l i n i c a l  medicine;-isopropyl 'f ? uorophosphate, now abbreviated t o  

Cholinesterase occurs i n  many t i s sues  of the body, but I t  is h i g h l y  
concentrated i n  the nervous system, par t icu lar ly  i n  nerve ganglia and a t  
the  terminal ends of the nerves. I n  the passage of a nerve impulse, say 
from brain t o  muscle, the impulse must pass across cer ta in  gaps, o r  con- 
nections i n  the  nerve path, ca l led  synapses. The  passage of the impulse 
i s  made possible a t  these points by the l ibera t ion  o f  t i n y  quant i t ies  o f  
acetylcholine a t  the nerve endings.  However, the acetylcholine must be 
quickly gotten r i d  o f ,  o r  the nerve r g i l l  continue t o  f i r e  impulses past 
the synapse. 
o f  control. 
i s  a f u n c t i o n  of  the chol inesterase concentrated a t  these poihts. 
enzyme s p l i t s  acetylcholine t o  choline and ace t i c  acid w i t h  extreme rapidi-  
t y .  
impulses are  stopped. 

t ress ing symptoms occur, fol lowed by convulsions and death. I f ,  however, 
o n l y  a f rac t ion  of t h e  es te rase  i s  destroyed, t h e n  the  e f f e c t s  which fo l -  
low w i l l  depend upon t h e  degree of depletion of  the enzyme i n  the various 
par t s  o f  the  nervous system. 
l i ke  DFP, i t  i s  possible t o  reduce the cholinesterase more strongly i n  
the most sens i t ive  pa r t s  of the nervous system, w i t h o u t  s ign i f icant  e f -  
f e c t s  on  the more r e s i s t an t  parts.  

T h i s  would cause the muscle t o  be overstimulated and go out 
Tbe r a p i d  destruct ion o f  these t i n y  charges o f  acetylcholine 

This 

Thus, only the main impulse passes, and the m u l t i p l e  sub-threshold 

If a l l  chol inesterase i s  knocked o u t ,  a variety o f  severe and d i s -  

Thus ,  by control l ing the dose o f  a drug 

i 

Studies o f  DFP indicated tha t  the autonomic nerves which con t ro l  
cer ta in  involuntary smooth muscles were affected by the smaliest doses 
o f  DFP. 
bladder are very sensi t ive.  If loca l ly  applied, ei ther a s  a vapor o r  
solution, two other  s e t s  o f  involuntary muscles are extremely sensi t ive.  
These are the muscles w h i c h  control the s ize  of the p u p i l  of the eye, and 
the  muscles which control the diameter of t h e  smaller a i r  passages i n  the  
lungs. I n  each of  these systems, DFP causes a s t r o n g  contraction of t h e  
muscles concerned. It is possible t o  counteract these effects by the use 
of  atropine.  

I f  atropine i s  used t o  control the e f f e c t s  of DFP on  t hese - sens i t i ve  
s t ruc tures ,  i t  i s  possible t o  g i v e  la rger  doses, u n t i l  the more r e s i s t an t  
par t s  o f  the  nervous system begin t o  be affected. It was hoped i n  t h i s  
way t o  Le able t o  g i v e  enough DFP t o  a f fec t  the nerve endings i n  the 
muscles, or i t s  t o o  rapid destruction by too much cholinesterase a t  these 
po i n t  s . 

I f  t h e  druy i s  injected, the  muscles o f  the in t e s t ine  and urinary 
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Considerable experience w i t h  a d r u g ,  ca l led  Prostigmine, which sup- 
presses chol inesterase f o r  several  hours, had shown t h a t  t h i s  t y p e  o f  
treatment i s  the only sa t i s fac tory  one t o  induce a re turn  of strength t o  
t h e  weak muscles. However, P ros t igmine  has two disadvantages. I ts  ef-  
t e c t s  l a s t  such a s h o r t  time tha t  a severe myasthenic must take many 
doses per 24 hours. 
myasthenic must budget one t o  several  d o l l a r s  per day ju s t  fo r  the p u r -  
cliase of. the  drug. DFP, o n  the  o ther  hand, has a very prolonged e f f ec t  
and i t  i s  qu i t e  cheap. 

Prostigmine is also qu i t e  expensive, and t h e  severe 

It "as therefore  w i t h  some enthusiasm tha t  the  s t a f f  a t  the Medical 
Division and a group a t  the University o i  Pennsylvania j o i n t l y  undertook 
t h e  c l i n i c a l  t r i a l  o f  DFP, f i r s t  i n  normal men and then  i n  myasthenic 
pa t ien ts .  
t o  undertake s imi la r  s tudies ,  p l u s  some very ingenious mechanism of ac- 
t i o n  s tudies  of DFP i n  liuman pat ien ts .  

Arrangements were also made w i t h  the  Johns Ilopkins ilospital 

T r i a l s  i n  the  normal subjects  soon revealed tha t  the dose of DFY 
k h i c h  could tie t o l e ra t ed  by man was v e r y  small, because of  i t s  h i g h  t o x -  
i c i t y  f o r  the brain and o ther  sens i t ive  regions o f  t h e  nervous system. 
Myasthenics sinii larly could t o l e r a t e  only small doses. Seventeen my- 
asthenics  were ca re iu i ly  chosen f o r  treatment, t o  represent a l l  degrees 
of severity and d i s t r ibu t ion  o f  the  disease among the variobs muscle 
c;riups o f  the body. Of these 15 had appreciable gains i n  strength from 
DFP treatment. 
t a i n  wlietlier the improvement was due t o  DFP, o r  t o  natural  remissions 
which occur i n  t!lis disease. 

G u r  next c l i n i c a l  appl icat ion of DFP met w i t h  much g rea t e r  success. 
There is a ser ious eye disease,  ca l l ed  glaucoma, i n  w h i c h  the  pressure 
develops i n  the  eye ta l l .  T h i s  leads t o  marked impairment o f  v is ion,  and 
unless the pressure i s  re l ieved ,  will cause blindness i n  a h i g h  percent- 
ace ~f cases. The only non-surgical treatment i s  t he  use of  druss w h i c h  
cause cons t r ic t ion  o f  the  pupi l ,  t h u s  afl'ordirrg be t t e r  absorption o f  the 
excess f l u i d s  from t h e  i n t e r i o r  o f  the eyebal l ,  
eser ine  and Prdstigmine, liill do t h i s ,  but t h e i r  act ion i s  o f  short  dura- 
t i o n ,  and they must be applied a t  frequent in te rva ls .  
o f  a very small amount of DFP i n  the eye causes the p u p i l  to cons t r i c t  t o  
pinpoint size.  
s t r i c t i o n  usually l a s t ing  o n e  t o  several  days i n  the normal eye. 

Two more were g r e a t l y  improved, but i t  could not be cer- 

O n l y  2 were n o t  t e n e i i t e d  a t  a l l .  

Certain drugs, such a s  

Local appl icat ion 

I t s  act ion i s  also very prolonged, t h e  pupi l lary con- 

Accordingly, arrangements were made to  have  a c l i n i c a l  study of DFP 

It has not f a i l ed  once t o  

B u t  more important, i t  succeeded i n  con- 

i n  the  normal eyes and glaucoma at  the  University of Pennsylvania. 
r e s u l t s  i n  glaucoma have been very favorable. 
control  the disease i n  any case tihich could tie control led Ly any o ther  
druij, o r  combination of drugs. 
t r o l l i n g  glaucoma i n  36 o f  70 eyes w h e n  a11 o ther  drugs had fa i led .  
addi t ion,  the  e f f e c t s  o f  DFP were so proIonr,ed t h a t  i t s  administration 
was required only one-f i f th  a s  o f t en  a s  o t h e r  drugs, averaging l e s s  than 
6 doses per week. T h e  0.1% solu- 
t i o n  of  DFP cos ts  v e r y  l i t t l e ,  

The 

I n  

It o f f e r s  an economic advantage, tco.  
'The other  drugs are  r e l a t i v e l y  expensive. 
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This ophthalmic solut ion may be obtained fo r  c l i n i c a l  t r i a l  from Merck 
and Co., Inc. , Rah~uay, New Jersey. 

It i s  also t rue  tha t  small injected doses of DFP cause contraction 
o f  the in t e s t ine  and urinary bladder. 
c l i n i c a l  s tudies  have been made of DFP, fo r  the treatment of conditions 
i n  which these o r g a n s  are involved. 

I t  was applied f i r s t  fo r  the r e l i e f  of urinary retent ion and d i s -  

A t  the  Johns Ibpkins llospital 

> 

t e n t i o n  o f  the bladder, which often occurs a f t e r  general anesthesia, and 
i n  invalids dur ing  prolonged confinement t o  bed. 
t o  some 60 such cases w i t h  excellent r e su l t s .  It f a i l s  only when the 
nerve supply t o  the bladder has been blocked o r  destroyed. 

It has now been applied 

One o f  the most troublesome and frequent conditions following ab- 
dominal surgery i s  para ly t ic  i l eus ,  i n  which  the m o t i l i t y  of the in tes -  
t i ne  i s  lo s t  and the  bode1 distends w i t h  gas. 
i n  Jevere i l l nes s ,  such as  pneumonia, per i toni t is ,  and diseases of the 
s p i n a l  cord.  fibderate cases make the pat ient  miserable, w i t h  nausea, 
v o m i t i n g  and abdominal pain. Severe cases are  alarming, and may cause 
the patient t o  become toxic ,  o r  even proceed t o  shock and death. 
able means o f  treatment have heretofore been qui te  d i s tu rb ipg  t o  these 
i l l  p a t i e n t s  and ra ther  unsatisfactory i n  the severe cases. 

these were d i f f i c u l t  cases, which had n o t  been relieved by t h e  usual 
measures; for ty-s ix  of  them were severe cases. 

The c o n d i t i o n  also occurs 

Avail- 

DFP h a s  now been applied t o  64 cases of  para ly t ic  ileus. A l l  of 

DFP ac t s  f i r s t  t o  s ens i t i ze  the non-motile, distended g u t ,  and gives 
it  tone. This occurred i n  a un i fo rm manner i n  a l l  64 cases w i t h i n  1 t o  
2 hours a f t e r  an intramuscular in jec t ion  of just  2.milligrams of DFP i n  
peanut o i l .  
i n t e s t i n e  may s t a r t  spontaneously, short ly  a f t e r  the g u t  becomes sensi- 
t ized.  The contractions are usually more gent le  than t h e  forceful  con- 
t rac t ions ,  which o f t e n  f o l l o w  the administration of o the r  drugs, and 
p a i n f u l  cramping was ra re ly  encountered. 
DFP, the r h y t h m i c  movements o f  the in t e s t ine  continue f o r  2 t o  5 hours ,  
b r i n g i n g  s t r i k i n g  r e l i e f  of t h e  distressing condition. 
o r  two more doses o f  jus t  one milligram each of DFP, spaced 12 hours 
apar t ,  i s  suf f ic ien t  t o  give complete relief t o  these cases. 

If the case i s  a moderate one, rhythmlc contractions of the 

Due t o  the prolonged action o f  

Ordinarly, one 

When a poten t ia l  n e d ' s  w, such a s  DFP, can be directed t o  t h e  
r e l i e f  of  so much human misery, it i s  a source o f  s a t i s f ac t ion  t o  be 
associated w i t h  chemical warfare research. 
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A Medical Library w i t h  soine 7,000 volunes of bound journals and 
reference books provides research literature for the hfedical 
Laboratories staff .  
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APPEWIX 1 

Research Personnel ,  Chemical Corps  Yedical L a b o r a t o r i e s ,  
as o f  December 1954 

S e n i o r  c i v i l i a n  r e s e a r c h  s t a f f  members a r ranged  alohabet&illv are a& 
f o  1 lows: 

*Anderson, Rupert  S., Ph.D., Columbia, 1925: C h e a i s t r y  (Enzyme). Youad 

*Bales, Paul D., A.M., Ind iana  U n i v e r s i t y ,  1928: Physics.  Applied Physi-  

* 

Bal l i s t ics  Branch. S p e c i a l  Interests: Enzyme and chemical physiology. 

S p e c i a l  Interest: C o o r d i n a t o r  of  o p e r a t i o n s  of climatic o logy  Branch. 
f a c i l i t i e s .  

*Barry, Michael C., M.D., Yale, 1947: Medicine. Ass't C h i e f ,  Physico- 
chemical Branch, S p e c i a l  i n t e r e s t s :  Radioac t ive  tracers i n  metabolism; 
c l in ica l  metabolism. 

Bauer, V i r g i n i a  E., A.B., Goucher Col lege ,  1940: C h e a i s t r y .  

*Bodenstein, Dietrich, Ph.D., U n i v e r s i t y  of Fre iburg ,  Germany, 1954: 

S a n i t a r y  
Chemistry Branch. S p e c i a l  I n t e r e s t :  Water p u r i f i c a t i o n .  

Zoology. Entomology Branch. S p e c i a l  I n t e r e s t s :  I n s e c t  endocrinology 
and developmental  physiology. 

%hadwick, Leigh E., Ph.D., Harvard, 1939: Biology (Entomology). C h i e f ,  
Entomology Branch. S p e c i a l  Interest: Insect physiology. 

Ass't Scient i f ic  D i r e c t o r  and C h i e f ,  Physiology D i v i s i o n .  
I n t e r e s t s :  
compo unds . 

Ass't Chief  o f  C l i n i c d  
I n v e s t i g a t i o n  Branch and C i v i l i a n  Medical Deputy o f  Commanding O f f i c e r .  
S p e c i a l  Interest: R e s p i r a t o r y  physiology. 

Applied Physiology Branch. 

*Chambers, William H., Ph.D., Washington ,Univers i ty ,  1920: Physiology. 
S p e c i a l  

Physiology, biochemistry,  and t o x i c o l o g y  of chemical 

Clements, John A.,  H.D., Cornell, 1947: Medicine. 

Cornish ,  Edwin E., Jr . ,  M.D., U n i v e r s i t y  o f  Pennsylvania ,  1947: Medicine. 
S p e c i a l  i n t e r e s t :  l l ed ica l  physiology. 

T r a i g ,  F r a n c i s  N., Ph.D., Harvard, 1937: Physiology. C h i e f ,  Applied 
Physiology Branch. 
physiology. 

S p e c i a l  Interest: Metabolism; e a v i r o n l w n t a l  

*ill, David B., Ph.D., S t a n f o r d ,  1925: Biochemistry and physiology. 
Scient i i ic  D i r e c t o r .  
and d e f e n s i v e  problems o f  CW. 

*Dziemian, A r t h u r  J., Ph.D., Pr ince ton ,  1939: Physiology. C h i e f ,  b u n d  
B a l l i s t i c s  Branch. S p e c i a l  Interests: Burn and t r a u m a t i c  shock; 
wound b a l l i s t i c s .  

S p e c i a l  Interests: Applied Physiology: o f f e n s i v e  

r 
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*Epstein, Joseph, M.S., University of Pennsylvania, 1940: Chemistry. 
Chief, Sanitary Chemistry Branch. Special Intarests: Reaction kinetics: 
food and water chemistry. 

Enzyme Chemistry Branch. 
on tissue metabolism. 

Fleisher ,  Joseph H., M.S., University of Michigan, 1940: chemistry. .. 
Special Interest: Ef fec ts  of tox ic  chemicals 

Freeman, Gustave, M.D., Duke University, 1934: Medicine. Chief, C l i n i c a l  
Investigation Branch. 
chemical casua l t ies .  

Special Interest: C l in i ca l  invest igat ion of 

Gordieyeff, Vladimir A.,  Ph.D., university of Warsaw, 1935: Chemistry. 
Aerosol Branch. 
scopy. 

Special Interests: Col loidal  chemistry and spectro- 

Grossman, David, B.S., Rensselaer Polytechnic, 1940: Electronics.  Chief, 

W a r t ,  E. Ross, Ph.D., Cal i fornia ,  1940: Pharmacology. 
Branch. Special Interest: Nerve impulse transmission. . 

*Rassett,  Charles C., Ph.D., Johns Hopkins University, 1941: Physiology. 
Ass't Chief, Entomlogy Branch. Special Interest: Insect physiology. 

*Herget, Carl  M., Ph.D., Johns Hopkins, 1940: Physics. Chief, Biophysics 
Division. Special Interest: Biophysics of body mechanisms. 

*Horton, Richard G., Ph.D., Cornell ,  1937: Physiology. 

Hesearch Instruments Branch. Special Interest: Research i n s t r u w n t a t b n .  

Chief, Neurology 

Ass't Chief, F i e l d  
Toxicology Branch. 
the nervous system. 

Technical Information Office. Special Interests: Technical writing 
and dissemination of s c i e n t i f i c  information. 

Special Interest: Physiology and toxicology of 

*Hylander, Clarence J. ,  Ph.D.., Yale, 1925: Biology (Botany). Chief, 

Innes, James It. M., Ph.D., Cambridge University, Enmanuel College, 1931. 
Chief,  Pathology Branch. Special Interests: Pathology of diseases of 
man, animals and laboratory animals w i t h  par t icu lar  reference t o  
diseases  caused by bacter ia ,  viruses, protozoa and worms. 

Jacobson, Keith, Ph.D., University of Cincinnati ,  1949: Biochemistry. 
Gassing Branch. Special Interest: Indus t r ia l  toxicology. 

*JanQrf,  Bernard J., Ph.D., Harvard, 1942: Biochemistry. C h i e f ,  Enzyme 
Chemistry Branch. Special  Interests: Tissue metabolism and i so la t ion  
and propert ies  of enaymes. 

F i e ld  
Toxicology Branch. 

. .  

Jof fe ,  Milton H., Ph.D., Ohio S ta t e  Universi ty ,  1949: Physiology. 
Special Interest: Respiratory phpsialopy. 
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OKondri tzer ,  A lbe r t  A., Ph.D., C i n c i n n a t i ,  1938: Biochemistry.  C h i e f ,  
Pharmaceut ical  Chemistry Branch. S p e c i a l  Interest: Pharmaceut ical  
Chemistry a s  related t o  CW. 

cology Divis ion .  S p e c i a l  Interest: I n h a l a t i o n  tox ico logy  and a e r o s o l  
therapy  . 
Ass't C h i e f ,  Wound Assessment Branch. S p e c i a l  I n t e r e s t :  H i s tophys ic s  
o f  wounded tissue. 

Krackow, Eugene H., B.A., Johns  Hopkins, 1934: Chemistry.  C h i e f ,  Toxi- 

. 
Krauss, Max, Ph.D., C a l i f o r n i a  I n s t i t u t e  o f  Technology, 1949: Biology. 

*Krop, Stephen,  Ph.D., C o r n e l l ,  1942: Pharmacology. Ass't C h i e f ,  Physi-  
o logy  Divis ion .  S p e c i a l  I n t e r e s t s :  Pharmacology and physiology of 
c i r c u l a t i o n  and r e s p i r a t i o n .  Coord ina to r  o f  M i l i t a r y  Chemicals  P r o j e c t .  

Kunkel, Anne M., M.S., U n i v e r s i t y  o f  Maryland, 1940: Pharmacology. Pharma- 
co logy  Branch. S p e c i a l  Interest: Therapy o f  chemical war fa re  agents .  

*Light ,  F rede r i ck  W.,  Ph.D., Johns  Hopkins Un ive r s i ty ,  1948: Mathematics. 
M.D., Johns  Hopkins Un ive r s i ty ,  1930: Medicine. C h i e f ,  Wound Assess- 
ment Branch. S p e c i a l  I n t e r e s t :  Pa thology o f  trauma. 

* M a r r a n i ,  Amedeo S.,  M.D., N.Y.U. C o l l e g e  of  Medicine, 1928: Medicine. 
(Physiology and Pharmacology). C h i e f ,  C l i n i c a l  Research Div is ion .  
Spec ia l  I n t e r e s t s :  Nerve impulse t r ansmiss ion  and l o c a l i z a t i o n  o t  
drug a c t i o n  i n  nervous system. 

F i e l d  Toxicology Branch. S p e c i a l  Interests: Toxicology,  r e s p i r a t o r y  
physiology. 

A s s ' t  C h i e f ,  
Gass ing  Branch. S p e c i a l  Interests: I n h a l a t i o n  t o x i c i t y  and physiology 
o f  chemical compounds. 

*Marzul l i ,  F r a n c i s  N., Ph.D., Johns Hopkins, 1940-41: Physiology. Ch ie f ,  

W r a t h ,  F r a n c i s  P., M.S., Georgetown, 1938: Biochemistry.  

WcNamara, Bernard P., Ph.D., Maryland, 1942: Pharmacology. C h i e f ,  
Aerosol  Branch. S p e c i a l  I n t e r e s t s :  Mechanism o f  a c t i o n  of  CW a g e n t s  
and methods o f  therapy .  

Wichel, Harry O.,  Ph.D., Duke, 1938: Biochemistry.  Ass't C h i e f ,  Enzyme 
Chemistry Branch. S p e c i a l  Interest: Kinetics o f  enzymatic  r e a c t i o n s .  

W b e r s t ,  Fred W., Ph.D., State  U n i v e r s i t y  o f  Iowa, 1930: Organ ic  Chemistry.  
C h i e f ,  Gass ing  Branch. S p e c i a l  I n t e r e s t :  I n h a l a t i o n  tox ico logy .  

% d e l l ,  Floyd A., Ph.D., Yale, 1940: Biology (Anatomy). 

: 

~ 

Ass't C h i e i ,  
Biophys ics  Div is ion .  
and body arrmr.  

S p e c i a l  I n t e r e s t :  Biophys ics  of wound b a l l i s t i c s  

O'Leary, John J., Ph.D., U n i v e r s i t y  of Roches te r ,  1951: Pharmacology. 
S p e c i a l  Interests: CW mechanism and m i l i t a r y  Pharmacology Branch. 

chemicals .  
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O'Neill, John J., M.S., U n i v e r s i t y  of Maryland, 1953: Organic  chemistry.  
Medicinal Chemistry Branch. S p e c i a l  I n t e r e s t :  Biochemistry o f  
enzymes and t he i r  o r g a n i c  chemical  models. 

P l ap inge r ,  Robert ,  Ph.D., U n i v e r s i t y  o f  Maryland, 1951: Organic  chemistry.  
Medicinal Chemistry Branch. S p e c i a l  I n t e r e s t :  Reac t ions  o f  o r g a n i c  
compounds w i t h  enzyme i n h i b i t o r s .  

Branch. S p e c i a l  I n t e r e s t :  Biophys ics  o f  body mechanisms. 
*Hobinson, E l l i s  J., Ph.D., N.Y.U., 1934: Physiology. Wound Bal l is t ics  

Rosenb la t t ,  David H., Ph.D., U n i v e r s i t y  o f  Connec t i cu t ,  1950 Chemistry.  
Pharmaceut ica l  Chemistry Branch. 
a n a l y t i c a l  o r g a n i c  methods. 

chemis t ry .  S a n i t a r y  Chemistry Branch. S p e c i a l  Interest: Reac t ions  
of  CW agents .  

Rubin, Leonard S., Ph.D., N.Y.U. Gradua te  School o f  Arts & Sc iences ,  1950: 
Psychology. Applied Physiology Branch. S p e c i a l  Interest: Psycho- 
physiology. 

S p e c i a l  I n t e r e s t :  Development o f  

Hosenthal ,  Robert  h . ,  Ph.D., U n i v e r s i t y  o f  Wisconsin,  1949: Organ ic  

*Saunders, Jack P., Ph.D., Maryland, 1953: BiocYemistry. Ass't Ch ie f ,  
Pharmacology Branch. 
CW and t h e r a p e u t i c  agents .  

S c h a f f e r ,  Norwood K., Ph.D., Harvard, 1936: Biochemistry.  M.D., Western 
Reserve, 1943: Medicine. Enzyme Chemistry Branch. S p e c i a l  Interest: 
Chemistry o f  drug a c t i o n .  

S p e c i a l  Interest: Pharmacology as r e l a t e d  t o  

+Snyder, Fred 31., Ph.D., Un ive r s i ty  of Wisconsin,  1940: Entomology. Ento-  
mology Branch. S p e c i a l  Interest: Development o f  r e s i s t a n c e  i n  i n s e c t s .  

S k d i c i n a l  Chemistry Branch. S p e c i a l  I n t e r e s t :  Organophosphorus 
compounds. 

S t e i n b e r g ,  G.,  Ph.D., Purdue, 1945: Organic  chemis t ry .  Ass't C h i e f ,  

S t ewar t ,  George M., Ohio State  Unive r s i ty ,  1929-32. 

*Summerson, William H., Ph.D., C o r n e l l ,  1937: Biochemistry.  

Body Armor Branch. 
S p e c i a l  Interest: Engineer ing.  

chemis t ry  Div i s ion .  S p e c i a l  I n t e r e s t s :  Metabolism o f  normal and 
cance r  t i s s u e  and e f f e c t  of  d rugs  on  i s o l a t e d  enzyme systems. 

Branch. S p e c i a l  Interest: Chemistry o f  S u r f ~ C e S .  

C h i e f ,  Bio- 

T r u r n i t ,  Hans J . ,  M.D., B e r l i n  Un ive r s i ty ,  1931. 

Wagner-Jauregg, Theodor,  Ph.D., U n i v e r s i t y  o f  Wlnich, 1926. 

C h i e f ,  Physicochemical 

C h i e f ,  
Medicinal Chemistry Branch. S p e c i a l  Interest: Medicinal  chemis t ry .  
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Uard, Dorothy M., M.S., Catholic University, 1939: Biochemistry. Ass't 
Chief,  Technical Information Office. Special Interest: Documentation 
01 s c i e n t i f i c  reports.  

*Weiss, Charles M., Ph.D., Hopkina, 1950: Biology. Ass't Chief ,  Sanitary 
Chemistry Branch. 

Animal Ecology Branch. Special Iotere8t8: Comparative and environ- 
mental physiology; biochemical evolution. 

*Wills, J. Henry, Ph.D., Rochester, 1940: Physiology. Chief, Pharmacology 
Branch. Special interests: Pharmacology of CW and therapeutic agents. 

Senior mi l i ta ry  personnel, arranged alphabetically.  are: 

*Elton, Norman W., Col, Medical Corps, Commanding Officer.  

t i i t t e s ,  Hyman H., Major, 011  C. 

Special Interest :  Aquatic biology. 

- *Wilber, Charles G., Ph.D., Johns Hopkins, 1942: Physiology. Chief ,  

M.D., Boston 
University, 1926. 

B.A., Chemis t ry ,  New York Univers i ty ,  1937. Flrst Chemical Of f i ce r s  
Special Orientat ion Course, 1950. Cl in ica l  Research Division. 

Univers i ty ,  1937; Command and General S ta f f  College, 1949. 

Service School. Technical Services Division. 

Ass't t o  Chief,  C l in i ca l  Research Division. 

Ficheau, Charles G., L t  Col ,  Cml C ,  Deputy. B.S., Chemistry, Ohio S ta t e  

Romanchek, Joseph J . ,  Major. Officers Associate Advance Medical Field 

Koss, Martin A., L t  Col,  E. 

Savage, Ledru It. ,  L t  C o l ,  Cml C, Executive Off icer .  M.S., Agriculture 

D.V.M., Ohio S ta t e  University,  1939. 
Pathology Branch. 

(Plant Pathology), New Mexico AUH College, 1933. 
Chemical Corps School, 1943. 

Advance Class 

Werne, Jacob, L t  Col,  Medical Corps. M.D., Baylor U n i v e r s i t y ,  1926. 

Wheeler, Harold II., It Col, Cml C, Deputy Program Planning. 
i s t r y ,  Fletcher Colleye, 1939. 4 t h  Advance Class ,  Chemical Corps 
School, 1949-1950. 1st S t ra teg ic  Intelligence Course, RID, 1945. 

B.S., Chem- 

Inclusion i n  the American Men of Science. 
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APPENDIX 2 

Representative Publications,  Chemical Corps 
Medical Laboratories, 1944-1954 

CHEIilcAL WARFARE SEMIS 

NERVE GASES. 

1. 

2. 

3. 

4. 

5. 

b .  

7. 

8. 

DFP , 

9 .  

9n. 

98. 

10. 

11. 

Biochemical detect ion of G-agent poisoning. 
D. B. DI11. KIR 146. 1946. 

Mydriatics in nerve gas poisoning. Seed, J .  C. IORU 50. 1951. 

Histochemical detection o f  f a t a l  ant ichol inesterase poisoning. 
Bergner, A. D. and S. H. Durlacher. WRR 59. 1951. 

Effec ts  and treatment of nerve gas poisoning. Grob, D. and A. 
M. Harvey. I#CR 18. 1953. 

conference on the neuromuscular blocking action of  anticholin- 
es te rase  compounds. iU..sR 27. 1953. 

Variation i n  red blood cel l  cholinesterase a c t i v h y  i n  personnel 
handling nerve gas. 
W. J. Wayne. KRR 174. 1953. 

Mechanism of action of DFP aodTEPP on the pa te l l a r  reflex.  
Beck, R. et a l .  Fed. Proc. 12596. 1953. 

The mechanism of action of ant ichol inesterase compounds. 
MNarnara, 8. P. WLSR 46. 1954. 

Zvirbl is ,  P. and 

DeArmon, I. A., T .  M. Frazier ,  W. J .  Ludlow, 

Myanesin i n  the treatment of poisoning by DFP. 
D. S t ab i l e ,  J. Wills, S. Kmp. H)R 222. 1949. 

Skin penetration of radioactive ant ichol inesterases  - a d i rec t  
quant i ta t ive  method of  study. 
A. S. Harrazzi. Fed. Proc. 8:m. 1949. 

D i s t r i b u t i o n  of radiophosphorus i n  rabbi t  tissues a f t e r  injection 
of  phosphorus-labelled DFP. 
J. Phann. Exptl. Therap. 98:77. 

Mechanism of respiratory f a i l u r e  following administration of DFP 
i n  dogs. Ortega, L. G. and Y. P. kShane. DRR 54. 1951. 

Mechanism of seizures induced by DFP. Bouzarth, 1. F. and H. E. 
Hlmuich. B U R  73. 1951. 

McNamara, B.P., 

Hart, E. R., J .  H. Fleisher,  

Jandorf, 8. J .  and P. D. McNmara. 
1950. 
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1 1 A .  The measurement of skin penetration by t h e  use of  rubcutaneous 
probe counter  i n  Conjunction w i t h  radioisotope labe l led  material. 
Gittes, H ,  R., E. R. Hart and A. S. lorrazei. Fed. Proc. 10:50. 
1951 a 

Some aspects of t h e  mechanism o f  resp i ra tory  f a i l u r e  i n  DFP 
poisoning in dogs. Berman, B. JdRR 182. 1953. 

Influence of dehydration on the  t o x i c i t y  t o  mice of DFP and KCN. 

14. Effect  of DFP on the  muscular contractionr produced by ATP. 
IcNamara, B. e. and Y. Quille. KER 158. 1953. 

nbrphologic a l t e r a t i o n s  i n  t h e  spinal  cord o f  c a t s  a f t e r  sub- 
acute exposure t o  DFP. Lindenberg, E. SLSS 235. 1954. 

Sow e f f e c t s  of DFP poisoning a t  the myoneural junc t ioa  i n  ra t s .  
Berman, B., M. Asbornsen, T. F. Young. M R B  268. 1954. 

12. 

13. 
EspoSitO, E. J. &RR 161. 1953. 

15, 

16. 

17. Study o i  the  react ion r a t e s  of various mines and r&la ted  corn- 
pounds w i t h  mustard for  decontamination purposes. Cornstock, 
C. C. and W. H. Edwards, Jr. WIR 153. 1948. 

Effectiveness of nitrogen mustards In  retarding the  growth of 
Sarcoma 180. Goldin, A - ,  B. Goldberg, L. G. Ortega, E. B. 
Schoenbach, R. Fugmann, F. Faiman. YIR 212. 1949. 

Some re la t ionships  of s t ruc tu re  t o  bfological a c t i v i t y  i n  t h e  
nitrogen mustards and re la ted  compounds. Goldin, A., H. A. b e ,  
6. H. Landing, E. Goldberg, R. A. Fugraann. 1949'. 

An attempt t o  produce anaphylactic phenoaeaa i n  guinea pigs 
w i t h  su lphur  mustard t r ea t ed  homologous plasma. 
E R R  212. 1954. 

Toxici ty  and an t igenic i ty  of hornlogous plasma t r ea t ed  w i t h  
sulphur mustard, and tox ic i ty  of cathode-irradiated plasma i n  
animals. 
K R R  2%'. 1954. 

18. 

19. 

Y)R 170. 

20. 
Albert, P. A. 

21. 

Freeman, G . ,  J. R. Trimble, B. S. Cohea, P. A. Albert. 

PHDSGENG. 

- .  

22. Besidual e f f e c t s  of phosgene poisoning i n  buman subjectr .  
Geldston, H., J. A. Luetscher, and W. T. Longcope. 
1945. 

KMl 49. 

23. Studies on the toxicology of phosgene. I E 11. Karel, L. and 
R. E. Weston. IOR 70, W)R 75. 1946. 
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PHOSPHDRUS COIPOUNDS. 

24. Quant i ta t ive  ana lys i s  of phosphoruswntaining compounds formed 
i n  W turns. Walker, J., J .  Wexler and 1. L. H i l l .  KM 37. 
1945. 

- . 
PAHATHION. 

INSEZXIC IDES 

25. Report of three new cases  o f  parathion poisoning. Wurick,  
V. A. and 0. Grob. K C R  5. 1952. 

26. C l in i ca l  data  on  organic phosphorus insec t ic ide  poisoning. 
Freeman, G. bLSR 16. 1952. 

Physiologica,l act ion of parathion in goats. Wilber, C. 6.  and 
A .  A. Morrison. l t R R  269. 1954. 

27. 

TEPP. 

28. Skele ta l  muscle fasc icu la t ion  produced by TEPP. ItNamara, B.P., 
E. F. Murtha, A ,  D. Bergner and L. J .  Edberg. ygll 273. 1954. 

m. 
29. Review of the biological  proper t ies  and in sec t i c ida l  applica- 

t i o n s  of  DDT. Phi l ips ,  F. S o  Y)R 13. 1944. 

Toxic e f f ec t  of  prolonged ingestion of ODT on dogs. 
W., A. Mo Ginzler,  6. L. Boyers, and R .  L. Ferguson. 
1946. 

Studies on the chronic tox ic i ty  of DDT in the  dog. 
B. P. McNamara and Fa H. Hopkins. nB 58. 1946. 

30. Haymaker, 
YWI 79. 

31. Bing, R. J . ,  

32. Studies  on t h e  pharmacology of  DDT. I, 11, and 111. Phi l ips ,  
F. S. and A, 2. Gilman, LDR 50, LDR 51, Y)B 52. 1945. 

MILITARY CHEMICALS 
. .  - 

ACEFYLENE. 

- S2A. Acetylene-induced vent r icu lar  f i b r i l l a t i o n .  Kunkel ,  A. U., 
A. H. Oikemus ,  B. P. &Namara, and J. H. Wills. 

Ventricular f i b r i l l a t i o n  induced by epinephrine during asphyxia. 
WcNamara, B, Pa,  E. A. Fine, and J ,  H. Wills. 

yRB 63. 1951. 

33. 
KRR 129. 1952. 
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ANILINE. 

34. T h e  inhalat ion tox ic i ty  of an i l ine ,  fur fury l  alcohol, and the i r  
mixtures i n  r a t s  and mice. 
KRR 139. 1952. 

ehronic tox ic i ty  of anil ine vapor by inhalat ion i n  dogs, r a t s ,  
mice and guinea pigs .  
Oberst. M R R  222. 1953. 

The penetration o f  an i l ine  through polyethylene f i lms proposed 
€or protect ive clothing. Gonn, L. W. and 8. 6.  Horton. HRR 
169. 1953. 

Comstock, C. C. and F. N. Oberst .  

35. 
Hackley, E. E., C. C. Cornstock and F. 1. 

36. 

37. L i t e ra tu re  survey on t h e  t ox ic i ty  of  boric  acid and sodium 
te t rabora te .  Kunkel, A. 1. MIS? 2. 1950. 

38. The cardiovascular e f f e c t s  of decaborane. Walton, R. P., J. A. 
Richardson and 0 .  J. Brodie. I U R  7. 1952. 

39. Decaborane inh ib i t ion  of u t i l i z a t i o n  of  glucose by livi,ng yeast 
cells. H i l l ,  D. L., et a l .  Fed. Proc. 12:217. 1953. 

40. T h e  median detectable  concentration of diborane, pentaborane, 
and decaborane by odor f o r  man. Cornstock, C. C. and F. W. Oberst. 
M.RR 206. 1953. 

Toxicity and pharmacology of t h e  boron hydrides.  
KLSR 15. 1953. 

41. Wills, J. H. 

42. Boron analysis  and tox ic i ty .  H i l l ,  W. H. and Svirbely, J. L. 
1953-1954. Reports on Contract DA 18-108-CR&-3910, 

Decaborane poisoning and its possible therapy. Cole, V. V. et 
a t .  Fed. Proc. 12:312, 1953. 

Toxicity and health hazards o f  boron hydrides. 
A.M.A. Arch. Indus t .  Hyg. & Occ. Wed. 0:335-337. 1953. 

43. 

44. Krackow, E. H. 

45. Qtant i ta t ive  determination of diborane i n  air. Feinsi lver ,  L. 
W I R  170. 1953. 

Inhalation tox ic i ty  of diborane i n  dogs, r a t s ,  and guinea pigs. 
Cornstock, C. C. , L. Feinsilver, L. H. Lawsoon, and F. W ,  Oberst. 
U R  258, 1954. 

The cardiovascular act ion of decaborane. 
Richardson and 0 .  J. Brodie. K C R  34. 1954. 

4b. 

47. Walton, R. P., J .  A. 
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48. Monochloromonobromomethane inhalation tox ic i ty ,  pathology, and 
symptomatology i n  r a t s  and mice. 
MacNamee, E. E, Ozburn, R .  W, Fogleman, and F. W. Oberst. 
113. 1952. 

Toxicity o f  inhaled trifluoromnobrommethane and difluorodi- 
bromomethane v a w r s  from subacute and chronic exwsures of r a t s  

Comstock, C. C., J. K .  
Y R R  

49. 

and dogs. Gomstock, C. C., J. Kerschner and F. W. Oberst. 
M A R  180. 1953. 

CARBON TETFiRGI1U)RIDE. 

50. Comparative inhalation t o x i c i t i e s  of carbon te t rachlor ide ,  mno- 
chloromonobromomethane, difluorodibromrmethane, and t r i f l uo ro -  
monobromomethane t o  rats and mice i n  t h e  presence of gasoline 
f i r e s .  Comstock, C. C. and F. W. Oberst. R U R  107. 1952. 

CHLOROPKR I N  a 

51. Microdetermination of chloropicrin vapor i n  a i r .  Feinsilver, L. 
and F. W. Oberst. Anal, Chem. 25:820-821. 1953. 

CHURINE TRIFLUORlDE. 

52. Report on chlorine t r i f l uo r ide .  Hazleton Laboratories Reports 
on Contract DA 18-108<;1L-4399. 1952, 1953. X E R  12, 1952. 
U R  22, 1953. 

CYANLDES. 

53. Residual les ions of the cent ra l  nervous system i n  cyanide- 
poisoned animals. 
C. L. Boyers and B. J .  Jandorf. WIR 39. 1945. 

54. Oral t ox ic i ty  of cyanogen chlor ide i n  water t o  rats. 
J .  L. and V. Bauer. WR 19. 1945. 

Ferguson, R. L., A. 1. Ginzler, 0 .  Bodansky, 

Leitch, 

55. Pathology of cyanogen chloride by inhalation. Ginzler,  A. Y., 
0 .  Bodansky, R. L. Ferguson, B. 3 .  Jandorf, C. L. Boyers. 
mR 34, 1945. 

Intravenous tox ic i ty  s tudies  on cyanogen chlor ide and sodium 
cyanide i n  dogs, goats, and rabbits.  P ra t t ,  H. J. and E. G. 
Horton. YDR 26. 1945. 

56. 

%A. Estimation of microquantities of cyanide. Epstein, J. Anal. 
Chem. 19~272.  1947. 
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ETHYLENE OXIDE. 

57. The acute tox ic i ty  of inhaled e thylene  oxide vapor. Hackley, 
E. B. and K.  H, Jacobson. IdBR 296. 1954. 

FIRE DXINGUISHANTS. 

58. An invest igat ion of t h e  t ox ic i ty  of proposed fire-extinguishing 
f lu ids .  Chambers, W. H., E. H. Krackow, C. C. Comstock, F. P. 
W r a t h ,  S. B. Goldberg, L. H. Lawson and J. K. HacNPmee. 
I16)RR 23. 1950. 

Method f o r  estimating tox ic i ty  l imitat ion on select ion of candi- 
d a t e  f ire-extinguishing f lu ids .  Krop, S. aSR 26. 1953. 

59. 

FLXIROKETATES. 

60. S p l i t t i n g  of fluoroacetate esters by plasma. YcNpmara, B. P., 
D. Stabi le ,  E. h r t h a  and J. H. Wills. lORR 2. 1950. 

FURFURYL ALcoI1oL. 

61. Pharmacology of fur fury l  alcohol. Fine,  E. A. and J .  H. Wills. 
WR 223, 1949. 

HYDRAZINE. 

62. Studies on the  pharmacology of hydrazine hydrate. 
E. A. F ine  and J .  H, Wills* M A R  83. 1951. 

Effect of  hydrazine on cat  papi l lary muscle. 
and J. H. Wills. I W R  227. 1953. 

Kunke l ,  A. M., 

63. Utrtha, E. F. 

64. The toxicology of  hydrazine - a review. Krop, S. lLsR 30. 
1953; A.M.A. Archives Indust. Hyg. & Occ. led. 9:199. 

Inhalation tox ic i ty  of hydrazine vapor. Comstock, C. C., L. H. 
Lawson, E. A. Greene and F. W. Oberst. 

The inhalat ion tox ic i ty  of methylated hydrazine derivatives.  
Jacobson, K O  He, H. J. Wheelwright, Jr . ,  Nathan b y e s  and J. H. 
Clem. K R R  292. 1954. 

1954. 

65. 
K.RR 253. 1954. 

66. 

67. Cardiovascular actions of hydrazine. Walton, R. P., J. A. 
Richardson and 0. J .  Brodie. l L C R  11. 1952. U R  33. 1954. 

HITJRAULIC FLUIDS AND OILS. 

68. Toxicity of ce r t a in  engine  o i l s ,  hydraulic f lu ids ,  and base o i l s  
f o r  compounding of both hydraulic f l u i d s  and engine o i l s .  
Blaisdel l ,  C. T. lcRR 256. 1954. 
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HYDROGEN PEROXIDE e 

69. Inhalation t o x i c i t y  of aerosols  o f  9 q  hydrogen peroxide. 
Pun te ,  C. L., L. 2. Saunders and E. H. Krackow. aRB 189. 1953. 

peroxide w i t h  progressive di lut ions.  Hrubetz, M. C., L. W. Conn, 
H. R. Gittes and J .  K. YacNamee. U R R  75. 1951. 

The  inhalat ion tox ic i ty  of 90% hydrogen peroxide f o r  acute, sub- 
acute, and chronic exposures t o  laboratory aniaals.  COmstock, 
C. C., E t h e l  8, Hackley and F. W. Oberst. U R  243. 1954. 

69A. T h e  cause of the increasing intravenous tox ic i ty  of hydrogen 

70. 

WHYMETYLENE, 

71. Report on methylacetylene. Hazleton Laboratories. U E R  24. 
1954. M C R  35, 1954. 

NITROGEN DIOXIDE, FUMING NITRIC ACID. 

. 

72 

73 m 

74 s 

75. 

Summary report  on t h e  t ox ic i ty  of the oxides from red fuming 
n i t r ic  acid,  
lDBR 52. 1951. 

The penetration of red fuming n i t r ic  acid throbgh fi lms proposed 
f o r  protect ive clothing, Conn, L. W. and J .  S. Wiles. 
1953. 

Acute inhalat ion tox ic i ty  of  nitrogen dioxide, red fuaing n i t r i c  
acid,  and w h i t e  fuming ni t r ic  acid. Gray, E. L., F. He Patton, 
and E. Kaplan. W R  282. 1954. 

Effect  of chronic exposure t o  l o w  concentrations of  vapors from 
red fuming ni t r ic  acid. 
1954. 

Gray, E. Lo ,  J .  K. UscNamee and S. B. Goldberg. 
/ 

YBR 211. 

Gray, E. L. and F. Y. Patton. E R R  272. 

PROPELLANT FUELS AND OXIDIZERS. 

76. Inhalation t o x i c i t y  of combustion products of perchlorate fuel 
propel lants* 
and F. W, Oberst. W)RR 20. 1950. 

Feinsi lver ,  L., J .  K .  IlecNamee, F. P. W r a t h ,  

77. Toxicity and heal th  hazards of  rocket propellants.  Krop, S. 

78. Toxici ty  of propellant f u e l s  and oxidizers.  Krop, S. YSR 43. 

Jet Propl. 24:223-227. 1954. 

1954, 

TEl'RANITRObETHANE. 

79. Tetranitromethane: chronic inhalat ion tox ic i ty .  Hazleton Labo- 
r a to r i e s ,  lLCR 20. 1953. 
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80. Report on tetranitromethane. Hazleton Laboratories. I C R  13. 
1953. 

PROTECTION KAINST T O X I C  CHEMICAL3 

PROTECTIVE CLOTHING. 

81. Effect of E - 2  impregnated permeable protect ive clothing on body 
temperature o f  troops. D u d e ,  P. R .  and J. L. Whittenberger. 
WR 47. 1946. 

Ventilation requirements of an impermeable protect ive suit. 
Craig, t ; .  N. BDRR 5. 1950. 

Heat balance of man wearing protect ive clothing. Craig, r .  N., 
H. Frankel and W. V. Blevins .  U R  132. 1952. 

Influence of physical propert ies  of f ab r i c s  on t h e  physiological 
ef tects  of impermeable, semi-permeable, and permeable protect ive 
clothing. 
B l e v i n s ,  F. N. Craig. LkRR 188. 1953. 

Physiological e f f e c t s  of permeable impregnated c lo th ing  on 
troops performing routine dut ies  i n  t rop ica l  conditiods. 
Clanton, B. R .  &LRR 167. 1Y53. 

Influence of design on the  physiological e f f e c t s  of wesring 
semi-permeable protect ive clothing. Frankel, H. M., W. V. 
Blevins ,  H. W. Garren, and F. N. Craig. l L B R  226. 1953. 

82. 

83. 

84. 

Garren, 11. W., H. M. Drupieski ,  H. Frankel, Is. V. 

85. 

86. 

GAS MSKS. 

87. 6 a s  mask dis infect ion.  Byrne, A. F., C. W. Hamraond and C. E. 
Wilson. Y)R 64. 1946. 

Study of quaternary ammonium s a l t s  as gas mask disinfectants .  
Wilson, C. E. and J. S. Wiles. WR 206. 1949. 

Some recent tests of t h e  voice-transmitting cspacity of several  
non-diaphragm type gas masks. 
MRR 46, 1951. 

Continuous nitrogen analysis i n  t h e  measurement of gas mask 
leakage and the rate of e l in ina t ion  of nitrogen from t h e  body. 
Blevins ,  W. V o ,  F. N. Craig, H. Frankel, H. Garren. ILBB 216. 
1953. 

88. 

89. 
Marzulli, F. N. and0 .  B. Cope. 

90. 

DECOMAMINATION OF FOOD Aw MATER. 

91. Detection of organic f luor ine  compounds i n  wster. Goldman, I. S. 
and Y. C. Flannery. Id)R 6. 1944. 

54 

Case4:09-cv-00037-CW   Document158-2    Filed10/06/10   Page60 of 71



- -  . -  

. -  

TREATEM FOH EXPOSURE TO TOXIC CHEMICALS 

ATBOP INE , 

92. T h e  influence o f  atrooine and scopolamine on the cent ra l  e f f e c t s  
o f  DFP. 
YDR 125. 1947, 

Wescoe, W. G;, R .  E. Green, B. P. blcNamara and S. Krop. 

93. T h e  e f f ec t  of TEPP and atropine on t h e  i n d u c t i o n  of ventr icular  
f i b r i l l a t i o n  by epinephrine.  
J. H. Wills-  KIR 224. 1949. 

HeNamara, B., D. Stabi le  and 

93A. 

94. 

94A. 

95. 

96. 

97. 

98. 

98A. 

99. 

100. 

101. 

102. 

Cholinergic sens i t i v i ty  i n  an afferent  cerebral  system. Marrazzi, 
A.  S. and E. R. Hart, Fed. Proc. 9 ~ 8 5 .  1950. 

Subjective and object ive study of healthy males injected in t r a -  
muscularly w i t h  1, 2, and 3 mg. atropine su l fa te .  I larzull i ,  
F. N. and 0 .  B.  Cope. WRR 24. 1950. 

Further analysis o f  t he  actions of DFP and curare on t h e  respira- 
t o r y  center.  Krivoy, W. A.,  E. R. Hart and A. S. l s r r azz i .  J. 
Pharm. E Exp. Therap. 103:351. 

Combined e f f e c t s  of atropine, work and heat on hePr t  r a t e  and 
sweat production i n  man, 
Bul l is ,  E. J. Esposito and R. L. Riley. 

Evaluation o f  intramuscular self- inject ion of 2 q. atropine. 
Gordon, A. S. KSR 10. 

Evaluation of u n i t s  for atropine self- inject ion.  Gordon, A. S. 
ILSR 13, 1952. 

Effect of hyaluronidase on atropine absorption. Harris, C. m d  
B. S. Cohen. hLRR 123. 1952. 

1951. 

Craig, F. N., W. V. Blevins ,  A. L. 
hLRR 92. 1951. 

1952. 

Cholinergic blocking agents. 
21:68. 1953. 

Marrazzi, A. S. b d e r n  Medicine 

Physiological e f f e c t s  of atropine and potent ia l  atropine sub- 
stitutes. Robinson, Sid. VllCR 15. 1953. 

Atropine injection units: s tudies  of comparative performance 
w i t h  ace and ampin. Gordon, A. S. and M. H. Kalser. 
1953. 

hasurement o f  atropine-induced vascular pooling. 
M. H. Kalser, C ,  W, Frye and A. S. Gordon. 

Physiological tes ts  as an index o f  atropine absorption. 
C. W., R. D. Miller and A. S. Gordon. 

Ibl;B 17. 

Hiller, R.D., 
U-CE 25. 1954. 

Frye, 
26. 1954. 
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103. Progress i n  the search f o r  new atropine substitutes and adjuncts 
t o  atropine i n  the treatment of ant ichol inesterase poisoning. 
W i l l s ,  J .  H a  &SI 42. 1954. 

ARTIFICIAL RESklRArION. 

104. 

105. 

106. 

107. 

108. 

105. 

110. 

A new f i e l d  resusc i ta tor .  
76. 1951. 

Manual a r t i f i c i a l  respirat ion.  D i l l ,  D. B., J .  H. Comroe, A.S. 
Gordon, P. V. Karpovitch, J .  L. Uhittenberger. hLRR 79. 1951. 

Manual a r t i f i c i a l  resp i ra t ion  i n  rats and guinea pigs. 
H. E., P. V. Karpovitch and D. 8. D i l l .  

Conference on a r t i f i c i a l  respirat ion.  
1952; &SR 19 and WLSR 2f3, 1953. 

Oxygen therapy. D i l l ,  D. B. and C. G. Wilber. ILSR 29. 1953. 

Conference on mechanical a r t i f i c i a l  respirat ion.  
1954. 

Standard army equipment f o r  mass resusc i ta t ion  and a r t i f i c i a l  
resp i ra t ion  of the c r i t i c a l l y  injured. Gordon, A. S. and C. W. 
Frye. B U R  9. 1952. 

Johns, R. J. and D. Y. Cooper. KFR 

%ann, 
W E R  105. 1952. 

nOSR 5, 1951;. %SA 9, 

bL,SR 38. 

GENERAL THERAPY. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

Evaluation of a lka l ine  therapy i n  HP burns. Wexler, J., J. 
Lalker, and A. M. Ginzler. hDR 25. 1945. 

Treatment of acute systemic cadmiun intoxicat ion w i t h  thio-  
sorb i to l  and BAL-glucoside. Gilman, A. and E. S. Koelle. 
MR 73. 1936. 

Coating fo r  the protection of  skin against heat. Constock, 
C.  C. and W, F. Kama. MIR 95, 101. 1946. 

Treatment of acute poisoning produced by gama hexachloro- 
cyclohexane, McNamara, B. P. and S. Krop. IDR 126. 1947. 

Trasentine E1 and t r a sen t ine  methiodide a s  ant idotes  i n  poison- 
ing  produced by anticholi nesterase agents., McNamara, B. P., 
D. S t ab i l e  and J. H. Wills. H l R  225. 1949. 

Conference on treatment of CN casua l t ies  w i t h  acute lung i n j u r y .  
Technical Information Office. RIR 236. 1950. 

Treatment of sodium f luoroacetate  ooimnina i n  doas and rabbi ts .  

. 

- +  

Mirtha, E. F., B. P. kNamara, D. E. Stab i i e  and j. H. Rills. 
R R R  22. 1950. 
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1lM. F i e l d  t e s t  on the ampin vs. the  syrette f o r  use i n  military 
animals. Yost, D. H. ERR 166. 1953. 

119. Alginate as  a potent ia l  decontaminating and therapeut ic  material 
against mustard burns. 
U R  238. 1954. 

Trimble, J .  B .  and U. P. &Shone. 

BAL. 

120. 

121. 

122. 

123. 

124. 

WSARD. 

125. 

126. 

127. 

128. 

129. 

130. 

Therapeutic e f f ec t  of BAL ointment on the eyes of rabbits con- 
taminated w i t h  l iqu id  mustard. Laughlin, R. C. I O R  12. 1944. 

Effect of BAL on systemic cadmium poisoning. Gilman, A. 2. 
and E. S. Koelle. IDR 57. 1945. 

Coating of tubes of eye ointment, BAL, fo r  use i n  protective 
ointment  k i t ,  E A l .  Kondritzer, A. A. and P. Z v i r b l i s .  W R  
117. 1952. 

Penetration of  BAL in to  the aqueous humor of t h e  eye. 
C., B. S. Bohen and G. Cole. lLRR 210. 1953. 

BAL and t r i p t i d e  i n  poisoning by mercuric chloride or napharsen. 
Wills, J ,  H. i L R R  244. 1954. 

Harris, 

Testing of azulene fo r  t h e  treatment of suifur-austard les ions 
of the rabbi t  eye. Imbody, J. E. Y B R  156. 1953. 

The use of cort isone i n  t h e  treatment of sulfur-mustard les ions 
of t h e  rabbi t  eye. ltaA 239. 
1954. 

Imbody, J. E. andD. J .  Guillet. 

XWNI BALLISTICS BODY daMB 

Effect on a non-perforating missile on t h e  animal body protected 
by nylon armor. 
1949. 

Effect o f  a non-perforating p r o j e c t i l e  on the animal body pro- 
tec ted  by steel armor. Ti l le t t ,  C. H., C. Y. Herget and 1. 6.  
Banfield. lyDR 228. 1949. 

Wound b a l l i s t i c s  of the .30 cal.  KL r i f l e  ba l l .  
J .  llDRR 32, 1952 and M A R  106, 1950. 

Mechanism of thoracic  i n j u r y  under r i g i d  armor. 
C. PI. Herget, W. G. Banfield. lLRR 93. 1951. 

T i l l e t t ,  C. U. and C. YI. Herget. IOR 206. 

Dziemian, A. 

T i l l e t t ,  G. W., 
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131. Steel  armor protection of the animal head against nonpenetra- 
t i n g  missile. Coe, G. B,, to 1. Herget, J. K.  WeNantee. 
RRR 98. ,1952, 

CONTRIBUTIONS TO BASK S[;IENCE 

132. Contributions of medical research in chemical warfare to,medi- 
cine. Bodansky, D. Science 102~517-521. 1945. 

Acad. Sci. 1946~549-558. 1946. 

W.,  YDR 204; Bergner, A, D o ,  fElR 211; Goldberg, B., YIR 210. 
1949. 

133. Effect of drugs on nerve ac t iv i ty .  Gilaan, A. APO. o f  N. Y. 

134. Studies on  colchicine derivatives; I, 11, and 111. Fleiscbmann, 

135. Control of experimental pneumonia w i t h  penici l l in ,  Wilson, 

136. 

137. ledical  problems in chemical warfare. b o d ,  J. R. J. Am. 

138. Effect of pyrfbenzamine o n  experimental nephritis. Hackel, 
D. B. and W. W. Winternitz, hDRR 30. 1950. 

139. The iD50 o f  colchicine, DFP, intocostrin and E N  for  mice. 
Streicher,  E. Y)RR 53, 1951. 

King. J .  Pharmaeol. & Exp. Therap. 101:25. 1951. 

140. The l i m i t i n g  e f fec t  of adrenaline on the output of t h e  adrenal 
medulla, King, E. E. and A. S. Marrazzi. a R R  130. 1952. 

Cl inical  data o n  organic phosphorus insect ic ide poisoning. 
Freeman, G. CSR 16. 1952. 

Cholinergic excitation and adrenergic inhibit ion common t o  
peripheral and central  synapses, 
Milbank llemorial Fund) i n  T h e  Biology of Mental Health and 
Disease," Hozber-Harper , 1952. 

Pharmacology o f  the nervous system. 
Hart. Prog. Neur. & Psychiatry VIII:69-88. 1953. 

143. The significance of t h e  tentorium i n  mechanical head trauma. 
Lindenberg, R. and E. Freytag. Report on Contract DA 18-108- 
C I L  3477. KCR 16. 1953, 

C. E. and E. A. Bliss, 1DR 42, 85, 87. 1945546. 

Uses and hazards of the organic phovphate anticholinesterase 
compounds. Grob, D. Ann. I n t .  Wed, 32: 1229-1234. 1950. 

Med. Ass'n 144:606-609. 1950. 

139A. Cerebral curarization, Marrazzi, A. S., E. R. Hart and E. E. 

141. 

141A. 
(27th annual conference of 

142. Marrazzi, A. S. and E. R. 

I '  

I C  

I :  
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144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

15% 

1528. 

153. 

154. 

155. 

156. 

157. 

bnomolecular films of brain substance. Currie, 8. T. and 
A. S. Marrazzi. Fed. Proc, 1230. 1953. 

Biochemically induced c i rc l ing  behavior. 
L. Hampson and H. E. Hinnuich. Coat. Neurol. 13:2. 1953. 

Cerebral action of amines and quaternary ammonium sa l t s .  
E. R. and A. S. Marrazzi. Fed. Proc. 12329. 1953. 

Some indications of cerebral humoral mechanisms. 
A. S. Science ll3:367-370. 1953. 

Essig,  C. F., John 

Hart, 

Narrazzf, 

Cholinergic blocking agents. Yarrazzi, A. S. h d .  Wd. 21:68. 
1953. 

Comparison of the e f f ec t s  on evoked cor t ica l  synaptic response 
o f  mescaline, amphetamine and adrenaline. Marrazzi, A. S. and 
E. R. Hart. E& G C l i n .  Neurophysiol. 5:317. 1953. 

Relation of anoxia to  bronchoconstriction. 
C. W. Bender and 3. H. Wills. YLRR 152. 1953. 

Excretion of diazotizable metabolites i n  man a f t e r  an i l ine  ex- 
posure. H i l l ,  D. L. A,U.A. Archives Ind. Hyg. and Occ. k d .  

I n h i b i t i o n  of phrenic respiratory potent ia ls  by adrenaline and 
other sympathomimetic amines. 
A. S. Borrazzi. Fed, Proc. 12:337. 1953. 

Ganglionic and central  transmission. Ysrrazzi, A. S. Pharaa- 
col. Rev. 6:105. 1954. 

Pharmacology of the nervous system. b r r a z z i ,  A. S., E. R. 
Hart, H. H. Pennes and S. M. Peacock. Ch. 5, Prog. Neur. & 
Psychiatry LX:74-106. 1954. 

Effects o f  extreme cold on  the pigeon. Streicher,  E., D. B. 
Hackel, and W. Fleischmann. LDR 217. 1949. 

The locus of deposition of dye aerosol i n  lungs o f  rabbits.  
Elson, N. and F. Ferguson. 1 D R  197, 1949. 

Biochemical and physiological data on the normal goat. 
A. J .  and J .  Walker, B R R  31. 1950. 

Protein permeability through t h i n  organic layers. 
H. J .  Science 111:l-4. 1950. 

Toxicology of f i r e .  Zapp, J. A. Y)SR 4. 1951. 

&Namara, B.P., 

8: 347-349. 1953. 

Krivoy, 1. A., E. R. Hart and 

Dziedan, 

T r u r n i t ,  
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158. Physiological, biochemical and pathological response of goats  
t o  severe flame burns.  Walker, J. and A. J. Dziemian. N R R  
68. ' 1951. 

159. Influence o f  hyaluronidase on the reaction o f  t h e  cornea t o  
burns produced-by lewisite. 
lyRtl 125. 1952. 

Harris,  d. and B. S. Cohen. 

160. Column method f o r  t h e  determination of selectivity coef f ic ien ts  
f o r  ion exchange resins. MCR 4 (Harvard College; Contract DA 
18-108€M..-2940). 1952. 

161. Some biochemical responses of  t h e  white r a t  t o  thermal stress. 
Campbell, G. L. Anat. Rec. 117:589. 1953. 

Voluntary tolerance time as  an index of s t r a i n  of m a n  under 
heat s t r e s s .  Garren, H, W. and F. N. Craig. Fed. Proc. 12:48. 
1953. 

162. 

163. Biochemical responses of t h e  dog t o  hypothermia. Robinson, 

164. 

P. F. Anat. Record 117~589. 1953. 

Some nuclearly subs t i tu ted  catechols and their acid disso'cia- 
t i o n  constants.  Rosenblatt,  D. H., 3.  Eps te in  and M. Levi tch .  
J. h e r .  Chem. Soc. 75~3277. 1953. 

Serine phosphoric acid from diisopropyl-phosphoryl chymotrypsin. 
Schaffer, N. K., S. C. Hay, Jr., and W. H. Sumerson. J. B i o l .  
Chem. 202: 67-76, 1953. 

165. 

* * * * . *  
166. Reaction o f 6 ,  J3-dibromo acid esters w i t h  benzylamine. Stolberg,  

1. A., J .  J. O ' N e i l l  and T. Wagner-Jauregg. J. Amer. Chem. 
Soc. 75:5045-5047. 1953. 

167. Studies of enzyme systems a t  a sol id- l iquid interface.  T r u r n i t ,  
H. J. Arch. Biochem. E Biophysics. 47:251. 1953. 

Wdel react ions o f  phosphorus containing enzyme inact ivators .  
111. 

168. 
Wagner-Jauregg, T. and 8. E. Hackley, Jr. 

168A. Wdels fo r  fluorophosphatase reaction. Wagner-Jauregg, T., 

J. Amer. Chem. 
Soc. 75: 2125-2130. 1953. 

B. E. Hackley, J r ,  et a l .  

A nitrogen-to-oxygen phosphoryl migration: preparation o f  d l -  
serinephosphoric and threoninephosphoric acid. Plapinger, R. 
E. and T. Wagner-Jauregg. 
1953. 

Fed. Proc. 12: No. 1, Merch 1953. 

1686. 

J, Amer. Chem. Soc. 75:5757-5758. 

1%. kde l l r eak t ionen  phosphorhaltiger Enzym-Inaktivatoren. Nagner- 
J au regg , T. Arzneimi t t  e l  -Fo rschung 4: 527-531. 1954. 

. .  
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169. 

170. A biosynthesis o f  C14 label led glycogen. Hassett,  C. C., 

171. Studies on  d ia lkyl f luorophosphatase .  Ghanutin, A. and L. A. 

172. Syneroistic e f f e c t s  of aerosols: Dart iculates  a s  c a r r i e r s  o f  

Effects  of  d ie thyl -p-n i t rophenyl  thiophosphate on goats. 
Wilber, C. 6, and R .  A. ?&orrison. Fed. Proc. 12:156. 1953. 

W. H. Summerson and F. Solomon. L R R  224. 1953. 

Fdounter. M C R  19. 1953. 

toxic-vapors, 
NLRR 187. 1953. 

LaBelle, C. W., J. E. Long and E. E. th r i s tofano .  

173. Factors in f luenc ing  responses t o  cold. Stone, C. and E. Loew. 

174. D ie l ec t r i c  propert ies  o f  co l io ids l  dispersions. Thacher, H. C. 
and D. B. Dorain. Report on Contract DA 18-1oB4llL-3518. 
U R  29. 1954. 

M.SR 37. 1954. 

175. Permeation of mechanical ba r r i e r s  by chemical agents. Higuchi, 

176. Lipids i n  the t i s sues  of a r c t i c  animals. Wilber, C. 6. lcSR 

T. Report on Contract DA 18-108-CIL-2576. M Z R  32. 1954. 

39. 1954. 

177. Ef fec ts  of exercise  and heat on breath-holding time. Cain, 
S. 8. WRR 262. 1954. 

. + * + + *  

178. Rearing of the blowfly on a s ter i le  synthetic medium. 
D. L., L. E. Chadwick and V. A. Bell. 1946. 

H i l l ,  
M I R  91. 

179. Laboratory method of rearing chiggers affect ing man. Jenk ins ,  

180. Chemoreception i n  insects; a review. Dcthier, V. 6 .  and L. E. 

181. The locus of action of MIT i n  f l i e s .  Bodenstein, D. W)R 32. 

Dale, K l R  104. 1947. 

Chadwick. H)R 131. 1948. 

1945. 

Stimulating e f f ec t  of glycols  and the i r  polymers on t a r s a l  re- 
ceptors of blowflies. 
Y)R 138. 1948. 

Analysis of ce r t a in  fac tors  which influence the results of  
miticide tests. 
1946, 

182. 
Dethier, v. G. and L. E. Chadwick. 

183. 
Snyder, F. 111. and L. E. Chadwick. K I R  93. 
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184. Comuarison of the  n u t r i t i v e  values and t a s t e  threshoIds of 
carbohydrates f o r  t he  blowfly, 
YDRR 25. 1950, 

Hassett,  C. C. and V. 6 .  Dethier. 

185. Ef fec ts  of beta  rad ia t ion  on nucleic acid synthesis i n  larvae 
of  drosophila melanogaster. P i r r u n g ,  J. M. and G. C. Hassett. 
MIRR 3, 1950. 

186. Determining mosquito f l i g h t  range w i t h  radioisotopes.  Jenkins,  
Dale. WRR 26. 1950, 

187. The cytochrome C oxidase of  the house f ly .  Sacktor, E. B U R  
69. 1951. 

188. Some aspects of resp i ra tory  metabolism during metamorphosis of 
normal and IKJT r e s i s t a n t  houseflies.  Sacktor, B. YORR 57. 
1951 

169. Evaluation o f  mit ic ides  and mit ic ide- tes t ing procedures. Snyder, 
F, M. and L. E. Chadwick. MIRR 55. 1951. 

Dispersal  and f l i g h t  range of subarct ic  mosquitoes marked w i t h  
radiophosphorus. Jenkins, D. and C. C. Hassett. kDRR 44. 
1951. 

A S l y  Factor” i n  a t t r a c t a n t  s tudies .  
E. Chadwick. U R  127, 1952, 

Fiss ion products fo r  insect  control ,  
Jenkins. WRR 149. 1952. 

Invest igat ions on  the  mitochondria of houseflies.  Sacktor, B. 
DLRR 128, 208. 1952, 1953. 

190. 

191. Barnhart, C. S. and L. 

192. Hassett ,  C. C. and D o  

193. 

194. U t i l i za t ion  of cholesterol  der iva t ives  by t h e  cockroach. Noland, 
J. L, M A R  192. 1953. 

195. Repellants and t a r s a l  chemoreceptors. Dethier,  V. 6.  et a l .  
Progress Report, May 30. Contract DA 18-108CIL-%01. 1953. 

Studies  on the  humoral mechanisms i n  growth and metamorphosis 
o f  the  cockroach, Bodenstein, D, I, 11, 111. 3. Exp. zOol* 

Effect of various suspension media on the  a c t i v i t y  of  cholin- 
e s t e ra se  from f l i e s ,  Chadwick, L. E. e t  a l .  Biol. B u l l .  
104:323, 19f13~ 

Action of some a l i p h a t i c  thiocyanates against  WT-resistant 
s t r a i n s  of t he  house f l y .  Gustafson, C. e t  a l .  
Entomol, 46.620. 1953. 

196, 

123: 189-232, 413-433; 124: 105-115. 1953. 

197. 

198. 
J. Econ. 

: c  

r :  . .  
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199. 

200. 

201. 

202. 

203. 

204 

205. 

206. 

201 * 

208, 

209 * 

210. 

211. 

212. 

213. 

Dephosphorylation of adenosine triphosphate by tissues of  t he  
American cockroach. Sacktor, 8. B i o l .  B u l l .  105:166-173. 
1953. 

Oxidative enzymes i n  house f l y  mitochondria. 
Fed. Proc. 12~122,  1953, 

Behavior of  f l i e s  towards sucrose and glucose. 
Sept. 1. Contract DA 18-108CllL-2501. 1953. 

Olfactory responses of  blowflies t o  a l ipha t i c  aldehydes. 
Progress Reprt ,  Nov. 30. Contract DA 18-108CC-2501. 1953. 

I n h i b i t i o n  of cholesterol  u t i l i z a t i o n  i n  the cockroach. 
b l a n d ,  J. Lo YLRR 266. 1954. 

Physiology and pharmacology of the insect  nervous system. 
Roeder, K. D. et a l .  Progress reports  larch 1953 - J a n  1954. 
Contract DA 18-108CLL-570. 1954. 

R e l a t i o n s h i p  between pH and the ac t iv i ty  of cholinesterase 
from flies. 
LLRR 181. 1953, 

Effect o f  various suspension media on the  act ivi ty  of cholin- 
es te rase  from f l i e s .  
Egner. M A R  159, 1953. 

Effect  of  temperature on the ac t iv i ty  of f l y  head cholinesterase.  
Chadwick, L. E., J. B, Lovell, . & R R  176. 1953. 

Insect physiology. 
1953, 

Sacktor, B. 

Progress Report, 

Chadwick, L. E., J, B. Lovell and V. E. Egner. 

Chadwick, L. E., J. B. Lovell, V. E. 

Edi t ed  by K. D. Roeder. John Wiley E Sons, 

* * * * + *  
A comparison of methods f o r  the determination of small amounts 
of chloride,  Sober, H, A., F. P. U r a t h  and J. Epstein. 
bfIR 43. 1945. 

Alcohol-water mixture as a medium f o r  t h e  micro-potentiometric 
determination o f  chloride ion w i t h  silver n i t r a t e .  
J. WR 44, 1545. 

An apparatus f o r  determining retained dose of inhaled tox ic  
gases. Weston, R .  E. and J .  81. Tobias. M)R 23. 1945. 

An electrometric method f o r  t h e  determination of red blood 
c e l l  and plasma chol inesterase ac t iv i ty .  Ylichel, H. 0 .  1 ) R  
183. 1949. 

Preparation of tissues fo r  e lectron microscopy. 
and A. D. Bergner. KIR 209. 1949. 

Eps te in ,  

Vanamee, P. 
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214, Microdetermination of chloropicrin.  Feinsi lver ,  L, and F. 1. 
Oberst. M.RR 62. 1951. 

215. Development of a small probe-type counter f o r  detection o f j -  
par t i c l e s .  
U R  6. 1952, 

Foudriat, E. C,, A, 3 .  Ness and D, T. Williams. 

216. Apparatus f o r  control led d ispers ion  of vapors from red fuming 
n i t r i c  acid.  Goldberg, S o  8. 140, 1952. 

A simple micro method f o r  determining red blood c e l l  cholin- 
es te rase  a c t i v i t y  i n  humans, Marzulli, F. N. and P. F.  
Robinson, M R R  126, 1952. 

217. 

218. Colorimetric analysis of  t r i p h e n y l  phosphate. Conaway, 1. A. 
U R  97, 1952, 

219. A method for  continuous determination of some chlorinated hydro- 
carbons i n  a i r  by the Northrop Automatic T i t r a to r .  
Lo and F. P ,  W r a t h ,  WRR 91. 1951. 

A capi l la ry  technique f o r  the determination o f  cholinesterase 
ac t iv i ty  i n  red blood c e l l s  and plasma, 
J. To Fales. B U R  203. 1953, 

morphology of the motor end-p la te  subjected t o  the i n f l u e k e  
o f  neurotoxic drugsa Harris,  C,, A. D. Bergner and C. L. 
Smith. M E R  230. 1953. 

An apparatus f o r  quant i ta t ive  measurements of inspiratory and 
expiratory a i r ,  
1953, 

An e l e c t r o l y t i c  method fo r  the determination of enzyme act ivi ty .  
Einsel, D ,  W,, H. J, T r u r n i t  and So Do Silver .  MRR 295. 1954. 

Chelation method fo r  the determination o f  magnesium and of 
magnesium plus calcium in plasma and serum. 

Feinsi lver ,  

220. 
Stubbs, J. L. and 

221. 

222. 
Saunders, J. 'P, and R.  W. Fogleman, ldRR 179. 

223, 

224. 
Ingram, R. R., Jr. 

IdRR 27b. 1953. 

225. Conference on psyehologfeal aspects of  disasters .  WIR 237. 

226. B i o l o g i s t s  i n  mi l i ta ry  service. D i l l ,  0 ,  Ba Science 111: 

1950. 

b75-6760 1950. 

227. 

228, Conference on f i e l d  s tud ies  o f  reactions t o  d isas te rs ,  Con- 

Powell, J ,  Y. and J. Raper .  
)8-108<%-632; Disaster  Investigation. &CR 10. 1952, 

Progress notes on Contract DA 

t r a c t  DA 18-108KlL-2275, Jan 1953. 204 pages. 
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229. Study on the hea l th  o f  laboratory animals. 
Report on Contract DA 18-108CnL-3963. 

Animal Ecology Branch, past  and present problems; future plans.  
Gray, E .  LeB. KSR 44. 1954. 

S lanetz ,  C. A. 
Sept 1953. 

230. 

.- 
e . 
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