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The Seventh Annual Report o f the Chemical Corps 
Biological Laboratories was written primarily fo r  the 
purpose of presenting the status of various end-items 
under development at this installation* The reviews 
in  this report-are arranged according to major f ie ld :  
agents fo r man, animals, and- crops; protection; and 
dissemination. In addition, a b r ie f  discussion is  
presented of some of the more important areas of sup­
porting research. The report a lso  contains a conden­
sed review of the administrative activ ities during 
the f is c a l year, such as organizational changes, f i s ­
ca l matters, construction, and personnel.

Among the major accomplishments during FT 1953 
has been the adoption as standard-type of two anticrop- 
agents, butyl 2,4-dichlor.ophencocyacetate (LNA) and 2,4, 
5-triehlorophenoxyac etate (LNB), and one munition fo r  
dissemination of wheat rust spores carried on feathers 
(the 1CL15 bomb). Design c r ite r ia  and guidance have been 
furnished the USAF in  the development of an anticrop 
bomb bay spray tank. Assistance was also furnished in  
testing and evaluating it s  performance. Several other 
items under development are approaching the stage where 
consideration soon w i l l  be given to their adoption as- 
standard—types. These- include: ( l )  Bacillus anthracis.
( 2) Caxiella burnetii. (3 ) a toxoid fo r  Clostridium  
botulinum. type A, (4 ) a new vaccine fo r  rinderpest,
(5 ) stemrust of rye, ( 6) an ampoule containing ethyl­
ene oxide, (7 ) a BW detection k it ,  ( 8) the E6l  bomb,
(9 ) the E86 bomb, (10) the E99 bembj (11) the £4 marine 
mine, (12) the XB14B submarine mine, and (13) the E77 
bomb.

LEROT
Direc
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SECT aw  H -  TECHNICAL STATUS

A . ANTIPERSONNEL AGENTS



TABIZ I .  DEVELOPMENTAL STATUS OF BW ANTIPERSONNEL AGENTS

Screening

Malleomyces mallei 

Malleomyces pseudomallei 

Mycobacterium tuberculosis 

Corynebacterium diphtherias 

Enteric pathogens 

Rickettsia prowazekl 

Rabies virus 

Poliomyelitis virus

Laboratory Phase

Pasteurella pestis 

Psittacosis virus 

Bacterium tularense

Pilot Plant Phase

Bacillus anthracis

(Bacterium tularense ) * *

Venezuelan equine 
enc ephalomyelitis 
virus

Brucella melitensls 

Botulinum toxin, type A

Standard Types

Brucella suis (AB1) 

Coxiella burnetii *

Smallpox virus 

Coccidioides ian itis  

Histoplasma capsulaturn 

Nocardia asteroides

*  Adoption under review by the Chemical Corps Technical Committee
**In transition from laboratory to Pilot Plant
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1. BACILU3S~ANTHRACLS (M)

a. HISTORICAL

Extensive laboratory research and p ilo t plant development were carried 
on during lo r  Id Tar I I ,  which led to the design and construction o f a large- 
scale production plant for this agent at Vigo, Indiana. This plant had been 
test-run with a simulant, Bacillus g lo b ig ii (BG), and was preparing for pro­
duction of Bacillus anthracis when the war terminated. During the postwar 
period, p ractically  a l l  development e ffo rt on the offensive aspects of this 
agent ceased, and the small e ffort that was expended was primarily for the 
development o f an effective vaccine for use in man. This low degree of 
e ffo rt  on N was in accord with program guidance, e .g . ,  N was seventh in  
order in the p rio rity  l i s t  for development of antipersonnel agents prepared 
by the Joint Chiefs of S ta ff (September 1951), »nd major emphasis was di­
rected to the f i r s t  five items. There has been a recent renewal of interest 
in N fo r  a number of reasons including the revision in service emphasis from 
deb ilitating  to lethal antipersonnel agents and a reappraisal of the ET po­
ten tia lit ie s  of N because o f (1 ) successful t r ia ls  at sea in OPERATION HAR­
NESS, (2 ) demonstration o f the narked‘ influence o f partic le  size on the 
number of spores required to infect, and ( 3) observation that antibiotic 
therapy following aerosol exposure to N was e ffective  only as long as tr^A >  
rnent continued, i . e . ,  death was delayed but not prevented. Since A p ril 1^3  
the development of a liqu id  suspension of N has been proceeding under an 
overriding p rio rity  by direction of the Chief Chemical O fficer, in order tha 
the development testing of a 750-lb. cluster of E6l  bombs f i l le d  with this 
agent may be completed by 1  March 1951; and a service-tested agent-munition 
combination be available by 1 July 195U.

b. LABORATORY DEVELOPMENT

During Tar Id Tar I I  several media were developed. The f i r s t  which 
received extensive study was based primarily on corn steep liquor. This 
was found to have several deficiencies, among them* ( 1 ) the commercially 
available corn steep liquor was quite variable in  composition, ( 2) toxic 
materials were present which required removal, and ( 3) spores of reduced 
virulence were produced. Research led to the formulation of a medium of 
known composition for N which in turn led to the development of practical 
media for large-scale production based upon pepticase (a  tryptic digest o f 
casein) or other peptones combined with cerelose, yeast products, thiamin, 
and sa lts . As an outgrowth o f postwar development o f practical media for 
Brucella suis, Brucella melitensis, and Pasteurella pestls , an acid p a rt ia l 
hydrolysate o f casein is  now recommended instead o f the tryptic digest. 
Laboratory-grown cultures (100 ml volumes grown at 3U C on a shaker for 20 
to 30 hours) produce approximately 1.25 x 10? spores per ml.
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Three different practical methods for producing effective c e ll-fre e  

immunizing antigens hare been developed and tested in rabbits, guinea pigs, 
monkeys, and sheep, with satisfactory evidence of immunity. A pharmaceuti­
ca l manufacturer, under contract, is  adapting these developments to large - 
scale production of vaccine.

d. DEVELOPMENT OF PROCESSES FGR DRYING

No extensively tested process fo r the drying of tnis agent is  now 
available but effort in tnis area is  underway on u priority  basis. Frag­
mentary evidence exists indicating that spores of K can be dried without 
loss by the following metaodss ( 1 ) selected solvents, ( 2) vacuum drying, 
and (3 ) freeze-crying. C ritica l sizing is required ex' the products ob­
tained from eac.i of these methods. Spray drying has been successfully  
applied to the spore simulant, 3G, cut .;ct yet to N because of delays en­
countered in  modifying the dryer to meet safety requirements and tne nigner 
prio rity  o f process development of trie liquid suspension of N. The current 
e ffo rt  in the development of a drying process for N wi l l  investigate ( 1 ) 
solvent drying, ( 2) freeze-diying, and ( 3) spray drying, in  that order of 
p rio rity . *

e . PILOT PLANT STUDIES

During World War I I  the p ilo t  plants produced about 8,000 gallons 
of concentrate assaying UO x 10? spares per ml. Until very recently, very 
l i t t l e  e ffo rt was expended in the offensive aspects of the development o f 
this agent in the postwar period. This minor e ffo rt was directed large ly  
to studies of the concentration of spores py froth flo tation . Concentra­
tion has been accomplished by this metnod on a laboratory scale, but the 
operation has not yet been successfully transferred to p ilo t  plant equip­
ment.

In  1953 a detailed new process recommendation was made fo r  the produc­
tion of this agent. Included are procedures for the preparation o f inoculun 
control of quality of inoculum, preparation of a Droduction medium, fermen­
tation, concentration, antolysis and preservation of agent, f i l l i n g  into 
munitions, and storage. The principal characteristics expected o f the agent 
produced by this process are described. This process is  designed to  be 
adaptable to the 1-201 fa c i l it y ,  witn minimal a lterations.

Piloting ox the process began in June 1953* It  taay ue w ell to empna- 
size that existing p ilo t  plant f a c i l i t ie s  are not adequate fo r  th is purpose 
and in many respects the equipment, and tne re f ore, tne unit operations, 
d iffe rs  from that at the X-201 plant. For example, the centrifuges at the 
pilot plant are a batch type as contrasted witn the intermittent discharge
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type at 1-201. The size and proportions of the tanks d if fe r , main ng doubt­
fu l the transferability  of aeration data. These d if f ic u lt ie s  should be 
remedied when building PP-1, wnich_contains a 1 -c e ll counterpart o f equip­
ment at X-201, becomes availab le . 'This building, o rig ina lly  scheduled fo r  
occupancy in December 1951, w i l l  not become available until 31 July 1953 
at the earliest, and w i l l  require several months o f testing and shake-down 
thereafter before f u l l  use can be made of it  with pathogens.

f .  AERO BIOLOGICAL STUDIES

Certain characteristics of the N currently being produced by the p ilo t  
plant seem evident from the re la tive ly  small numbers of tests which i t  has 
been possible to perform thus fa r . The aerosol s tab ility  of N is  nigh 
(decay rates are 0 to 6 per cent per minute) and not sign ifican tly  different 
from that of the simulant, 9G. Recoveries from aerosols 1 or 3*5 minutes 
old vary from 15 to 88 per cent. There are indications that (1 ) recoveries 
from aerosols prepared from different cultures may vary appreciably, ( 2) 
the presence of 1 per cent phenol may cause a marked reduction in recovery, 
and ( 3 ) recovery may decrease with increase in  re la tive  humiditv to values 
greater than 70 per cent ( p a rtia lly  an increased physical lo s s ) .  Upon ex­
posure of guinea pigs to aerosol clouds of N, ID50 values o f about 30,000 
inhaled spores have been obtained which agrees with British  data. The _  
available data with monkeys indicates an ID100 of about 5,000 spares wnic^fe 
is  about one-tenth the value reported from recent work in  Parton. More e x ^  
tensive information is  being obtained on the s tab ility  and in fectiv ity  of 
aerosols of N and correlation of the characteristics of aerosol clouds of 
N and BG.

A broad assessment program is underway in  the large test sphere to 
determine the characteristics of N and BG when liqu id  suspensions of those 
organisms are disseminated from the E6l  and the Mll^ bombs. This program 
is  too current fo r  any more detailed comment than to indicate that aerosol 
clouds of U infective fo r monkeys and guinea pigs can be produced by ex­
plosive dissemination from these munitions.

The scope of f ie ld  t r ia ls  whicn can safely  be performed with N is  
seriously circumscribed because of the stab ility  of the organism. Using 
the Mark I  bomb (a  predecessor of the Mllix) to disseminate a liqu id  sus­
pension of N, the British were able to infect and k i l l  sheep at Gruinard 
Island in 19k3 &nd guinea pigs and monkeys at OPERATION HARNESS in  19U9.
At the present time, discussions of the fe a s ib ility , scope, objectives and 
site of future f ie ld  t r ia ls  with N are underway in  various echelons of the 
Department of Defense.
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2. BACTERIUM* TULARENSE (UL)

a. STRAIN SEIECTIGN - AND GENETIC STUDIES

More than 50 strains varying in  pathogenicity from avilulent to highly 
viru lent have been collected from various locations throughout the world.
A highly virulent culture, designated SGHU, o rig in a lly  isolated from a 
human ulcer, was used for most experimentation prior to 1950. Since that 
time, homogeneous colory types have been isolated from the nighly virulent 
but heterogeneous SCHU strain . The variant presently being used, SCHU SD, 
possesses a low dissociation index and has a respiratory LD$o of less than 
5 ce lls  for the guinea pig and less than 30 ce lls  fo r  the monkey. The high 
virulence of this strain fo r man is  substantiated by the high incidence o f 
infection among vaccinated and nonvaccinatea laboratory workers. Antibiotic  
resistant strains (e .g . ,  resistant to 10 mg streptomycin) have been devel­
oped which, in preliminary study, retain the virulence of the parent strain.

b . DEVELOPMENT OF PRACTICAL GROWTH MEDIA AND STORAGE STAKE LIT!

Two media have been developed which are suitable fo r  large scale pro­
duction of this organisms one is  based upon hydrolyzed casein (MCPH medium), 
and the other based upon yeast. Viable c e ll populations of 25-35 x 10? per 
ml are attainable in  MCPH medium after 12 hours incubation at 37 C with 
aeration. Continued incubation does not resu lt in  an increase in viable  
population, and studies are underway to determine the lim iting chemical and 
metabolic factors involved. These cultures reta in  f u l l  virulence and 80­
100 per cent v ia b ility  a fte r storage at 5 C for U weeks. Approximately 50 
per cent v iab ility  is  maintained a fter storage fo r  12 weeks; however, after 
8 weeks storage, virulence (determined by interaperitoneal injection) de­
creases. This decrease in  virulence can be eliminated i f  cultures are fro ­
zen and stored at -50 C.

c. DEVELOPMENT OF PROCESSES FOR DKTCNG

Only fragmentary studies on the drying of this agent have been per­
formed. Reduction of virulence subsequent to freeze-drying not been 
observed, in contrast to the experience with Pasteurella  pestis and Bru­
ce lla  suis. Sufficient concentrated ce lls  to support p re -p ilo t plant scale 
drying operations w i l l  not be available until the agent is  produced in the 
p ilo t plant.
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d. * PILOT PUNT STUDIES

Prior to 1953, 19 batches of an avirulent stra in  of this agent were 
grown primarily as a service to otner divisions and agencies. Two batches 
of the virulent strain  SCHU SD irere grown in  the f a l l  of 1952. A program 
for the p ilot plant development of this agent was in itiated  as a f i r s t  
priority item in  1953. A detailed experimental operating procedure azi 
recommended process fo r  piloting was prepared. The in it ia l  p ilo t plant 
runs were not successful. Although the cause fo r  this fa ilu re  has as yet 
not been determined, botn tne inoculum development and medium preparation 
procedures are suspect and being reviewed. Because o f the overriding p ri­
ority granted by the Chief Chemical Officer to the p ilo t  plant development 
of Bac illu s anthracis, the program on Bacterium tularense w i l l  be delayed.

e. AEROBIOLOGICAL STUDIES

The stab ility  of aerosol clouds of this organism is  dependent upon 
humidity, with best recoveries obtained at the higher humidities. Average 
death rates of suspensions prepared for recent f ie ld  t r ia ls  have been 19, 
25, and 6 per cent per minute at relative humidities o f 35, 60, and 90 per 
cent, respectively. No significant effect on aerosol s ta b ility  was ob­
served in ce lls  stored fo r  11 to 1*7 days at 5 C. A

Comparison of intraperitoneal and respiratory (Henderson apparatus) 
virulence titrations indicate an average IDgo ^*2 c e lls  for the former 
and 2.1* cells fo r  the la t te r . The narrow 95 per cent confidence lim its 
observed indicate that these titrations can be performed with a high degree 
of precision. The respiratory ID50 is  seem to be in close agreement with 
the intraperitoneal UD50*

The respiratory ID50 strain SCHU SD is  le s s  than 5 organisms for 
the guinea pig and less  than 30 organisms fo r the monkey. This latter  
figure has recently been confirmed in  tests employing 36 monkeys.

Dissemination from munitions of liquid suspensions o f cnis organ ism 
in the large test sphere has indicated that poor aerosol recoveries (0 .1 
to 0.22 per cent in the period I  to 2 minutes a fte r  explosion) are obtained 
witn the Hlllt bomb even at 95 per cent HH. In  addition, guinea pig in­
fections were low and f e l l  o ff rapidly as the cloud aged, e .g . ,  1*6 per cent 
mortality on exposure between 1 tc 2 minutes a fter explosion and 18 per cent 
mortality between 16 and 17 minutes a fter explosion. Preliminary tests in ­
dicate that superior resu lts are obtained when dissemination is  accomplishec 
by a generator. Recoveries as high as 19 per cent are obtained 2 minutes 
after aerosolitation, and 100 per cent o f the exposed guinea pigs are k illed  
at cloud ages o f at least 31* minutes. In i t ia l  tests  using the E6l  boob in­
dicate that it  approaches the generator in  e ffic ien cy  and is ,  therefore.

Security Information



fa r  superior to the Ullli for dissemination of th is orgahism. Defin itive  
comparisons of the generator and E6l  remain to be performed.

Preliminary information is  available from a recent successful la rg e -  
scale f ie ld  t r ia l  in  which UOO E6lRli bombs were placed on an 8,000 x 8,000 
foot grid at a density of 3/8 of a cluster per square mile. (This is  
actually a more disperse pattern than i s  presently attainable by dropping 
from a plane.) A steady state was reached in  the resultant aerosol cloud 
as judged by a constant level of deaths in the exposed guinea pigs ( 30-U5 
per cent). This steady state was attained 3200 to U800 feet from the up­
wind edge of the munition layout and continued to between 8600 to 9000 
fee t. The cloud decayed from this point onward but s t i l l  was capable o f 
k illin g  13 per cent o f the guinea pigs at a distance U8U0 feet from the 
downwind edge of the minition layout. Of the U9 monkeys exposed in this 
test, h i died of tularemia and 6 of the 8 survivors were infected as in ­
dicated by positive laboratory tests.
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PASTEUREUA PESTIS (LeJ3.

a. STRAIN SEIECTICH AND GENETIC STUDIES

Over 100 strains are available at the Naval Biological Laboratory and 
30 at the Chemical Corps Biological Laboratories. Strains cf choice cnong 
the virulent strains ( i . e . ,  highest virulence together with greatest genetic 
s ta b ility ) are those derived from H-16 (139-1*) which was orig inally  isolated  
from a human case in  India. The intraperitoneal ID50 for mice o f this stra i 
is  0.9 -  5.7 organisms. Several avirulent strains are also available fo r  
study.

A genetic study of morphological types recoverable from strains o f 
Pasteurella pestis has revealed four types considered to be most important. 
Of these, two are smootn and two are rough types. One of tae smooth types, 
the so-called "rugose cream" type, is  mare virulent than the others. Dis­
sociation in  liqu id  media has been found most frequently after 7 days incu­
bation i f  cultures were unshaken, incubated at 26 C, and possessed a pH 
above 7.0. A strain (7-6 which is  ultimately derived from H-16) has been 
tentatively selected, which evidences-a satisfactory degree of un ifo rm it^^  
and genetic s tab ility  as well as a high degree of virulence. The c o r r e '^ p  
tion study between virulence and colonial morphology i s  being continued 
employing strain V-6 , with a l l  detectable variants isolated and titrated  
in mice in  an e ffo rt to establish the c r ite r ia  o f d ifferentiation  and to 
select a strain  with improved s tab ility . Strains resistant to dyes and 
antibiotics have been recovered.

b . DEVELOPMENT OF PRACTICAL GROWTH MEDIA

Two practical media have been developed, one whose basic component 
is  a fish  hydrolysate and the other a casein hydrolysate (DCPH medium) •
Of these, the la tte r  is  receiving current emphasis. One of the governing 
lim itations in  achieving high yields o f v iab le  c e lls  has been found to be 
the re la tive ly  faster rate of g lycolysis as compared with the oxidation of 
the resultant organic acids. Buccess has been achieved in overcoming this 
lim itation by ( 1 ) the incremental addition o f glucose and ( 2) by tbe sub­
stitution fa r  glucose of other sugars (e .g . ,  D-xylose) which have a slower 
rate o f g lycolysis. Maximum yields o f v iab le  organisms in the order o f  
60-70 x 107 per ml have been achieved.

c. STORAGE STAHUnT

I t  has been shown that in the presence c f suitable adjuvants, the 
storage s tab ility  of tnis organism can be markedly increased. Strain  V ^ p



grown in  DCPH medium and stored at*l* C with the addition of 3 per cent 
lactose as an adjuvant showed adequate maintenance o f v iability ' ( 65-75 
per cent), genetic stab ility , and virulence fo r more than 3 months.

d. DEVELOPMENT OF PROCESSES FOR HUING

Laboratory freeze—drying has indicated that when dry material is  recon­
stituted, it s  virulence is  considerably reduced. Processing conditions re­
quired fo r  optimal recovery, storage, and retention of in fectiv ity  are under 
study. Survival of iiO—75 per cent of viable cells has been obtained fo l­
lowing freeze-drying 'ey the snap-freezing technique when skim m-ilk is  added 
to the suspending flu id  of the ce lls  prior to drying.

e. PILOT PIAKT STUDIES

This agent is  not yet in the P ilot Plant. However, i t  has been success­
fu lly  grown in  relatively  large volumes in  the laboratory under conditions 
simulating P ilot Plant production. Also, work has been in itiated  on seed 
cycles, seed "build-up", aeration, temperature, intervals required for ad­
dition of carbohydrates, and bacteriostatic agents to control growth of 
contaminants.

f .  AEROHEOLOGICAL STUDIB

This organism has a re la tive ly  low aerosol s tab ility , especially at 
high re la tive  humidities. Addition of 10 per cent skim milk solids to the 
suspending flu id  prior to aerosolization p a rtia lly  neutralizes the adverse 
effects o f high relative humidity and markedly improves in i t ia l  recoveries 
but does not materially affect subsequent recovery. An IDcq o f 20,000 in ­
haled organisms fo r  rhesus monkeys has been calculated from exposures in  
the NHL chamber. In it ia l  t r ia ls  at sea in the B ritish  OPERATION CAULDRON 
have indicated that the efficacy of this agent dispersed from the R/E.l 
bomb is  much less than that of Brucella su is . However, -these tests were 
performed at high re lative  humidities wnich may account fo r the erratic  
sampling and poor animal resu lts .
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The development of a liquid suspension of the organism as an anti­
personnel BIT agent is essentially complete, and c lass ifica tion  as "standard 
type" has been accomplished. The standard-type AB-1 munition f i l l  has been 
authorized fo r  use in the standard-type lfllU  bomb. A production plant fo r  
vegetative-type HT agents nas been designed on the basis o f experience 
gained in  the design and operation o f the Vigo plant during World War I I ,  
laboratory and p ilot plant data and operating procedures developed at the 
Biological Laboratories, and engineering studies performed by several con­
sultants from industry. This plant is  approaching completion and should go 
into production early in FT 195U. Since large -sca le  production fa c i l it ie s  
fo r  th is  agent are not yet in operation, i t  is  being prepared by the p ilo t  
plant of the Biological Laboratories fo r f ie ld  tests being performed not 
only in  this country but also in the United Kingdom and Canada.

The present e ffo rt  with this agent is  devoted largely  to studies in 
genetics and the development of processes fo r  drying. The genetic studies 
with Brucella suis serve a dual purpose* (1 ) they provide a model system 
fo r  the development of ary bacterial Bif agent, and (2 ) they offer the pos­
s ib i l it y  o f selection of strains of this organism with properties even 
more desirable than found in  the presently recommended strain . Virulent 
strains resistant to available antibiotics have been selected, and the 
aerosol s ta b ility  of these mutants as w e ll as sodium chloride resistant 
mutants is  being determined. Further genetic modification of this organism 
may result in selection of strains with increased resistance to drying, 
aerosolization and, in addition, may lead to more virulent strains which 
w i l l  f a i l  to react to the commonly used c r ite r ia  of identification .

Processes fo r  drying this organism are under development. I t  has been 
noted that there is  a significant loss o f virulence (determined by in tra­
peritoneal in jection ) following immediate use of reconstituted freeze-dried  
organisms without allowing a period o f recovery of growth in  broth. Pre­
p ilo t  plant studies have compared the state from which the material was 
dried (frozen pellets or frozen layers of varying depths in  trays) and the 
method of heat application (conduction or in frared  rad iation ). V iable c e ll  
recoveries of 23.3 -  58.8 per cent per gram of so lids were obtained. 
C rit ica l sizing of dried agent by means o f b a l l  m illing or toe Tanner  
grinder is  being studied. The la tte r apparatus causes size reduction by 
rupture of agent particles from internal forces developed by centrifugal 
spin; it  o ffe rs  promise of successful application to the sizing of BW 
agents.

Information Just received from the B ritish  OPERATION CAULDRON confirms 
and extends existing knowledge of the antipersonnel potentia lities o f this  
agent. These t r ia ls  were performed with Brucella suis grown in the p ilo t  
plant of the B io logical Laboratories in the manner being recommended fo z ^ t
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la rge -sca le  production. The in feetiv ity  of the agent for guinea pigs 
(m <0 — U5 ce lls ) as determined in  the Henderson apparatus remained con­
stant during a 6 month storage. An identical value was obtained when the 
agent was disseminated from a Colllson spray in the open, 3hen the agent 
was disseminated from the E/E.l experimental unit bomb and the pre-impinger 
used in  sampling, an ID50 of 27 c e lls  for guinea pigs was observed (fo r  the 
fraction  less than h » )  and 81 c e lls  for the total cloud (partic les 30 tt 
and below ). An ID50 of 100 ce lls  was calculated for monkeys in these t r ia ls .  
The scatter (20 to U800 ce lls ) was quite wide, as might be expected on the 
basis o f only lj. animals and the b r ie f exposure of these animals to  the in ­
fective  cloud because of the high wind speed (17 ndles/hour) at the time of 
the t r ia ls .  The actual percentage of animals infected in the path of the 
cloud was not too different, being &$% fo r the guinea pigs and 5956 fo r the 
monkeys.
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5. ffiUCEHA MELITEKSIS
ft-JSO

a. STRAIN SEI2CTICN AND GENETIC STUDIES

Strains of high virulence are available, which were o rig ina lly  isolated  
from human cases in Mexico. One of these cultures had an IDiq O fo r g’^'nea 
pigs by subcutaneous inoculation of less than lit c e lls , although the cul­
ture proved to be heterogeneous when examined for colonial morphology. A 
streptomycin-resistant mutant has been isolated, wnich has a subcutaneous 
ID50 f ° r  guinea pigs of 3*3 ce lls  and is  resistant to 1 mg streptomycin 
per ml. An isolate from a human who had become infected by th is strain  
now shows a subcutaneous IDjjq ° f  less than 2.2 ce lls  fo r guinea pigs and 
causes severe gross pathological changes. This strain w i l l  be recommended 
fo r  future pilot plant work.

b . DEVELOPMENT OF PRACTICAL GROWTH MEDIA

A medium based upon an acid hydrolyzed casein has been developed, in  
which anions are removed by passage through an icn-excnange resin . Unier 
laboratory conditions (shake cultures) yields o f 80-113 x 10? v iab le  ceU* 
per ml are attainable a fter U8 hours growth. In  the p ilo t plant (deep 
tank culture) the average y ie ld  has been 28.7 x 10? ce lls  per ml. The 
cultures are grown in the presence of 0.1 mg per ml streptomycin, no s t^ P ^  
tomycin is  added to the fermenters, and 1 rag per ml cf streptonycin is  
added to the fin a l product. This sequence of addition of streptomycin is  
based on laboratory studies and assures production o f uniformly streptooy- 
c in—re sis tant seed and at the same time allows for maximum y ie ld  of c e lls .

A chemicallay defined medium has been developed wuicu contains the 
amino acids, carbohydrates, vitamins, and salts required for growth of this 
organism. In  the laboratory, y ie lds of 100-120 x 10? viable c e ils  per ml 
are obtained in 6U-80 hours with tnis medium.

c. STORAGE STABILITY

No significant loss in  v ia b i l ity  and no significant population changes 
were observed during a storage period of lU weeks at 5 C. No loss of res­
piratory virulence of p ilo t  plant grown organisms was evident a fter 5 
months storage. I

d. DEVELOPMENT OF PROCESSES FCR DRYING

Practica lly  a l l  the e ffo rt  in  this area has been with Brucella  
abortus and Brucella suis.
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e . ‘ PILOT PUNT STUDIES

In  general, process development and p ilo t plant studies with 3rucella 
melitensis have utilized the experience gained with Brucella suis with such 
modifications as are necessitated by the differences in  the culture medium 
and addition of streptomycin. A re latively  small number of batches o f this 
agent have been produced in the p ilot plant, primarily as a source cf ma­
t e r ia l  for f ie ld  t r ia ls . In  9 runs under uniform conditions, the mean y ie ld  
of viable ce lls  per ml was 39.8 x 10? at 57 hours mean harvest time. Non­
smooth variants in the product ranged from 0 to 3 per cent. Upon storage 
at U C the mean survxval in  b illions of viable c e lls  per ml was 39-8 , 35*9, 
and 23. li after 0, 28, and 56 days.

f . AEROHIQLOGICAL STUDIES

P ilo t plant grown organisms have demonstrated an IDcjq o f U8 ce lls  with 
95 per cent confidence lim its of 23 to 101 ce lls  when tested in the cloud 
chamber against guinea p igs. Death rates of laboratory cultures grown in  
and sprayed from deionized casein partia l hydrolysate have snown similar 
relations to water vapor concentration as have those of Brucella suis.
The death rates as the aerosol aged from 3*5 to 15 or 30 minutes at 25 C 
averaged 9.2 / 3*9 per cent per minute between 20 and 50 per cent RH and
0.3 per cent per minute above 70 per cent RH. The estimate for ce lls  dying 
immediately upon entering the a ir  was 22 / 1*.8 per cent, which is  sim ilar 
to values previously obtained with Serratia marcescens.

Only fragmentary f ie ld  tests have been performed with this agent. 
Successful dissemination has been attained with the ti-U li bomb resulting  
in infection of 76 per cent of exposed guinea pigs on the 27 yard arc and 
7k per cent on the 50 yard arc. in  contrast, dissemination free  the £-83 
generator resulted in an extremely low infection rate.
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‘ 6. CQXJELIA*HJRNETII (OU) '

A liquid suspension (egg tissue emulsion) o f this organism is being 
reviewed for type c lassification  as a standard-type debilitating anti­
personnel 3ff agent.

a. STRAIN SELECTION AND GENETIC STUDIES

Of the many strains of this organism made available fo r  study, three 
have been selected as representative: the Henzerling, Nine Mile, and 
California AD strains. The bulk of the development work has been performed 
with Strain AD. This stra in , which was o rig ina lly  isolated fiom infected 
mi i if of dairy cattle in California, was cade available  by the National In ­
stitutes of Health because of its  nigher mortality fo r  guinea pigs as com­
pared with other availab le  strains.

L ittle  success has been achieved, thus fa r , in attempts to develop 
strains resistant to aureonycin, terramycin and streptomycin. However, . 
there is  some indication that resistance to Chloromycetin cay be induced.

b. GROWTH ON A IABCRATQHY SGAIE

Studies of the growth cycle of this organism in  embryonated eggs and 
the influence of various experimental factors on this cycle have formed the 
basis fo r the selection of conditions resulting in  maxima l y ie lds. Yolk- 
sac inoculation of 5-day-old embryonated eggs is  the preferred method of 
cultivation. Allantoic inoculation is unsatisfactory. The optimal time 
of harvest is  ju st p rior to or socrtly a fter the death of the embryo 
(approximately 9 days wnen 0.25 ml of a 10“ ’ d ilu tion  of infected yolk sac 
is  used as inoculum). The concentration of the rickettsiae  in the original 
inoculum influences only the time of death but not the ultimate tite r  in 
the embryos during the death cycle. The maximum concentration of this . 
organism found in the yolk sacs of infected egjs i s  approximately 10>*5 to 
1QO.0 jj) cq per 0.25 ml as measured in the embryonated egg and 1010 ID50 P®1" 
ml as measured by inoculation into guinea pigs, using complement fixation  
as an index to in fection . The presence of liv in g  rickettsiae in the inocu­
lated egg is  not necessarily manifested by death o f the embryo, but fre ­
quently can be detected only ’ey repeated subinoculation of pools of sur­
viving eggs with observations of embryo mortality and microscopic examina­
tion of yolk sac smears. The evidence of in fection obtained by the micro­
scopic examination of smears is  much more rapid and more sensitive than 
the specific death pattern o f embryos in  detecting the presence of small 
numbers of rickettsiae. There is  at least a 5 log  d iffe re n t ia l between 
the dosage of organisms required to infect (ID50) M  contrasted to the 
dosage required to  resu lt in  death of the inoculated embryos (ID50)*
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c. STORAGE STABIIITT

A slu rry  of infected whole egg. can be stored without significant loss 
in t i t e r  fo r  at least 3 years at -uO C and for 3-6 months at 1*0 C. S tab il­
ity  i s  progressively lowered as storage temperatures are increased above 
li C. Freeze-dried infected yolk sac suspension in nutrient broth can be 
stared without significant loss in tite r for at least 6 months at -U0 C 
and fo r  6 months at li C.

d. DEVELOPMENT OF PROCESSES FOR DRYING

Exploratory experimentation both on a laboratory scale and on a pre­
p ilo t  plant scale have indicated that tnis organism can be successfully  
freeze—dried = Ball-m illed freeze-dried agent has been disseminated from 
fixtures and from the E6l  munition witn formation of aerosol clouds in­
fectious to guinea pigs and monkeys. A defatted dried powder, prepared 
by extracting a freeze-dried whole egg preparation with Freon 113, gave 
superior resu lts when disseminated from the E6l  bomb.

c. PILOT PLANT STUDIE

The p ilo t  plant has produced approximately 13,700 lbs  of a liqu id  
suspension o f the AD strain of this r icketts ia . The liqu id  suspension is  
a slurry resulting from the homogenization of a l l  components of infected 
embryonatea eggs except the shells and shell membranes. Yields of 10*° 
guinea pig intraperitoneal ID50 per ml are attained. In  addition, a con­
tractor has performed a design study of a fa c i l i t y  for the production on 
a large-scale  o f v ira l or ricketts ia l agents in  tne embryonated egg.

d. AEROHTOLOGICAL STUDIES

Cloud chamber experiments indicate that 1 guinea pig respiratory IDc0 
equals approximately 0.00072 egg LD£o, and 1  guinea pig respiratory LD50 
equals approximately 6 egg IDCo* Aerosol recovery values fo r  this organism 
are high, i . e . ,  a mean recovery of 50»1 per cent at an average cloud age of 
3.5 minutes. Aerosol clouds of tn is organism are  quite stable over snort 
periods of time and do not appear to be s ign ifican tly  altered by changes 
in relative humidity. The average over a l l  h a l f - l i f e  of clouds of th is  
rickettsia  is  approximately 15 minutes, as compared with 21 minutes fo r  
similar aerosols o f a nonliving substance (phenol red ).

Both laboratory and p ilo t plant prepared agents were disseminated from 
Mllli bombs at Dugway Proving Ground in the summer of 1952. A group of 37 
bombs of eacn preparation was used and guinea pigs were exposed at regular
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intervals up to 1 mile from the munitions. The resultant aerosol clouds 
were infective over the entire distance, with 93 per cent infection re­
sulting from the laboratory preparation and 82 per cent from the p ilot  
plant material. The cloud was s t i l l  highly infectious at the end of the 
sampling array (1  mile distance). In  another test in  which this agent was 
disseminated from generators, 7U per cent of the guinea pigs and 73 per 
cent of the monkeys exposed became infected, with infections occurring at 
the end of the sampling array (2 miles distant from the munitions).
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7 . VIRUS OF VENEZUELAN EQUINE ENCEPHALCaffEUTIS' (NU)

a. STRAIN SEIECTION AMD GENETIC STUDIES

The strain of this virus currently being recommended far use in pilot 
plant studies is  VE-1, an egg-propogated strain of equine orig in . Labora­
tory developmental work was performed wita th is strain  which had been se­
lected on the basis of higher virulence for laboratory animals, and the 
recommendation of an investigator in  this f ie ld .  No attempts hare been 
made to select further among strains or substrains for desirable properties 
However, current studies on mosquito transmission are expected to reveal 
aqy observable differences between the animal or egg-cultivated virus and 
mosquito—passed virus.

b. PRODUCTION OF AGENT ON A 1ABCRATQE3C SCAIE

After inoculation of 0.1 ml of virus seed containing 60-6,000 egg 
allantoic ID50 in*0 10-day-old embryonated eggs v ia  the allantoic cavity, 
the growth or this virus follows a definite pattern* (1 ) an in it ia l  lag  
period characterized by t ite rs  of less than 10^ per 0.1 ml, with a duration 
dependent upon the concentration of the inoculum, (2 ) a period of rapid  
multiplication during which a 5-log increase in  t ite r  may be achieved in  
7 hours, and (3 ) a period of attaining a maximum virus leve l characterized 
by tite rs  ranging generally between 107»5 and 10® per 0.1 ml. The peak 
period of death of the embryos is  approximately 22 hours after inoculation; 
i t  w il l ,  o f course, vary inversely with the dosage of the inoculum. Se­
lective harvest of the chick embryo it s e lf  gives a product of higher t it e r  
than is  encountered in other portions of the egg or in  the whold egg. Com­
parison of the products of Thole egg harvest and selected embryo harvest, 
with respect to p ilo t  plant production and dissemination by explosive 
munitions, is  being performed currently.

c. STCRAGE STA3HJTT

Virus seed has been stored for at least 3 years at -1*0 C without 
significant loss of t i t e r .  At U C the t ite r  i s  maintained fo r  3-6 weeks 
depending on whether the virus is  present in  whole egg slurry or selec­
tively  harvested embryo. Storage s ta b ility  becomes progressively poorer 
as the temperature is ra ised . Storage s ta b ility  at temperatures inter­
mediate between 1* C and -1*0 C are under study.

d. PROCESS DEVELOPMENT AND PILOT PLANT STUDIES

Present methods and plans for the production o f v i r a l  agents leave
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no sharp lin e  between laboratory development and process development.
Such laboratory studies as the growth cycle of virus in embryonated eggs 
and the influence on yield  of virus of such factors- as age o f the embryo­
nated egg, route of inoculation, volum^tf inoculum, temperature of incu­
bation, time and method of harvesting/thebasis for the process recommenda­
tions fo r  use in  the p ilo t  plant. P ilot plant studies of this virus have 
recently been in itiated  with the close cooperation of the laboratory devel­
opment personnel.

e. DEVELOPMENT OF FROCESSES FOR CRYING

Only laboratory experimentation in the drying of this virus has thus 
fa r been carried out. Freeze-drying in  ampoules has been accomplished 
without loss in  t ite r . The dried material stored under a vacuum showed no 
loss in tite r a fter storage at U C or 25 C fo r at least U5 days, and at 37 
C for at least 30 days.

f . AEROHIGLGGICAL STUDIES

Animals have been exposed to aerosols of th is virus in the modified 
Reyniers chambers and the following exposed respiratory ID50 values de­
termined ( a l l  expressed in mouse intracerebral ID50 u n its ): guinea p ig , 
9.68 and 21.1; rabbit, H i.6; and mouse, 13U0. An average recovery o f virus 
from the aerosols of 5U per cent was obtained. Low humidities and tempera­
tures are the most favorable conditions fo r  aerosol s ta b ility . The aerosol 
stab ility  of th is virus is  adversely affected by high humidities ( i . e . ,  90 
per cent RH). In  this characteristic it .  is  sim ilar to Pasteurella pestis 
and d iffers from Bacterium tularense and Brucella su is .  In  the aerosol 
chamber, environmental conditions of 8 to 11 per cent RH and 27 C have 
been found favorable for the stab ility  of aerosols cf th is v irus> while 
90 per cent RH and UO C are unfavorable.

Preliminary t r ia ls  on the dissemination of whole egg suspensions of 
this virus in  E61 munitions under optimum vapor pressure conditions in  the 
test sphere have been successful. The agent has caused death of exposed 
guinea pigs, and analysis of impinger samples indicates recovery values of 
approximately 3 per cent. I t  is  anticipated that this agent w i l l  be f ie ld  
tested during the 1953 British  fi§ ld  t r ia l  program at sea (OPERATION HES­
PERUS). These f ie ld  t r ia ls  w i l l  be preceded by dissemination from muni­
tions in  the test sphere at the Biological Laboratories.
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8. PSITTACOSIS VIRUS (S I)

Investigation of this agent has revealed -deficiencies in such 
characteristics as storage s tab ility , aerosol s tab ility , and aerosol 
in fectiv ity , especially when comparisons are made with other egg-cultured 
agents such as Coxiella burnetii and, on the basis o f limited data, the 
virus of Venezuelan equine encephalomyelitis. Therefore, the agent has 
been withdrawn from the p ilo t plant and returned to the laboratory for  
further investigation. E fforts to overcome these deficiencies have been 
concerned in it ia lly  with concentration and purification studies which, 
although successful, have not m aterially improved the capabilities of th is  
agent* Future efforts w i l l  look to selection of appropriate strains and 
stucfy- of the virus as excreted by infected birds.

a . STRAIN SELECTION AND GENETIC STUDIES

A number of strains nave been screened of wnich the Cal 10 (derived  
from man or fe rre t ), the 6BC- (derived from a parakeet), and the Borg (de­
rived from man) appeared most worthy o f further study. On the basis of 
existing evidence, the Borg strain  would be recommended for development 
as an antipersonnel agent because of it s  greater virulence fo r  both man 
and animals.

The 6BC strain has been made resistant to sulfadiazine and retains 
this resistance after 38 se r ia l passages in the absence of tne drug. 
Some resistance to pen ic illin  can be developed but i t  is  only p a rt ia lly  
retained after passage in  the absence of the antibiotic.

b. PRODUCTION OF AGENT CN A LABORATORY SCALE

Studies of the growth cycle of the psittacosis virus in  the embryo- 
nated egg and the influence of various experimentally controllable factors  
on this cycle have led to the recommendation o f standard procedures de­
signed to give maximal y ie lds of v iru s . For the Borg strain , 8-day-o ld  
embryonated eggs are inoculated into the yolk sac with 0.25 ml o f diluted  
yolk sac suspension assaying 2000 ILcq per ml. The optimum time fo r ob­
taining maximum tite r of virus (and therefore fo r  harvesting) is  ju st prior 
to or shortly after death o f the embryos, i . e . ,  U to 6 days a fter inocula­
tion o f the eggs. Based on studies o f the mortality (ID ) of the infected  
embryos, determination of in fective  dose (ID ) by examination of surviving 
eggs for the presence of virus in yolk sac smears, and repeated subinocu­
lation  of pools of the surviving eggs into new groups of eggs with ob­
servations of embryo mortality and positive yolk sac smears, IDcq t ite rs  
of 10°«h have been obtainef fo r  the Borg strain and 10?«6 for tne 6BC 
strain with no evidence of a substantial difference between the in fective
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and lethal doses. This is  in  contrast to experience with Coxiella burnetii. 
Over 97 per cent of the titratab le  psittacosis virus is  found in  "Ehe yolk 
and yolk sac, 85 per cent being injthe yolk i t s e l f .

c . STORAGE STAEELUT

Liquid suspensions of psittacosis virus do not suffer any significant 
loss in  t ite r  for 1 month when stored in  sealed glass ampoules at U C or 
10 C. S tab ility  decreases as environmental temperatures are ra ised . At 
-50 C there may be an in it ia l  loss in tite r of up to 1 log because of the 
freezing; however, the frozen product is  stable for 2 to 5 months.

d . DEVELOPMENT OF PROCESSES FOR DOTING

Freeze-drying of suspensions of homogenized wnole egg (minus sne ll 
and sh e ll membrane) containing psittacosis virus frequently results in 
losses of one to two logs in t it e r .  Use of infrared radiation as a heat 
source in the freeze-drying process increases tne rate of drying con­
siderably but does not eliminate the loss in t ite r  resulting from the 
process. Dried preparations stored under reduced pressure in sealed 
ampoules exhibited no decrease in  t ite r  after 5 months storage at -50 C, 
—20 C, or It c, but significant losses in  tite r  occurred after storage far  
1 month at 25 C or 1 week at 37 C. Extraction of lipo ids from the dried  
product with Freon can be accomplished with a negligible loss in  t ite r .
A fine powder results which can be aerosolized more readily than unex­
tracted powder.

e. PILOT PLMJT STUDIES

Approximately 25,780 pounds of milled embryonated egg containing 
high concentrations of psittacosis virus have been produced in  tte p ilo t  
plant. About 60 per cent of this production utilized  the Borg strain . 
With a 95 per cent confidence, y ie lds may be expected to f a l l  within the 
lim its o f 0.35 to 13.8 x 10® mouse intracerebral IDcq per ml. A contrac­
tor has performed a design study of a fa c i l it y  fo r  the production on a 
large scale o f v ira l or r ick etts ia l agents in  the embryonated egg. This 
study has been reviewed and the design basis revised.

f . AERGHIGLOGICAL STUDIES

Various preparations o f the Borg strain  in liqu id  suspension have 
been aerosolized in a U,800 l i t e r  tank. Average results indicate that at 
cloud age of 1  minute a recovery o f !i per cent may be expected.
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Approximately 200 intracerebral U)£o were equivalent to 1 respiratory IDcjo 
fo r  the mouse. Aerosol recoveries are dependent upon the environmental 
temperature and humidity (vapor pressure) with best recoveries obtained at 
vapor pressures less than 13 mm Hg (about 55 per cent RH at 25 C ). Re­
coveries at high vapor pressures were poor. This virus is  quite fra g ile  
as is  illu strated  by losses of 85 per cent suffered upon atomization 
d irectly  into an impinger flu id , i . e . ,  omission of the aerosol cloud por­
tion of the chamber studies. These results are in  contrast to losses of 
about 2 per cent observed with phenol red and of 15 per cent with Coxiella  
burnetii.

A number of tests have been performed in  which psittacosis virus has 
been disseminated by a nozzle cr the Mill* bomb in  the test sphere. Both 
the s ta b ility  and in fectivity of the resultant aerosols have been poor.
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9. BOTULflfDtt TOXIN (X)

The bulk of the development ir?rk on botulinum toxin has been con­
cerned with type A. In  this report a l l  referenced to toxin snould be 
understood to be type A unless specifically  identified otherwise.

a. STRAIN SELECTION AND GENETIC STUDIES

A large number of strains from various areas of the world have been 
screened. Much of the early  laboratory and p ilo t plant work u tilized  the 
Hall strain . At least part of the va riab ility  in production of toxin has 
been demonstrated to be a resu lt of nonuniform seed stock. A single colony 
stock, designated ffi), has been isolated which is  more stable and produces 
more than 1.5 x 10° mouse intraperitoneal UD^q per ml. This is  tne stock 
currently recommended for use in  the p ilo t plant. Some strains that yield  
as high as U x 10^ JHcq per ml have been selected, but they nave not proved 
to be uniform when held as stock cultures. Stocks of Clostridium botulinum, 
•type B have been selected which y ie ld  more than 2 x 10° IDcjq P®r  aany
strains of types C, D, and E have been screened fo r  toxigenicity with the 
ultimate objective of conversion of toxin to toxoid.

b. LABORATORY DEVELOPMENT

Laboratory methods of culture have been developed which produce high 
yields of toxin. I t  has been possible to iso late  and purify both the type 
A and type B toxin and to determine many of their physical and chemical 
characteristics, e .g ,,  molecular weight, shape, fr ic t io n a l ration, amino 
acid content, electrophoretic mobility, etc . Both are extremely toxic, 
with mouse intraperitoneal IZ>5ois Per “S -• 220-21*0 x 10° for type A and
110-200 x 10° fo r type B. A process has been devised for preparing a 
c lin ic a lly  acceptable, aluminum phosphate precipitated, purified toxoid 
of type A. This process has been adapted fo r large scale production by a 
pharmaceutical manufacturer wno has prepared several lots o f toxoid which 
are currently undergoing c lin ic a l evaluation. Attention is  being devoted 
to the development of procedures for large-scale production of a purified  
polyvalent botulinum toxoid.

c. DEVELOPMENT OF PROCESSES FOR DRYING

Partia lly  purified toxin at pH 3*9 or 6.8 and free of sa lt can be 
freeze-dried and stored fo r  at least 3 months at -18 C or 25 C without 
loss of toxicity . Purified toxin is  quite stable in an acetate buffer 
solution at pH U, but it  cannot be frozen in  the solution without a 
large reduction in tox ic ity . However, the pu rified  toxin can be freeze -
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dried when free of salts at pH 6.8 'and maintained at -18 C. Complete re­
tention of toxin activity over a period of 3 months storage was possible  
under these conditions. r

The toxin can be spray-dried, yielding a product with a potency of 
750 to 2,600 x 10° mouse intraperitoneal ID<o Per gra®* The loss in toxi­
city- averages 10 per cent when compared with the concentrated liqu id  feed. 
In addition, a collection loss of about 20 per cent is  sustained. The 
partic le  size of the dried product has a mass median diameter of U' to 7 
microns and a moisture content of U to 5 per cent. S tab ility  studies with 
these spray-dried products indicate that a sample assaying 1  x 10? mouse 
intraperitoneal s per gram can be stored at 20 C for 15 months without 
measurable loss of toxicity.

d. PHOT PLANT STUDIES

A recommended process is available for growth of Clostridium botulinum 
and for the precipitation, concentration, p a rt ia l purification, taxi spray 
drying of the toxin. Much of the p ilo t  plant production of toxin has been 
guided by the needs of ether laboratories and agencies, although some ex­
perimental piloting has been accomplished. The major weakness of the puri­
fication  process has beer, the high percentage loss of toxin encountered 
the presently available p ilo t plant equipment which was not spec ifica lly  
designed fo r  this operation. The p a rtia lly  purified toxin is  of good 
quality, out recoveries are erratic  and usually low. A design of a plant 
fo r  large-scale production of toxin has been prepared by a contractor. The 
design has been reviewed and revised by personnel of the B io logical Labora­
tories who have prepared a report summarizing the recommendations in this 
area as of 1952.

e. AEROHIOLOGICAL STUDIES

Respiratory toxicity studies, using aerosols of toxin created from 
liqu id  suspensions, have demonstrated that ( 1 ) innaled IDcq values for  
mice increased ( i . e . ,  toxicity decreased) from 180 to 1500 mouse IP  ID50 
units with increase in the mass median diameter of the inhaled toxin— 
containing particles from 0.U6 to 2 microns, and ( 2) lung-retained IDtjq 
values for mice remained fa ir ly  constant (coe ffic ien t o f variation of r  
26.1* per cent) at 18.2 mouse IP ID50 units over the same range o f ~  
particle sizes.

Aerosol stab ility  studies at low RH have indicated that high 
eries are obtained at an aerosol age of 3*5 minutes (about 55 per 
and the inactiviation rate is  re la t iv e ly  low (U .6 to 6.U per cent 
minute).

recov-
cent)
per

Security Information



Security Information

• Studies in  a h, 800-liter tank-on the toxicity for guinea pigs and 
mice of aerosolized spray-dried toxin show that (1 ) guinea pigs are much 
more susceptible tnan were mice (this may be a result of the particle  
size distribution of the toxin ), (2 ) inhaled LD50 values for the guinea 
pig increased (tox ic ity  decreased) with increase in  re lative himidity of 
the aerosols, particu larly  above 70 per cent, and (3 ) inhaled ID50 values 
for guinea pigs exposed in aerosols at EH less  than 60 per cent are about
75 mouse IF  ID50 units.

Wartime f ie ld  disseminations of liqu id  suspensions of toxin from the 
Mark I  (predecessor of the MllU) bomb were not conclusive. Recently two 
fie ld  tests were conducted at Dugway Proving Ground in which a spray-dried 
troHn was disseminated from a generator. The results of the second test 
have not yet been o f f ic ia l ly  analyzed. However, preliminary review of the 
available data indicates that in the f i r s t  test the U90 grams of spray-dried 
toxin covered an area of U7,000 square yards with at least 1  guinea pig ID^o> 
and tte to ta l cloud area was 136,000 square yards as measured by the tox i­
city of impinger samples to mice. In  the second test. 750 grams of spray- 
dried toxin were disseminated. The to ta l cloud, as measured by impinger 
samplers, covered an area of 938,360 square yards. However, very few

were k illed  in  this second t r ia l .  A number of factors of possible 
pertinence to this low aerosol toxicity are being investigated. I t  may be 
noted that in tnis second t r ia l  the RH was 85 per cent, wnicn chamber tests  
have snown leads to rapid deterio ra tion of the toxicity  of aerosols of th is  
toxin.

Some further f ie ld  t r ia ls  with this toxin are planned with Suffie ld  
Experimental Station this summer.

Security Information





Security Information

10. SHEUfZSH POISONS (SS)

Sources of these toxic substances have been poisonous mussels, clams, 
and scallops. Host of the work has been done with the f i r s t  two, since 
the supply o f poisonous scallops has been too limited to allow more than 
exploratory experimentation. In  the mussels, the origin  of these toxins 
is the dinoflagellate protozoan Qonyaulax catanella. The origin of the 
toxin in the clams ia  unknown; however, a l l  chemical and physical proper­
ties and pharmacological activity indicate that the clam poison is- identi­
cal, or nearly so, to mussel poison. Some attempts have been made to 
develop methods for culturing Gonyaulax catanella to provide a ready source 
of toxic material; although considerable progress was made, the low yields  
experienced made i t  appear impractical to continue these attempts. Procure­
ment of tte poison from natural sources (toxic mussels from California and 
clams from Alaska) is  considered more economical.

The interest of the Biological Laboratories in  this poison is based 
on it s  possible synthesis for use as a new CW agent or as a BIT agent fo r  
covert ac tiv itie s . The poison nas a molecular weight of 327 and is  be­
lieved to be within the realm of synthesis. I t  is  more toxic than any 
other known poison o f low molecular weight and it s  qydrocaloride sa lt  is  
unaffected by boiling in  water and drying in  a i r .  I t  ia stable in certain  
soft drinks, ordinary chlorinated drinking water, and in  coffee.

Research on the poison has been directed toward establishing its  
structure and developing a method of synthesis. The f i r s t  phase o f th is  
work involved the iso lation  of this material in  a pure form from poisonous 
mussels found along tte California coast and from poisonous clams obtained 
in southeastern Alaska. The d iff ic u lt  problem of purification  was solved 
with the use of cation exchange resins Amberlite IR.C-50 and XE-6U followed 
by chromatography on alumina. The purity of the product has been estab- 
listed  and the Mil) determined, by intravenous in jection into experimental 
animals, to be 3 to li micrograms per kilogram of body weight.

The quantity o f purified poison available for study has been extremely 
smell and has necessitated carrying out much of the structural determina­
tions on a micro scale. In  spite of this shortage of purified  material, 
considerable progress has already been made on the chemical studies o f the 
poison. I t s  molecular formula has been shown to be C9H16N6O3CI2. The com­
pound is  optically  active and has only end absorption in the u ltraviolet  
region, which indicates the absence of aromatic or conjugated unsaturation. 
Infrared studies indicate the presence of amidic type groups and probably 
hydroxyl groups. Two t itrab le  functions are present with pH& equal to 8.0 
and 9l l . l 1. Acidic functions and carbonyl groupings are not present. The 
presence of at least one guanidine grouping in  the molecule has been estab­
lished, as w ell as the presence of an arrangement o f atoms capable of giv­
ing 0-alanine and glycine on alkaline hydrolysis.
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’ In  view of the results obtained at this time, it  appears that the 
poison must contain a heterocyclic structure involving the guanidine 
group. A large amount of additional evidence has been accumulated which 
w i l l  be more readily interpreted as larger structural fragments are iden­
t i f ie d .

Much of the tedious preliminary work on this problem has been completed 
at th is time, and the solution of the problem of it s  structure is  progres­
sing very satisfactorily . . '

a
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11. qrBtn]TNfV OF AGENTS-ACT COUEINATIONS OF AGENTS

i n v e s t i g a t i o n s
in  this program, ^ o s a s ^ ^ I ^ s ' p a t h o -

designed to reveal tia J SIS,‘ Premising leads Trhich are
eenic organisms or combine - f-.-ther laboratory investigation of a 
uncovered are then recommenced xor — tner -o o r  ,
:^ore deta iled  and d e fin it ive  n^ure.

A i i ig h ly  p a th o g e n ic  m utant s t r a i n ^ o f j h  ^ v ^ b ^ n t b -
under in vestigation , n e ios  as r g -  intraperitoneal in jection
tained. Hamsters ,re  in fectec b/ 1-10  ce ils  ^  ^  tract. Gtner

b y a p p r o x im a te ly  th e  n^ s te d  R e v e r i e s  c f  $ p e r  ce n t have been

S S s e d “ r o / i e m i ^ t r h t M  a e r o s o i i s a i i o n  o f  U q u id  s u s p e n s io n s  ox t o r s  

o rgan ism  a t  70 F and 50 per ce n t HH.

The s t r a i n s  o f  ^  ps e udoma l l e i t o  i n-

Sc^eai:St S r  v i r ^ n ”  b y ° p a s s a g e  hear
f ^ S r f a f L t i n g  d issociation , 

methods of gro*?h, and d e t o n a t io n  o f riruxence.

w h ich  vrere a v a i l a b l e  from  iVorld War I I

b . UICO BACTERIUM tueerculcsis

’ An in it ia l  irrxeetigation of the susceptibility  of mo^eys^to^an^
aerosol c f this o rg ^ iso  has i ^ c a t e ^ t . ^ ^ e c t i v i j  ^  ^  

the respiratory- route are ths^ Te core rapid in animals exposed
was the mini mal aose )dy in g . , , given sim ilar dosages in tra -
to the aerosol than they i*ere in  anim-ls given sxb-ax

venously •

c. ENTERIC CRGANISKS 

viru lence•

E n t e r ic  p a th o g e n s ,
p r im a r i ly  th e  S r ^ a ^ ,  - r e ^ t n d i e d ^ a ^

lim it e d  b a s is  i n  
was te r n in u ' 
p le t e  th e

3_95i - 52 , out the e f fo r t  at tne
.tea  a t  th e  end o f  1952 ana

tn e  p e r s o n n e l  t r a n s f e r r e d  to  corn-

development o f  o th e r  a n t ip e r s o n n e l  a g e n ts c f  h ig h e r  p r i o r i t y .

Security Information



A small e ffo rt in this area is  continuing on contract. Strains involved 
in epidemic outbreaks of dysentery in man have been collected for use in  
laboratory screening studies. A major d ifficu lty  encountered in  studies 
of the Sh igella  spp. is the lack of a good technique fo r  measuring their 
viru lence.

d. OTHER BA.CTERIA

A survey o f the literature concerning diphtheria is  underway and 
screening of Corynebacterium diphtherias w i l l  be in itiated  shortly.

e. COCCIDIGEDES TLTITIS

A large number of strains of this fungus are available for study, 
most of which have been isolated from human cases. Growth on solid soy 
bean yeast extract agar yields 2.0 -  2.5 grams of dry organisms per l i t e r  
of medium of wnich 55-90 per cent represents single spores. Itycelial con­
tent is  generally less than 5 per cent. Counts have ranged from U to 8 x 
109 spores per gram. Growth is also possible in  liqu id  culture. Storage 
stab ility  of th is  organism is  good, with liqu id  suspensions showing no loss  
in v ia b ility  fo r  periods up to 30 weeks at 25 C or U C. Aerobiological 
studies of th is organism are underway.

f . OTHER FUNGI

Histoplasma capsulatum is  being studied under an interagency agree­
ment with the Communicable diseases Center of the U. S. Public Health 
Service. Epidemiological studies have stressed the importance of the 
airborne route of infection in histoplasmosis. This w i l l  be studied ex­
perimentally in  a Henderson type exposure chamber.

The physiology and pathogenicity of strains o f Nocardia asteroides 
w i l l  be studied by a contractor, with the aerosol in fectiv ity  aspects of 
the investigation to be accomplished at the B io logica l Laboratories.

g. VIRAL AND RICKETTSIAL AGENTS

A number of viruses and rickettsiae are under consideration fo r  
screening. A literatu re  survey is  in progress and laboratory e ffo rt  w i l l  
soon begin on Rickettsia prowazeki. A few exploratory aerosol exposures 
have been performed with the virus of rabies and o f  poliomyelitis. Res­
piratory exposure of guinea pigs to more than 2133 mouse IC ID50 
rabies virus did not cause infection. Fragmentary experiments with the
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Lansine strain of poliomyelitis viriis have demonstrated that th is agent 
can infect when airborne. The aerosol stability  of this virus appears 
highest at high relative humidities.

h. TCOONS OF MICROBIOLOGICAL ORIGIN

Very active dermatitic substances are produced in  aerated liqu id  cul­
tures o f Myrothecium verrucaria. These compounds are o f low molecular 
weiffht ( 250-500) an? preliminary examination has indicated that they are 
more active as vesicants than is  mustard (^ '-d ic h lo ro d ie th y l su lfid e ). 
Characterisation of these dermatitic substances is  underway.

Certain species of the blue-green algae are believed to produce a very 
toxic substance which has caused the death, within a few minutes to 2k nours, 
of ar^ma1 s drinking water from heavily contaminated lakes. A contractor is  
collecting various species of these toxic algae and investigating the po­
tency, s tab ility , and other properties cf tae toxins which these algae pro­
duce.

i .  COMBINATION OF AGENTS

An active screening program is  underway botn at the Biological Labora­
tories and with two contractors. Examples of both antagonism and synerpsm 
have been found. As an illu stra tion  of the former, i t  has been noted that 
guinea pigs infected by Brucella suis are more resistant to infection by 
Coxiella burnetii than normal guinea pigs. As an illu s tra t io n  of^tne la  -  
ter, it~has been~observed that exposure to aerosols of influenza virus 
appears to render the host more susceptible to agents such as Coxiella  
burnetii or psittacosis v irus.
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B. ANTIANIMAL AGENTS

1. GENERAL

The discussion of antianimal agents has been divided into 
two categories, offensive and defensive, Aithin these categories 
the order of ccements on agents is  identical with the order o f 
p rio r ity  of the Sixth Program Guidance Report of the Committee 
on Bit, RDB. Laboratory fa c ilit ie s  for work on diseases of large  
animals are not yet available at the Chemical Corps B iological 
Laboratories; such fa c ilit ie s  are now scheduled for completion 
in  early 1955. The present BV/ program in  the antianina l  f ie ld  is  
being carried on primarily by contract.

I t  should be recognized that existing regulations o f the Bur­
eau of Animal Industry prevent introduction into the United States 
of the causative agents of certain exotic diseases. Preliminar y  
discussions with that Bureau have-indicated that permission w i l l  
be granted fo r  the study of these diseases in the above-mentioned 
fa c i l it ie s  •which are now being constructed at the B iological Lab­
oratories. Meanwhile, an active and productive project is  being 
carried on in Africa with the cooperation o f the Department of 
Agriculture and the m ilitary services fo r the study of rinderpest 
and African swine fever.

a . RINDERPEST (including virus diarrhea of cattle )

Only one immunological type of this exotic disease (Rinder­
pest) is  known. A strain has been found which was demonstrated to 
be so virulent and contagious that isolation, fa c i l it ie s  successful­
ly  used in  rinderpest research fo r  20 years proved inadequate to 
contain th is strain. Research has been resumed in  new fa c i l i t ie s  
made available in A frica in  May 1953* The only source o f the virus 
is  tissue from infected bovine. This agent can be stored fo r  a 
year in the frozen state. It  loses about 1 log of t i t e r  in  lyo— 
ph ilization . Cattle may be infected by respiratory or o ra l routes. 
L it t le  quantitative data are ava ilab le . •

Virus diarrhea of cattle is  believed to be without offensive  
significance.
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b . FOOT-AiO-i&GUTH DISEASE (including vesicular stomatitis and
vesicular exanthema of swine)

A l l  foot-and-mouth disease research has been made the mission 
of the Fort Terry fa c i lity  to be operated by the Bureau o f Animal 
Industry under contract to the Chemical Carps.

Vesicular stomatitis virus is  known to occur in  two immuno­
log ica l types, and can be produced in bovines and in  embryonated 
eggs. I t  stores w ell either frozen or lyophilized. No data are 
availab le  concerning routes of infection, dosages, or quantity 
production.

Vesicular exanthema virus is  known to occur in four immuno­
log ica l types. I t  can be produced only in the ep ithe lia l tissue  
of liv in g  swine. No production data are availab le . Virus preparations 
are known to withstand lyophilization or wet storage for over a 
year at 5 C, but no quantitative data are ava ilab le . The virus is  
probably infective by the ora l route.

c. RIFT VALLE! FEVER

No fa c i l it ie s  have been available fo r  research on this exotic 
disease. Spread among animals seems to be entirely  dependent upon an 
insect vector. L itt le  is  known about the range and habits o f th is  
vector.

d. VENEZUELAN EQUINE ENCEPHALCMELITIS

Data have been obtained concerning production and e ffect on 
animals, including horses. Please re fe r  to the report on th is virus 
under Antipersonnel Agents, Section U A .

e. OTHER ANIMAL DISEASES

(1 ) African Swine Fever

No fa c i lit ie s  have been ava ilab le  fo r  work on this exotic d is­
ease; however, i t  is  hoped to begin work on i t  in Kenya in  FT 1954. 
To a large extent, the experience gained with the virus of hog chol­
era may be applicable in the development of th is agent.

The literature  suggests that the virus may mutate spontaneous­
ly  in  a single animal passage to any one of a number o f immunolog­
ic a l types. The source of virus i s  the blood of infected swine. In 
this form it  is  said to be extraordinarily  stable at 5 or 20 C and 
can be lyophilized. This virus is  infective by the oral route.
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(2 ) Hog Cholera

Cne immunological type is
various aberrant strains 
classic have been studied..

aj. _  generally recognized, _ although
showing partia l cross immunity with the

the blood of in fected twine<The source of the virus is  tne oxoou 
_ ______ : am reciable loss in  t i t e r  lo r  1  yhas been stored without appreciableI t

at -25 C in  the frozen staue and at 4 C in  the iyoph ilized state.

I t  loses about 1  log during lyoph iliaation .

The vim s has been infective in  small doses by
jr a l  routes.
L.CP MID ( subci

l a .  ' b - i - y - t -

as 1000 LUO.

; ^ . haSD̂ e? i ^ s efedVin  pellets has infected in

£ S  5  “ **•____ _nfwt.wi in doses of aoout 10^ NH). ,

(3 ) New castle Disease Virus

_ _  im munological type i s  know although d iffe ren t

ix^ vQiy  greatly stored without loss
be proaucea in  embryonateu nen s eg6  ̂ x f

Cnly one 
strains vary, 
raav^ay uC F - u u r r .  C~~ar l v o p h i l i z e d  and h e ld  a t  U C . l y o p h i l i a a t i o n  
wnen ir o z e n  a t  30  ̂ o r  iy  p . . .  The has oeen

s s a r a s s i B r & i  ~ i i s s « 5 S - .  
- r s a & i s s r r s s :  — d i  » « .  *  «*.

In tim a tio n s  o f dose cannot be made.method.

(4 ) Fowl Plague

I]o research has ceen condu 
According to  the lite ra tu re  ^>nly 
Some strains are 
be grown in  «

cted wit.: th is exotic disease
immunological type is  known.

ectremelv v iru len t and contagious 
iinbryonated eggs, and wet preparations

The virus can 
are said to have

u s u a l ly  good r e s is t a n c e  to  s to ra g e  a t
iz e d .  I n f e c t io n  i s said to occur by

5 c . I t  is  read ily  lyo p h il-  
he o ra l route, but i t  can oe

assumed by the resoiratory rouie as w ell.

(5 ) Glanders

yo fa c i l i t i e s  have been a v a i l a b l e  f o r  la r g e animal
small

anim als have been.
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f . In addition to the investigations of agents, contract work 
"has been done on the use of pellets for dissemination of agents. 
These studies have led to the development o f a food pe lle t which 
is  acceptable to cattle , sheep,-swine, and. horses.

A good rate o f pickup in  1 to 4 days was found with this  
pellet in  a l l  seasons of the year, on a variety of pastures, 
when the concentration was 1 pe llet per 2.5 acres.

3. D3PEK5I7S

(1 )Foot-and-Mcuth Disease (See comment under Offensive, above)

I t  is  of great importance to distinguish rapid ly  the 
occasional outbreak c f vesicular stomatitis from the rare and 
dangerous Foot—and—Llouth disease. Useful developments in  diag­
nosis include neutralization tests in embryonated eggs, a comp­
lement fixation test , and a vaccine fo r immunization o f laboratory  
animals.

Vesicular exanthema may also be confused with Foot—and— 
Houth disease. No vaccine or usefu l diagnostic aids have been 
developed, although complement fixation  tests may have some prom­
ise .

2) Rinderpest

An e ffic ien t k illed  vaccine incorporating an adjuvant 
has been developed. This vaccine can be stored fo r  at least 7 
months at 4 C or -30 C. Solid  insnunity fo r at least 9 months is  
conferred by a single 2 ml subcutaneous in jection, a dose l/30 
the size of sim ilar vaccines previous iy  used. Promising resu lts  
have been obtained on a complement fixation  test fo r  early* diagnos­
is .

(3 ) Fowl Plague

No research was conducted during the past year on th is  
disease. Neutralization and hemagglutination tests are ava ilab le  
fo r diagnosis. K illed  and attenuated vaccines have bem developed 
but not perfected.

No research was conducted during the past year. There i s  no 
serological diagnostic test, treatment, or vaccine.
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(5 ) R ift Valley Fever
’ v * *

No research vas conducted during the past year. Neutral­
ization  and complement fixation -tests are available fo r  diagnosis.
An effic ien t vaccine has been produced commercially in  South A frica. 
A Rockefeller Institute team is  preparing to resume investigations.

(6) Hog Cholera

Methods of control of this disease are established. Com­
mercially available vaccines and sera are generally e ffic ien t  
prophylactics.

(7 ) Newcastle Disease (See comments under Hog Cholera, above)

(8 ) Venezuelen Equine Encephalomyelitis

Studies are continuing on the epidemiology and particularly  
on the role of insect vectors. A k ille d  vaccine suitable to product­
ion is  available.
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[ABIii I I .  DWEUIPU.OTAL STATUS OFANTICHOP ABBOTS

a  i / o

/ ? r z o v c c A i S " ' " - 0

I
Screening Laboratory Phase Pilot i'lant Pliase Standard Types

Various chemical agents Fluorophenoxyacetic
acids

l P iricu laria oryzae Puccinia graminis 
t r i t ic i  (TX)

Sclerotinium oryzae Ualeic hydrazide Helminthosporium
oryzae

Butyl 2 ,4-
Dichlorophenoxyacetate
(LNA)

Sclerotinium
sclerotinium

Helmintl lospor ium 
3PP,

Fusarium spp. 

P iricu laria  spp. 

PhvtoPhtfaora .spp.

N-4-chlorophenyl- 
N',N'-dimethyl 
urea

■

Phytophthora
infestans

Puccinia graminia 
secale

Isopropyl-N-
phenyl
carbamate

Butyl 2 ,4 ,5 -
trichlorophenoxy- 
acetSta(LNB)

•»

Soybean bud 
blight virus

Tomato ring 
spot virus

White tip  nematode 
o f rice V*>0»
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C. ANTltBCP AGENTS 

1. BUSTS OF CEREAL CBCPS

The stem rust of wheat has been adopted as a standard-type 
anticrop agent. This agent is  an obligate parasite and must, . 
therefore, be produced on susceptible host plants. As o f 1 Apr 
1953 , *  quantity of agent was on hand containing approximately 
400 pounds of v iab le  spores. Within the past few months th is  
stockpile has been tr ip led , resulting in a supply o f agent suf­
fic ient to meet present USAF requirements. Production is  cont­
inuing at two s ite s .

The stem rust of rye is  under consideration fo r adoption 
as a standard type anti crop agent. As o f 1 A p ril 1953, a 
quantity of material was on hand containing approximately 2,200 
pounds'of v iab le  spores. This amount w il l  be increased to a 
limited extent as a result of sunnier operations. Production 
this winter (1953-1954) w i l l  be carried out at two s ite s . The 
present stock is  equivalent to about 67 par cent of present 
USAF requirements. I t  is  expected that su ffic ien t additional 
agent w i l l  be produced this coming year to f u l f i l l  completely 
this requirement. '

the
The production of these rusts is/responsib ility  o f Edgewood 

Arsenal, with technical direction furnished by the B io logical 
Laboratories. A manual of procedures to be used in f ie ld  
production o f rust spores has been prepared by the B io logical 
Laboratories and kept current. This manual i s  used as 
guidance to the commanders of the various production s ites .

During the past year some 1980 grams of wheat stem 
rust and 1902 grams of rye stem rust spores have been pro­
duced in the greenhouse fo r  use as inoculum by the f ie ld  
production group, fo r  storage and surveillance te s ts , fo r  
experimental f i e ld  te sts , and fo r  use by contracting agencies. 
Techniques have been improved to the extent that yields at 
present approximate 10 grams of spores per 100 pots as 
compared with 3.5 per 100 pots in 1951.

Contamination o f f ie ld  harvested rnfct spores with 
saprophytic organisms and le a f rust, and the serious reduction 
in yield of rust -caused by bacterial infection o f rust pustules 
has necessitated a study of factors involved in  producing rust 
under dry-land farming where rust is not endemic. Low 
humidities encountered in  arid  or semi-arid regions make the 
in itiation  of in fection  d if f ic u lt .
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Studies leading to the f ie ld  evaluation of inoculum 
in  terms of the amount of infection resulting from a given 
density of inoculum applied over 2a selected area at present 
are receiving considerable attention. Data obtained in  f ie ld  
experiments in  1949 indicated that adequate infection would 
develop following the application of inoculum at the rate of
0.1 gram per acre. The adequate prediction of the e ffects o f an 
attack with this' agent, however, necessitates a more thorough 
study o f the problem to determine (1 ) the amount of infection ' 
that would result from a given dosage, (2 ) the amount of spread 
that could be expected from an in i t ia l  infection locus, and
(3 ) from this the reaction between the size  of in i t ia l  lo c i o f 
in fection and the spread that would resu lt , and (4 ) the correlation  
of the above three points with the meteorological conditions and 
status o f crop development. Quantitative data on such matters 
are extremely d iff ic u lt  to obtain. Surprisingly enough, despite 
the long period during which this disease has been an important 
factor in  rtieat production, l i t t l e  or no such data ex ist.

2. HEDUNTHOSPORIUM QRYZAE 

(BROWN SPOT DISEASE OF RICE)

Cultures o f Helmi nthosoorium spp. obtained from a l l  
possible sources are being screened fo r  pathogenicity.

Maximum sporulation was obtained on sorghum grain  
alone in  continual darkness at 23-29 C. An in i t ia l  moisture 
content o f the grain above 72 per cent inhibited sporulation. 
Sporulation increased with increasing rates o f aeration up 
to the maximum rate used; with no aeration, no spores were 
produced. The shape of the culture vesse l should be such as to  
provide ma-Hmum surface area. '.?ith su ffic ien t aeration sporulation  
w il l  continue indefin itely ; but, fo r  most e ffic ien t use o f space, 
harvests should be made after 10 to 14 days.

Mycelium produced on a yeast extract (0 .5 per cent) 
and dextrose (2 per cent) medium can be washed, dried and 
ground to produce fragments approximating spores in  mass and 
having a v ia b ility  of about 10 per cent. Vigorous aeration o f 
the medium on a shaker was essentia l fo r  maximal y ie lds.
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A modified version of the standard f ie ld  harvester has 
been developed and used diring_the winter production program. 
Present work with harvester design is  largely  directed towards 
determining (1 ) the efficiency of present equipment, (2 ) 
methods o f increasing the efficiency o f the a&chines, and 
(3 ) whether a change in the design of the pickup heads w i l l  
result in  larger harvests.

The most urgent problem to be met at the present time 
is  that of increasing the longevity o f rust spores. The average 
piont.h 1 y rate o f decay of v iab ility , calculated on data obtained 
approximately 8 months storage, has been 5.35 per cent per 
month. (Average h a lf - l i fe  of 9.3 months). Decay rates vary 
from 1.4 to 10.8 (h a l f - l i fe  36 and 4.6 months, respectively).
No consistent correlation has been found between any single  
factor and the v iab ility  decay rate. In general, the purer 
product has had the lowest decay rate. HAterial has not 
maintained w ell when obtained from plants growing poorly 
or from those on which rust pustules are badly attacked with 
the bacterial parasite of rust. A change in  processing 
prodedure■appearsdto o ffe r  some promise. Spores normally 
have been dried to approximately 10 per cent moisture content. 
When they are dried to a moisture content o f approximately 
2—3 per cent and not subjected to temperatures below freezing 
( i . e . ,  by too rapid drying), they w i l l  germinate w ell a fte r  
a period of rehydration in  a saturated atmosphere. Results 
of assays made 60 days a fte r  such drying have shown a decay 
rate o f less than 2.0 per cent per month.

The infection efficiency ratio  ( i . e . ,  the number of 
pus tills s developing per 100 viable spores deposited), has 
been found to average approximately one. There is  a 
considerable variation in  the value o f  this ratio  from 
experiment to experiment, indicating that a higher ratio  
is  fb l ly  possible. The number of pustules developing on leaves 
(under controlled conditions) has been found to be proportional, 
to the density of spore deposition. The v ia b ility  of the 
inoculum is  affected markedly by the treatment the spores 
received during processing and by the treatment plants receive 
prior to and after inoculation. The germination of lew 
moisture (2-3$) spores on plants approximates that which 
occurs a fte r  rehydration, but appears to be slower than that 
of spores not dried below 9-10 per cent moisture. Assays 
made a fte r  periods o f high sunlight indicate that much more 
infection i s  obtained under such conditions than when the 
light intensity is  low during the preassay period. Thus, 
i t  appears that the preconditioning o f  the host plants is  
an important factor in the amount o f in fection which develops.
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A modified rice-polisher was the most effective method 
o f harvesting spores from dried” grain-substrate. The product, 
when mixed with ta lc , was a readily  dispersable powder con­
taining 6.5 to 9.2 x  10® spores per gram (pure spores equal 
43 x  ID® per gram) with a v ia b ility  o f 95 per cent. To 
obtain mycelium, the liqu id  cultures were f ilte re d , the mat 
washed thoroughly and dried overnight at 95 F. Before use the 
dried material was ground to pass a AO mesh screen. Yields 
from Fernbacn flasks averaged 9*1 gms. dried mycelium per 
l i t e r  of medium.

Storage of the organism poses no problem. Spores and 
mycelium nave retained a high v ia b ility  (95 per cent) fo r one 
year at 8 C, and the v ia b ility  o f spores, even without 
re frigeration , has not decreased appreciably.

Differences between isolates could be detected in the 
greenhouse to the extent that the type o f in it ia l  infection is  
d ifferen t. Sufficient incubation fa c i l it ie s  have not been 
available to determine differences* in  lesion development. The 
mycelial preparations give only poor infection under greenhouse 
conditions.

The f ie ld  tests o f 1952 were the f i r s t  ones a fter the« 
reactivation of the project. The resu lts were inconclusive but 
served to evaluate the various sites aid to point up the specific  
problems involved. Erom the results obtained i t  was concluded 
that (1 ) work in the future w i l l  be concentrated at Texas and 
Florida, (2 ) a more pathogenic iso late  is  needed for effective  
use, and (3 ) more information is  needed concerning the conditions 
required fo r infection.

Fpor isolates of He]minthosporium app. , more virulent 
than the strains of H. oryzae formerly used, have been obtained 
by iso lation  from rice seed from Manchuria, rice seed from 
Texas, andunidentified plant at Camp Detrick, and from a 
culture o f H. oryzae No. 29 that had received u ltra -v io let  
radiation. Four species of Helminth os porium. hitherto, not'known 
to attack r ic e , have been demonstrated to be pathogenic.

Preliminary tests haye been made with Sclerotj n-mtn 
oryzae and Fusarium moni 11 forme as agents or auxiliary  agents 
against rice . The la tter shews some promise as a further means 
of destroying the panicle.
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3. PIBICPLARIA OHYZAE 

(BLAST DISEASE OF RICE)

P iricu laria  oryzae can be cultured read ily  in the labora­
tory in  a variety o f media. There is  considerable difference  
among isolates with respect to sporulation, colony type, rate 
of growth and stab ility .

The general principles o f p ilot plant production of this 
organism have been worked out. The mechanics o f culture con­
t r o l  and inhibition of contamination need considerable attention 
to make such operations re liab le .

Sporulation o f the organism is  considerably increased 
in ligh t with maximum sporulation at 200-$00 foot-candles.
Low humidity suppresses sporulation as does a saturated 
atmosphere. Approximately 80 per cent RH appears optimum fo r  
sporulation.

A natural epidemic of P iricu laria  spp. completely k illed  
a plot of Zenith rice in F lorida during the summer of 1952.
This was the f i r s t  time that th is disease was seen in epidemic 
proportions in the course of this project. Other varieties were 
damaged severely but recovered su ffic ien tly  to y ie ld  some grain. 
I t  may be possible, by working in  Florida, to overcome one of 
the most severe handicaps which has confronted the work with 
th is agent, that of inadequate f ie ld  testing s ites .

A program haa been started to obtain, by collection and 
by induction o f mutants, strains o f the organism with a wide 
host-variety range and good epidemiological characteristics.
Two mutants have been obtained which show some improvement over 
the parent strains. ■

4. ./HITE TIP MKMATnnF. of rtcf.

A survey of literature and some preliminary work has 
indicated that the "white t ip " nematode of r ice  has some pro­
mise of being useful as an agent against r ic e . Methods o f 
culturing the organism havfe been worked out and i t  would appear 
that such methods could be adapted to large scale operations

Security Information



Security Information

fo r  production purposes. The'nematodes can be stored fo r  
re lative ly  long periods of time i f  kept moist. The problems of 
large-scale storage would haverto be studied. The nematode is 
generally distributed in  many rice growing areas. The conditions 
under which they multiply rapidly and cause significant yield  
reductions need to be determined. - '

5. PKTTOPHTHBRA INFESTAKS 

(UTS BLIGHT DISEASE GF POTATOES)

Sporangia of Phytophthora infestans are re la tive ly  
fra g ile  and susceptible to desiccation and concurrent loss of 
v iab ility . The d ifficu lty  in  handling sporangial suspensions 
led to the development o f a pelletized substrate throughout 
which the organism would grow and form sporangia. I t  was 
envisioned that these p e lle ts , when'dropped into' a target 
area, would absorb moisture, resume growth and produce 
sporangia on the surface of the pe lle t. These sporangia in turn 
would be carried on a ir  currents to susceptible plants and 
in itiate  infection. No fie ld  tr ia ls  were made prior to the 
cessation o f work on the project in  1945.

a thorough evaluation of these pellets made a fter the 
projects was reactivated in 1951 showed that actually no new 
sporangia were formed on the surfaces of these pellets under 
f ie ld  conditions. This was attributable large ly  to the rapid 
rate of drying which occurred when pe lle ts  were exposed to 
sunlight and to  the fact that the pe lle ts  are quickly over­
grown with s o i l  fungi. Infection of potato plants could be 
obtained, however, when pellets were crumbled and the fragments 
distributed over the fo lia g e . The amount of infection obtained 
was re la tive ly  low, but the principle appeared to have consi­
derable promise. Consequently, the present research program 
is  directed toward the study and development o f the fragmented 
pellets as a means of disseminating the late b light pathogen.

Severe infection from sporangial suspensions occurred 
in less than 6 hours when adequate moisture was present on 
the plants. Pe lle t inoculum was slower acting and required 
several additional hours bo in itia te  comparable infection.
This corresponded roughly to the difference between the time 
required fo r  zoospore formation (89 per centat 4 hours) and 
direct germination (23 per cent at 12 hours). Maximum 
infection resulted when inoculum was stored at 20 C prior to use.
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Deviations from this temperature resulted in  an increase in  the 
.required incubation period and^some reduction in  amount o f in­
fection. A sh ift  in  type of germination from indirect (zoospores) 
to the direct germination appeared to account fo r  th is e ffect.
The rate and amount of direct germination was markedly altered  
by b rie f exposure of sporangia to temperatures o f 40 C. Certain 
adjuvants rad ica lly  changed the type of sporangial germination.
Two percent peanut h u ll extract prevented ind irect germination. 
Such results suggest that the original inclusion o f peanut hulls 
in  the pellet composition may have been detrimental in  that i t  
prevented the rapid indirect germination.

Contrary to commonly accepted views, in fection  and spread of 
la te  blight occurred when the only moisture present was that sup­
p lied  by nightly deposits of dew, demonstrating that while benef­
ic ia l ,  i t  is  not essential to have long rainy spe lls  to insure 
spread of la te  b ligh t .

Strains o f P in festans d iffe r  with respect to the rate of 
germination, rate o f infection, rate of lesion  development, rap­
id ity  of sporulation, reaction to host variety resistance, heat 
tolerance, and resistance to desiccation. Iso la tes  are being 
collected from a l l  available sources to study the extent of the 
differences between strains and to build up a co llection  of the 
most effective iso lates  possible.

6. pl .u :t m u s  diseases

The mechanics o f in itiating infection o f plants by viruses 
constitutes the major problems in the development of plant viruses 
as 37 agents and is  receiving the major attention on th is project.

Early attempts to establish infection by u t iliz in g  the var­
ious types of mechanical in juries to which plants are normally 
subject have resulted in  only a low leve l o f in fection .

7. nm-Tp.-j. aktichop agents

Butyl 2,4-dichlorophenaxyacetate (LNA) and butyl 2 ,4 ,5 - 
trichlorophencocyacetate (1113) have been c la s s if ie d  as
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standard-type BW anticrop agents fo r  use against broadleaf 
crops. A large capacity spray system fo r  B-29, B-50, and C- 
119 a ircraft has been constructed and tested satis facto rily  
by the USAF. One hundred of these units have been procured.

4-Fluorophenoxyacetic acid and 4-fluoro-2-methylphenaxy- 
acetic acid appeared very promising against r ic e , substantial 
y ie ld  reductions resulting from applications o f 0.1 lb/acre 
or less.

Maleic hydrazine, at 0.25 lb of active ingredient per acre, 
produced substantial yield reductions of wheat and rye, but 
improvement in formulation is  desirable.

Isopropyl N-ohenylcarbaoate and isopropyl N-(3-chlorophenyl)- 
carbaraate do not appear su ffic ien tly  effective to be employed 
as strategic anticrop agents but may have a place in tactical 
uses.

N—A—chlorophonyl—N' ,  N '—dimethylurea produces substantial 
y ie ld  reduction of rice and kaoliang at 0.5 lb/acre or less .

Additional compounds o f promise have been uncovered 
by primary screening and are being further investigated.
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D. FRpTECnaJ

1. DETECTION

The detection problem in Bf has been a particularly  d if f ic u lt  one*
The low concentrations of Bf aerosols and the fact that Bf particulates 
lack any unusual physical or chemical properties make them extremely d i f f i ­
cult to detect and identify* I t  was recognized early in the program that 
there are at least three distinct aspects to this problem. The f i r s t  is  a 
requirement fo r  a rapid warning cf the presence of Bf aerosols so that pro­
tective measures can be taken promptly. The second is  a need fo r  careful 
sampling of the aerosol, maintaining v iab ility  of the organisms collected. 
The third problem is  that of precise identification of the agent used. 
Sampling is ,  o f course, necessary before identification can be made.

The f i r s t  of these problems is  the most d if f ic u lt  technically. Bf 
aerosols are composed cf particles averaging somewhat larger than one mi­
cron in size . They are organic in  nature, consisting largely o f simple 
proteins, and are v iab le . Normal oir_usually contains particulate matter, 
most of which is  apt to be inorganic and nonviable; but, almost always, 
some proteinaceous matter and viable microorganisms are present. Moreover, 
i f  the purpose of a warning device is  to t e l l  one when to take protective 
measures and when to sample, it  must work quite rapid ly fo r  BIT aerosols 
can in fect very quickly and are usually of short duration. Very precise 
particle counters, based upon photoelectric and sonic principles, have been 
developed and are under test to see i f  changes in  the partic le  d istribution  
in  the atmosphere can serve as a warning. This approach is  the least 
specific and most influenced by normal atmospheric interferences, but it  
is  also the simplest approach and cannot be overlooked, Metnods based on 
a rapid determination of the protein content of the a ir  in  particles under 
1$ microns in size are more specific , and chemical, co llo ida l, spectro­
scopic and.polarographic methods of doing this are under intensive study. 
Correlative studies are also underway on the normal protein "background" 
of the atmosphere and on improved sane ling techniques. The polarographic 
technique has progressed to a point toat i t  is  desirable to construct 
prototype automatic f ie ld  devices based on this princip le. More specific  
and mare complicated techniques under study involve direct observation of 
microorganisms on membrane f i l t e r s  or under u ltrav io let microscopic devices.

Work on the second problem in  Bf detection, that o f sampling, is  much 
further advanced. A f ie ld  sampling k it , the E25&1, is  w e ll along in de­
velopment and is  illu strated  in  Figure D -l. The basic element of tn is kit 
is  the Membrane F ilte r , f i r s t  developed by the Germans in  World War I I ,  
but greatly improved and made available under B iological Laboratories 
contracts since that time. (See page 52).
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* There are two approaches to ..the third problem in  BfT detection, 'which 
is  identification  of the organisms used. One approach has been to turn 
to physical techniques, by far the most promising of which has been the 
use o f infrared adsorption spectroscopy which appears to give unique re­
sults fo r  different species of bacteria. Instrumentation is  available in  
this f ie ld ,  but the task of studying the adsorption spectra of is  many 
microorganisms as possible under a variety of conditions is  a laborious 
one -which has been underway now far some time at the Biological Laboratories, 
in the laboratories of two of our contractors, and at the British Microbio­
log ica l Research Department at Porton.

The second approach to identification l ie s  in  simplifying, improving, 
and in  particu lar, speeding up the standard b io logica l methods long used by 
microbiologists. To that end programs are underway both in  the Biological 
Laboratories and under contract, with most progress being reported in  sero­
log ica l reactions and lysis  by specific phages. The application of these 
two techniques to the identification of B9f agents in  mixed cultures would 
obviate the need fo r obtaining pure cultures.

2. VUIUERABIIITT

The vu lverability  program was set up two years ago to study the hazard 
to personnel under BUT attack in  various target areas and to determine what 
magnitude of physical protective measures must be taken fo r  their safety. 
The work done under this program largely  involves fie ld  studies using simu­
lant BW agents.

Tests at Port Hueneme, California, showed that a simple wooden build ­
ing could be made into an effective Bff shelter u t iliz in g  forced a ir  pas­
sing through an E35 collective protector unit, i f  as l i t t le  as 0.01 inch 
positive pressure d iffe ren tia l existed within the building. The aerosol 
contaminated the terrain outside the building to an extent of 5,000 organ­
isms per square inch, but no dangerous secondary aerosol was raised when 
21 men marched about over i t  for 30 minutes. Only when the terrain  con­
tamination was raised to around 30,000 organisms per square inch was a 
potentially dangerous aerosol created by the marching men. I t  was also  
found that personnel exposed as long as 15 minutes to a primary aerosol 
of 500 organisms per lit e r  did not produce a dangerous secondary aerosol 
when they removed their clothing in  the outer a ir  lock o f the build ing.

Tests at Camp LeJuene showed that the X-1950 Shower Bath Unit was 
effic ien t in  reducing skin contamination to a minimum on human subjects.

Other studies done ea rlie r  in  th is f ie ld  have concerned themselves 
with vu lnerability  of personnel in  naval vesse ls , at a ir  bases, and in
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large c it ie s , and with the protective effect of clothing and shelters,

3- DECONTAMINATION

The group working on BIf decontamination has in the past concentrated 
its  e fforts on a screening program far new decontaminating agents, evalu­
ating in the laboratory and in  the f ie ld  promising agents uncovered in this 
program, and in  investigating the basic principles involved in decontamina­
tion or disinfectant processes. Prior to this f is c a l  year, emphasis has 
shifted from laboratory investigations to the development of defin ite end- 
items fo r use ty the vario. s services.

Ethylene oxide, the f i r s t  promising material to arise from the screen­
ing program, is  the decontaminating agent furthest along in  the program.
I t  was recommended fo r  standardization in 1951 as tne pure compound, sealed 
in glass ampoules, fo r use in the quartermaster Carps aelousing bag or the 
Chemical Carps vapor-proof sack. The Cml C Engineering Agency is conducting 
the fin a l engineering tests and writing the specifications on this item. 
Other methods fa r  the practical application of this compound are s t i l l  under 
investigation. I t s  use under gas-proof tarpaulins to s te r iliz e  material in  
bulk has been demonstrated as feasib le , tarpaulin construction has been 
studied, and a su ffic ien t number of large tarpaulins of satisfactory d e s i^ ^  
have been procured to permit extensive f ie ld  testing of this procedure.
The flammability o f ethylene oxide has hampered i t s  use and is  the main 
reason wty the E-7 Ettylene Oxide Ampoule is not yet standardized. The 
commercial mixture of ethylene oxide and C02> Carboxide, is  not inflammable, 
but d ifficu lt ie s  arise from the high vapor pressure of this mixture and it s  
low concentration of ethylene oxide. "Jithin the past year i t  has been 
shown that mixing i t  with Freon 12 results in  a non-inflammable material, 
even with a 19 per cent ettylene oxide content, and the vapor pressure of 
the mixture is  such that i t  can be packaged in  a variety  of lig h t  metal 
containers* This development w ill  permit safe handling o f ethylene oxide 
in much simpler equipment, and i t  is  being actively followed.

Considerable progress has also been made this year in  the use of f  or- 
naldetyde as a decontaminating agent. An intensive survey has been con­
ducted, under contract, of the best type of dispenser fo r  liqu id  formalin, 
and considerable insight h»s been gained on methods of preventing, or over­
coming the annoying residue of polymerized formaldehyde le f t  behind on ex­
posed surfaces follow ing treatment. Small aerosol bomb-type dispensers 
fo r formalin have been developed and are under evaluation.

Ethylene imine and ^-propiolactone, two highly e ffective  compounds 
uncovered in  the screening program are both under intensive chemical 
evaluation, with a view towards their possible inclusion in  end-items.
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Th6 screening program is  continuing, with special attention being given 
to fluorine and carbonyl-containing compounds.

As much of the activity of the decontamination group has been spent 
in developing specialised procedures as has been in  uncovering new decon­
taminating agents or designing new equipment. During this year a series 
of B io logical Laboratories Interim Reports on "Principles and Practice 
of Bff Decontamination" was in itia led , summarizing experience to date on 
particu lar applications, and reporting on new developments in  the f ie ld .

U. PHYSICAL PROTECTIVE DEVI CBS

The Biological Laboratories are not charged with the development of 
masks, hoods and protective clothing, other than specialized items worn 
by our own personnel in  certain hazardous tasks. The Chemical and Radio­
lo g ic a l Laboratories of the Chemical Corps design such items for their 
general troop issue, effective against a l l  CBAR agents, as do certain  
groups in  the other services. The Biological Laboratories evaluate these 
items fo r their efficiency against aerosols during the development pro­
gram. These evaluations are done both in  the laboratory and on human sub­
jects in a large chamber in the presence of an aerosol o f simulant BV 
agents.

In  the past year, a comparative study was made on the re lative  aero­
so l permeability of poplin, sateen, and HBT fabrics , which did not d if fe r  
sign ificantly  from'one another. Many other items of regular issue cloth­
ing, Amy, Air Force, Navy, and Marine, were also evaluated; in  general, 
a l l  offered good skin protection, particularly when two layers o f fabric  
covered the skin in a l l  areas.

The main problem in 3H protection is  respiratory, not body protec­
tion. A one part per m illion aerosol reduction has been accepted as a 
goal in  this f ie ld  by T ripartite agreement. The M il canister has an 
efficiency of one part per 100,000,000. The standard M9A1 mask which uses 
this canister, however, is  effective on the average only to about one part 
in  20,000, giving good, but not ideal protection. Many experimental masks 
were evaluated during the past year including the S51R3 and the E51R15 non­
combat masks, the E52R18 c iv ilia n  mask, the E2 and S3 infant masks, the 
E1CB2U and the ElljR2 fie ld  protective casks, the S$6 tank crew mask, and 
a new navy shipboard mask, none o f which quite achieved the desired goal, 
but the majority of which s t i l l  offered good protection. During the same 
period, Chinese, Czechoslovakian, East German, French, Swedish, and 
Russian masks were tested. A l l  except the French musk f e l l  below American 
prototypes in  performance.
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$. SAFETY

For the f ir s t  tine, i t  ncnr appears possible that ST occupational 
infections among laboratory and p flo t  plant personnel may be reduced to 
the vanishing point. In the few buildings which have been fu lly  equipped 
with the latest type safety features and devices designed within the 
Biological Laboratories, infections over the past year have been absent 
or neg lig ib le . Such equipment is expensive and can be installed  in  ex­
istin g  laboratories only after elaborate modification. The new fa c i l i t ie s ,  
discussed in Section I U  of this report, with latest safety design incor­
porated in  them w ill  offer a much safer environment fo r  laboratory person­
nel. The influence of the introduction o f ventilated safety cabinet systems 
which f i r s t  began in  1951, is  probably the deciding factor in  a 33 per cent 
decline in  occupational illnesses in the present f is c a l year from the peak 
in  FI 51.

In  addition, continued progress in  the development of fib re -g la ss  a ir  
f i l t e r s  makes i t  seem possible that in  some situations a ir  f i lt ra t io n  of 
laboratory exhaust a ir  may replace incineration, witn significant savings 
of money.

Slcyees are now receiving 10 vaccines and 6 skin tests. More than 
_  . oyees received a l l  of these. A new anthrax vaccine developed in

the B iological Laboratories is  included in  this test and has now been ad­
ministered to several hundred persons without untoward resu lts. Research 
efforts towards combining vaccines is  progressing. I t  is  interesting to 
note that among the recent laboratory infections several occurred in  im­
munized persons. There was one such case with antnrax, 10 with psittacosis  
and L with Q fever which required hospitalization, indicating that the im­
munity provided by vaccination may be overwhelmed bv sufficient dosage.
This demonstrates that adequate physical safety features, such as the ven­
tilated  cabinet systems previously referred  to, w i l l  s t i l l  be required 
even in work with agents fa r which good vaccines are available. The screen­
ing program fa r  new agents recently instituted, and the sh ift of emphasis 
from debilitating to lethal agents in  the laboratory program again empha­
size the need fo r  an adequate safety program and continued study oh new 
safety devices.
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E. DISSBJI NATION

1. BCUB. BIOLOGICAL. 4 - lb . .  M114

The 1TI14 bomb, figure 1*, is  a standard-type explosive munit­
ion fo r  disseminating liqu id , bacterial a g e n t -f i l l .  The boob was 
in it ia l ly  conceived and tested fo r  disseminating spores. However, 
the standard-type AB-1 f i l l ,  containing the vegetative organism 
Brucella suis, is  an authorized a g e n t -f i l l  fo r the i£114.**

The f i l le d  munition weighs 4.2 lb  and is  cy lindrica lly  shaped, 
about 21jj in . long and 1-5/3 in . maximum diameter. An 10.74 a ir ­
arming, inpact, nose fuze in itiates an explosive charge of lo 6 gm 
of te try l contained in a central burster tube. The volume of agent 
f i l l  is  320 ml. One hundred and eight Ml 14 bombs are loaded into  
an 500- lb  cluster adapter to make an 103 500—lb b io log ica l 
cluster, figure 2.

During the past f is c a l year, assistance was furnished the 
production fa c i l i t y  in solving d iff ic u lt ie s  encountered in ob­
taining a satisfactory mechanical and b io log ica l seal at the sec­
ondary closure o f the bomb.

Many assessment tests with the Ml 14 were performed to compare 
the performance of development-type munitions with a standard-type 
item and to assess candidate a g e n t -f i l ls .

2. BOMB. BIOLOGICAL. M b . tE6lR4

• The current experimental model of the £ -lb . b io log ica l bonds 
is  the Bomb, B io log ica l, £ - lb . ,  B61R4, figu re  3a. It  is  a t a i l -  
ejection type antipersonnel munition .spec ifica lly  designed to  dis­
seminate an aerosol of liqu id  f i l l  of vegetative organisms. Assem­
bled as a complete round, the bonds consists o f a fuze assendsly, an

*  Illustrations of the munitions
w i l l  be found on pp 66-72

<r
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f l l t o
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E l l  p l a s t i c  c o n t a in e r
m e ta l p a rta  a s s e m b ly . '  and an  E a R4
rou n d  i .  1 .2 lb 8 .  N T g *  ° f  ^  0° " P l r t *
d ia m e te r , a t  nose and t a i l  o f  w !  \  I ° ?  i n ' J maiimu“  o u t s id e
diameter, at the „ . la t  o f th, tomb,’ ill. ?Utt ld6
figure 4, oonsists of 474 vfii 4— w,\ Xr  8 Tn E108 type oluster, 
t y £  adapter; £ 4  b S b H n ^  I "  » 8
perform nos a ircra ft ocopriee the 1:133 t™  P "  adapter for high 
oiuater -e igh , about T » P» .  t h f  * 3 3 * . 2 5  s ^ l T '  “ *

and loading d .u " v  o T t j ^ S J f  M? r^ "” " ! “P'  (2 > th»  type 
ignition aiiH ( a.\ d-u ? ^ *^aat# ( 2) the method of propellant
I S lV S j ! ]  d“ lsn' TO®8® factor. I m S lU S L
f i l l  of serratia mo_ * nta6® aerosol recovery from a liqu id  
f a r o m i i r S I r ^  B* Md 0,1 **» araluetlone, th T loe t
t o  a6l6° t6d —  *

S marceecens i w d n l o n t  E61M Wer” ° ° - * u o t .d  ,1 th
r  Tquare w ith 30 f  A  H i f bcmb5p la id  0ut on tho ° °m e r s  o f
plaoed*ftt tha r V J aSOnal8'  We”  oomParod w ith one 1Q14
t o ! l  J a tL  in  % ° f  in ter8eoti0b  <* the two d ia g o n a ls . The 4 -  
r a t io  of the b ^ b 7 “  A  i f  7 ^ 0 8  T  ° h° ! er\ b °  ° ° r r e 8pond to the 
re su lts  were obtained, *  type o lu 8 te r ’ fo llo w in g

t im e s a t h e F^ e a Eo6f R! q ^ bL r r 0di10! d ^  OOVOrag° l - 42 to 1.90q u a l  a e r o s o l  d o s a g e  from  a s i n g l e  1Q 14 bomb.

f o u n d ' w e ^ r t h e ^ o M f ^ i o ^ e ! 0 a e r ° 801 ^  r a t ° 8

o l u s i ^ 1 1 ^ 8^ -  t e 8 tS  ° f  th e  E6lH4 w i t h  AB1 w e r e  n o t  o o n - 
a e r o s o l  a g e s  o f  16 30 A n d  60*  PLsl  e x P0Sed f ° r  one m in u te  a t

T «  " V -  ” ° ““" * Sa-?r7“ i “ J :e L 9° t PS : ' nt

v f i i n A SPJ f r e  t6 0 t  TOS oondu° t e d  t c  a s s e s s  th e  a b i l i t y  o f  th e  
E61R4 to  d i s s e m i n a t e  a l i a u i d  f l  1 1 n-p v> *- t ^

i z £ - n z r  z v T id6’6d
97= 87 46 15 galnea pisS were found for one-minute exposures;
1 6 :  30,' 5 e ’ . i d ' 8 61 i n u t . T  “  r 6 ' P* ° t i " '  a e p o a o l  a g e .  o f  2 .

Sphar. tests  with the E61E4 w ar. perfonaed w ith  d ry  and . a t
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f i l l «  o f  Coil o il a burnetii. Tito number o f replioates for thoao 
.rparim .nti ■*» exceedingly anal 1 booauso of the labor ijiTolnd  
In  performing the *n^|**  ̂ assessment. With dry* ground C burnetii^, 
100 peroent of the guinea pigs"were infeoted a fter exposure fo r  
one minute at per lode up to and including two hours a fter func­
tioning o f the bomb when a relative humidity of 31—38 percent was 
need* At a humidity of approximately 85 percent, the infeotion  
rate was much lower. With wet f i l l s  of C burnetii, the guinea 
pig infeotion rate was generally lower, Tiut the same trend was ap­
parent with respect to relative humidity.

The E61R4 was used to disseminate AB1 in three Dagway t r ia ls ,  
in  the f i r s t  two of these t r ia ls ,  thirty-seven U114 bombs were 
detonated in one group and one hundred sixty—one E61R4's were s i ­
multaneously functioned in another, both groups being looated in  
patterns of equal area. The numbers of bombs ohosen represented 
proportionate fractions o f tbs 1133 and ffl.08 d u ste r  contents re­
spectively. In  the third test, the numbers o f 11114 and E61B4 
were reduced to 7 and 31 respectively. Prom these tests i t  sms 
generally concluded that the E61B4 on a cluster-to-cluster basis 
o f comparison is roughly 10 times .as effective as the 11114 with
5 marcesoens.

A t r ia l  u tilis in g  four hundred E61B4 bombs, f i l le d  with 
B tularense, also was performed at DP6 in  connection with the 
Testing- o7"”a new oonoept for assessing small munitions designed 
fo r large area coverage. The munitions were evenly spaced on a 
square with lj^m ile sides (2.25 sq m i), the concentration of 
bombs/^%^nffr&£re of 3/8 of an E108 cluster per square mile.
The -^-mile horisontal grid was located on the downwind edge o f 
th is square pattern. Approximately 35 percent of the 2000 guinea 
pigs exposed on the -^-mile grid were infeoted. On three lines o f  
animals plaoed within the bond) pattern between the upwind edge 
and the •g—mile horizontal grid , a d istinct buildup of infeotion  
rate was shown as a function o f downwind distance. Three simi­
la r ly  plaoed lines up to distances of nearly a mile downwind o f 
the bold) pattern showed a sharp decrease in infeotion rates. Rel­
ative  humidities and temperatures were favorable fo r the te s t .  
Monkeys also were exposed in this te s t } of the 49 used, 46 beoame 
infected.

Intensive development work was done to solve serious problesm 
of fuze malfunctioning and bomb in stab ility  whioh beoame apparent 
when airplane drop tests with E108 du ste rs  were made. A s ta b ility  
and fuze—functioning teat was run to test 2 designs of each of
6 fuzes, a total o f 12 treatments. Each treatment was tested both
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. w ith standard E61R4 bomb bodies and with finned bodies. Satis­
factory results were obtained'with several treatments and the 
E34R1 fuze was selected as the most praotioable ohoioe o f several 
models• r

In view of reoent directives, current assessment work has 
been focussed on the E61R4-Agent H combination* The E61R4 was 
speo ifioa lly  tailored fo r disseminating vegetative organisms 
and but few data are available on performance with spores.

3. BCMB, BIOLOGICAL; 2-oz., E95 TYPE

The E93 bomb, figure 5, is a miniature munition for dissemi­
nating dry a g e n t -f i l l ,  approximately 3 in . long by 3/4 in . diame­
te r . I t  has an air-arming, impact fuze carried in a 4 -fin  t a i l  
assembly. The bomb body is a modified, oompressed CC>2 cartridge 
commercially produced for carbonating water or other beverages in  
the home. Six E93 bombs can be oarried in a ribbed, p lastic ,
4 -in  hollow sphere. This assembly designated Suboluster, B iologi­
cal Bomb, 2 -lb ., E119, figure 6, is  opened above ground by a baro- 
metrio devioe being developed by the Minneapolis Honeywell Regu­
la to r Co.

The preliminary investigation on the E93 was started by the 
Chemical Corps Blologioal Laboratories and la te r  was assigned to 
the Ralph U Parsons Co as a development task under oontract No. 
DA.-18-064-CML-2283. Design studies, wind tunnel runs, and dissem­
ination tests with the E93 led to in terior changes influencing 
the meohanism of dispersion-and to improved designs o f the arming 
and fir in g  device and the stab iliz ing  t a i l  element. These 
studies resulted in  the E93R1, R2 and R3 models o f improved design.

4 . BCMB, BIOLOGICAL, l j - l b , ,  E99

The E99 bomb, figure 7, is a cylindrical munition u tiliz in g  
pneumatic atomization to disseminate liqu id , antipersonnel agent- 
f i l l  tlrough a 2 -flu id  nozzle. The munition is  approximately 
8-7/8 in . long and 1^-in . diameter. I t  weighs about l£  lb  when 
loaded with 15-25 ml o f f i l l .  Pressurized gas for disseminaticn 
of the f i l l  is obtained by controlled vaporization o f liqu id  pro- 
pene. Propane a lso  has been used as a gas souroe. A gen t-fill  
is  carried in a separate-loading, p lastic  container. The bomb 
is in itiated by a ncnexplos ive, inertia  type meohanism. Four
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- wrap-around, tabbed fine are attached to the bomb to impart ro­
tational foroee to arm the fuze and to induce b a ll is t ic  stab ility *  
Two test fix tu res, the E88R1 and the E88R3 incorporating the 
aerosolizing principles of the'E99, have been used in preliminary 
aerosol assessment tria ls  *

Mechanical design of the E99 bomb is being carried forward 
under oontraot with Arthur D. L itt le  Inc* Wind tunnel and labor­
atory tests were made to confirm engineering studies and calcula­
tions | a ir drops and mortar firings were made to test can ponent 
functioning under simulated f ie ld  conditions; and, other studies 
relating to design,assessment, and operation of the unit were 
made both by the contractor and by Biological Laboratories per­
sonnel*

Seven du ste rs  each oomposed of 395 dummy E99 bombs in an 
E48R2 adapter were dropped under oporational conditions at Hollo­
man A ir Foroe Base to  determine the aerodynamie s ta b ility  of the 
bomb and the dispersion pattern of the d u ste r*  Dieoouraging 
results from these drops indicated a serious meohanical weakness 
in 'die tabbed fin  assembly which was damaged or tom  from the 
bomb body* Of 1138 bcmbs recovered from 3 clusters released at 
26,000 ft  and opened at 24,000, 20,000 and 10,000 f t ,  the per­
centage o f undamaged units decreased progressively with increased 
distance of f a l l  from 43 to 18 to 3. Modifications o f the fin  
assembly are being designed by the contractor and new models are 
being fabricated fo r  further testing.

In addition to the above woik, the design o f an improved 2- 
flu id  nozzle was studied at the Biologiaal Laboratories* A com­
mercial, sw irl-type nozzle was modified and tested. Aerosol 
characteristics equal to or better than those obtained with the 
oostraotor's experimental nozzles were obtained in chamber tests 
with S erratic oa roe scene* From an engineering viewpoint, the 
modified commercial nozzle is  more desirable; i t  is smaller, 
ligh ter, and easier to fabricate*

Other Biologioal Laboratories investigations included studies 
on the o rifice  p late, which controls the flow  of f i l l  to the noz­
zle, *«d on the effect o f various propellent gases on the agent 
f i l l .  **

5* BCMB, BICLOGICAL, 1-j-lb*, E103

The E103 bomb is  a cylindrical munition fo r  disseminating 
10-25 ml of liqu id  f i l l  by pneumatic atomization through a 2 -flu id
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. nozzle* The bonb is  about 8 lij. long and 2 inohea in  diameter* 
jt preliminary investigation o f  this bonb was started by the Bio— 
log ica l Laboratories; la te r , work on the BIOS was transferred to 
the R. M. Parsons Co. as a task under oontraot No. DA-18-064-CML- 
2283 with the Chemical Corps* '

Studies were started on several phases o f the bomb design, 
suah as slenderness ra t io , location of oenter o f gravity, nozzle 
design, agent container, liqu id  flow rate, clustering, propellant, 
f ligh t  stablisatian , and method of arming.

Wiixl tunnel tests were started with salld-vaned dummy bombs 
to obtain aerodynamic s ta b ility  data* Dummies with wire vanes 
were scheduled for wind tunnel, tests, and additional solid-vaned 
models were designed and fabricated fo r  dynamio tests to obtain 
data on flig h t  s ta b ility , terminal velooity, and impaot e ffeot*

6. BCMB, BIOLOGICAL, SPHEBICAL, U - l b . ,  B96B1

The £96 bomb, figure 8, is  a ‘se lf-d ispersing munition for 
disseminating a liqu id  ant ipersonnel.agent^flll* The bomb weighs 
about 1^  lbs anl is  oomposed of three basio components! ( 1 ) a 
S-in *, metal, spherical, generator containing a two-flu id  nozzle, 
a flex ib le  a gent-container holding. .12.-18 ml o f f i l l ,  a propel­
lent chamber charged with liqu id  propene and wet, shredded balsa 
wood, and an E31 all-w ays, air-arming fuze; (2 ) a shock-absorb­
ing material, 3/8 in . thiak, surrounding the generator; and (3 ) 
a 4- in * , 9- ribbed, p lastic  outer casing whioh inoloses the 
cushioned generator*

The E9631 bomb is a modification resulting from laboratory  
testing o f the £96* The E96R1 uses the £35 all-w ays, air-arm ing  
fuze, an improved version of the £31 used in  the £96 bomb*
Tests were made with the pre-armed, w a te r -fille d  E96R1 *s to de­
termine functioning on impaot when launohed from an a i r  gun* Im­
paot surfaces ranged JjnJaardness from soggy tu r f  to concrete*
The teat results showed that it  is  poss ib le  to absorb the impaot 
against oonorete surfaces and to proteot the generator so that 
i t  disseminates the f i l l  sa tis facto rily * Against soggy tu r f ,  
the bombs penetrated to a depth of about 3 inohes, and the p las- 
tio outer casing did not shatter* Against so ft tu rf and rubber- 
covered wood, the bomb functioned as well. as against oonorete*
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_ _ - o  l .  a self-diaparsing Bunition
The £94 type boab, f  In aerosol generator, 3 in. in

composed of 3 tasio part** U )  r f 8hook-ab.orbing a * * * * 1’
, , .Li-bar surrounded by ( 2) a 1  7 4- in .  hollow sphere.
t i T . £ U l n . d  in  ( * )  »  p l" “ V . l i f  f i l l  through n
S  s £ « - t o r  ■p“ X* .WlllJ t  l 6̂ o d * .  in  t . . t  fix tu r ... P - -
.lag li-flu id  no.xl. ln nhout  ̂ ion prorldjd hr ' n ■l ~
lurixod gM f "  nlr-nrning, h *p «t  M M . “
burning propellent- the bomb.
__c _ * n  be used to initiate w
856* U  , * *ke £96 type with the major

The £94 type bomb is °X8 8tated abore, a “V1*1*".
cxoeption of the generator sphere. ^  wheroa.  a 2-flu id  nossle

r l° i V u ‘ 1u.‘ . r i tn * ^ ‘ m f  Common S S S S f .

the Haval Research Laboratory unu 
the Chemioal Corps.

8. unm, HICLOGICAL, 2 j -b «» EH

The £97 is a s p h e r i c a l ^ t i o n  the J 9'7

a r s r s s ^  no; p* î . * rr i r . ; - . t h i f  of « .  «

5 L - £ ^ - r i : -  

S r i s  r - H r S S  “
Two shaped e^ ^ ° r8 ° S 2 5 \ “ » T  with a dun«y
each bos*. ^  oov. red the f b l -

Tbe preliminary investigation o ^  aerodynaBdos of spheres,

^ y s ^ r  of shaped ohar® ? "» 'E v o lv e d  in design of the (\ ~ u t

oOTpoMatt'  “ * —
oqui pment.
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9. CLUB TEE. BIOLOGICAL BOMB, 7 5 0 - lb .,  E123 
■ z *

Tha 2123, figure 11, is  a-.glide duster which w ill  attain  
la te ra l deviation from the line of fligh t of the a irc ra ft  before 
opening and scattering the component munitions. Lateral devia­
tions of the d u ste r  up to two miles right or l e f t  are an tic i­
pated during a f a l l  of 15,000 f t  when the c luster is released at 
an altitude o f 30,000 feet. The E l23 is part o f an integrated 
area-bombing system which also includes the Cluster, Biological 
Bomb, 750-lb., E124 described on page 60 of th is  report. The 
basic item of the E123 is an E48 type du ste r adapter with fo ld ­
ing delta wings for imparting, the necessary l i f t .  A ro ll stabi­
liz in g  medmnism and controllable tabs are required to impart 
aerodynamic s ta b ility  aid to direct the f ligh t  of the d u s te r .
The El23 is being developed by A iroraft Armaments, Ino. under con­
tract with the Chemical Corps.

Qqarter-soale models of the delta wing E l23 were manufac­
tured aid flig h t  tested to determine the e ffeo t of various modi­
fications on the over-a ll f ligh t  characteristics of the model. 
Eight fu ll-soa le  test missiles wane fabricated fo r  test at Hollo- 
nmn A ir Force Base. Four o f the missiles were dropped. Data from 
the testa now are being used as a basis for modifying the remain­
ing test items.

10. CLUSTER, BIOLOGICAL BCMB, 7 5 0 - lb . ,  E124

The E l24 is a cluster which when released from a irc ra ft  
at 30,000 feet w il l  attain  a la te ra l deviation of 1,250 yards to 
the right or le f t  o f the line o f fligh t during a f a l l  of 15,000 
feet, before opening ***» scattering the component munitions.
The code name "DEVRON" has been assigned to this unit. The E124 
is part of an integrated area—bombing system whioh also inoludes 
the Cluster, B io logical Bomb, 750—lb . ,  E l23 described in  section 
9 of this Part. The basio component of the E l24 is  an E48 
type cluster adapter with oontrollable tail, surfaces. A direc­
tional and rate gyroscope is provided fo r  oontrol of s tab ility  
and trajeotory. DEVROK is  being developed by WADC cooperatively 
with the B iological Laboratories. Figure 12 shows a model of the 
E124 d u s te r . .

Wind tunnel t r ia ls  were made on test models of the DEVRON 
and the data used to establish  design parameters. The Sommers 
Gyroscope Company was awarded a contract by WADC to design and 
fabricate models for fu ll-s c a le  f l ig h t  testing. As a resu lt of a
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recent policy decision, the 253 cluster adapter was adopted as a 
major component of DZVRON in place jo£ the E48 adapter orig inally  
used. *

/Z?'a

I I .  30MB. BIOLOGICAL. 750-lb.. E86R1

The E86 type bomb, figure 13, is  an anticrop munition fo r  d is­
seminating T il from high performance a irc ra ft . I t  is  a successor to  
the 273HI 500-lb. B iological Bomb, figure 14.* The E86R1 consists o f 
an E53 750- lb  cluster adapter into which are placed 7 cy lindrical 
agent containers each loaded with about 2£ lbs of feathers *nd anti­
crop pathogen. Insulation and other means fo r  controlling the temp­
erature of the f i l l  are incorporated in  the bomb to preserve agent 
v ia b ility . After release from the a irc ra ft , the bomb f a l ls  fo r a 
predetermined time and is  opened. The agent containers then f a l l  
free and decelerate tc terminal velocity , a fte r which the containers 
are opened and the f i l l  released.

The £86 bomb is  an ea rlie r  model which resembles the S86R1 but 
uses an E48H2 cluster adapter, rather than the £53 type adapter. Both 
the £86 and the E86fil bombs overcome the major deficiencies of the 
orig inal E73B1  munition, i . e . ,  unsatisfactory release from high-per­
formance a irc ra ft and lack of temperature control to preserve v ia b i l ­
ity  of the agent.

The Ralph ll. Parsons Cc. is  developing the E86R1 as one o f it s  
tasks under contract DA-18-064-CML-2283. Various designs o f agent 
containers and opening mechanisms were studied, methods fo r control­
ling the temperature of the f i l l  between the lim its of 43 P and 75 F 
were devised, and b a llis t ic  problems were investigated.

12. 5CMB. 3I0L0GICAL. 8 0 -lb .. E77

Ihe £77 bomb, figure 15 , is  a balloon-delivered munition fo r  
disseminating dry anticrop pathogens over large target areas. I t  is  
being developed by General M ills , Inc, under contract DA-18-064-CML- 
2104. The basic configuration o f the E77 bomb is  a right c ircu lar  
cylinder 32 in . in  diameter and 24 in . high. This cylinder, termed 
the gondola, is  made of wood—reinforced fibreboard is  lined with 
2 in. o f styrofoam insulation. Five agent containers, each holding 
approximately 3f lbs of feathers and anticrop pathogens, are grouped 
central l y  around a chemical type heater which maintains the proper

temperature control fo r

*See CCTC Item 2709: The E73R1 is  now the 
standard-type Bomb, B io logica l, T U ,  500 -lb ., M115
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preserving v iab ility  of the f i^ l*  A combination barometric and 
mechanical-time mechanism mounted as an assembly on the gondola 
provides the control for ( 1 ) neutralizing the f i l l  in the event 
o f  bomb malfunctioning over friendly territory , ( 2) termination 
o f flig h t , and (3 ) release of the bomb from the balloon*

When the balloon has traveled a pre-seleoted time long enough 
fo r  i t  to reach the intended target, the bonfc is released from 
the balloon and fa lls  to a pre-seleoted altitude of from 1000 to 
5000 f t  above terrain. A drag chute is used to reduce the veloci­
ty  of fa l l  • The gondola then opens in  a dams hell fashion and 
ejeets the containers* Opening o f the gondola is controlled by 
the master barometrio switch that also controls a portion o f the 
neutralizer oircuit* As the containers leave the gondola, a gas 
pressure mechanism is  activated end forces the f i l l  from the con­
tainer* To minimize radar detection o f the bomb, i t  is constructed 
of nommetallic materials where possible*

Five models of the bomb have been made and tested jo in tly  
by the contractor, thB Chemical Corps and TJSAF* Four were dropped 
from an airplane to obtain functioning data and one from a balloon* 
These models were dropped with simulant f i l l s *  In the balloon  
test, the release of the bomb was aooomplished by radio oontrol 
rather than by a time meohanism in order to assure the release at 
a pre-determined location* A ll  o f the bombs functioned sa tis fac ­
to r ily  from a mechanical point o f  view* Bombs now are being made 
fo r  fina l engineering tests*

The E95 bomb is a se lf-d ispersing spherical munition fo r  
disseminating dry antiorop pathogens* The oomplete munition con­
s ists  of a 3-inch, p lastic, hollow sphere, externally ribbed to 
induce rotation during fligh t ; .a barometrio opening devioe to 
separate the sphere at a selected a ltitude ; and a g e n t -fi ll*  The 
approximate internal volume of the hollow sphere is 1 1  cu in . ,  
about 3 ou in . of which is  taken up by the opening meohanism, the 
remainder being loaded with approximately 2^  ot of a g e n t -f i l l*
The total weight of the loaded bomb is estimated at 12 oz* Un­
t i l  the barometric opening device is developed, two interim  
bombs, the E95K1 , figure 16, and E95R2 models with mechanical 
time-delay opening mechanisms are available for test use only*
The opening devioe is  the major difference between the E96 and 
the E95R1 models* However, the E95R2 model also inoluded a ohange 
from a ribbed, plastio body to a smooth aluminum body*
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The E95 is being developed for carrying in and delivery from 
either a bomb bay hopper in bdmb a ircra ft or an externally mounted 
dispenser on fighter or reconnaissance a ir c ra ft .

Dugway Proving Ground tests with single and multiple E95R1 
bombs loaded with non viable TX established that spores released 
at heights up to 1000 f t  above terrain can be deposited onto 
large target areas, under meteorological conditions o f neutral or 
inversion temperature gradient* For example, spores from re­
leases o f five E95R1 munitions, opened at 1000 ft  above terrain  
under inversion conditions with, low wind speed, were deposited 
on a target grid 15 miles wide by 30 miles long. Preparations 
for tests to correlate the density o f spore deposition, as deter­
mined from sampling plates, to plant infection were in itiated  to 
add further information concerning the number of bombs to be re­
leased at low altitudes in order to obtain effective crop infec­
tion*

The design of the barometrio opening device, including a re­
motely controlled setting mechanism fo r selecting the opening 
height just prior to release of the bomb from the a irc ra ft , is a 
major part of the over-a ll munition development work being done 
under contract with the Minneapolis-Honeywell Regulator Company* 
First designs of the fuze and setting meohanism were made, and a 
limited number of models now are being fabricated fo r tests o f 
aocuraoy o f the barometric sensing element* re lia b i lity  of func­
tioning, and general safety aid soundness of design* Methods of 
f i l l in g  and sealing the munition also are being investigated.

Design of the E21 bio lcgioal bomb dispenser carrying ten E95 
bombs was in itiated . F irst models were made for flig h t  function­
ing, heat transfer studies, and other engineering work*

14. MIRE, BIOLOGICAL, XB-14-B

The XF-14B is a submarine-launched torpedo mine fo r  offshore 
dissemination of liqu id  a g e n t -fi lls  by a 2- f lu id  nozzle system. 
After launching, the mine w i l l  sink to the bottom, remain there 
fo r a predetermined period up to 2 hours, then surface and d is ­
seminate the f i l l ;  and, a fte r  completion of dissemination, the 
mine w i l l  souttle i t s e l f .  The over-a ll weight of the mine w il l  
be about 1400 lb s , its  diameter and length about 21 in* and 120 
in . respectively. A standard torpedo tube w il l  hold 2 mines, 
eaoh o f whioh has a maximum capacity of about 42 lit e r s  o f agent 
f i l l .

The mine w ill  flo a t with the longitudinal axis in  the verti­
cal position and w il l  dissemicate.the f i l l  about 4 ft  above the
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water from an extensible mast incorporating a nozzle, manifold 
which resembles a wagon wheel* Twelve nozzles plaoed to elimi­
nate spray-oone interference w il l  be manifolded on the rim.

The mine w ill oonsist of three basic sections that oan be 
shipped, stored, and/or assembled as required* ( 1 ) bottom sec­
tion  including the anchor, timing and actuating mechanisms, and 
the propellent container; ( 2) middle seotian containing the agent- 
f i l l ;  and (3 ) a top section holding the buoyanoe chamber and mast 
assembly.

The development and testing of the a g e n t-fill and the genen- 
ating system is the responsibility  of the Chemical Corps; o f the 
complete munition, the BuOrd, Department of the Navy. Close co­
ordination between these agencies is  maintained in  the cooperative 
e ffo r t .

Beoause of the hazards associated with the use o f propane, 
the Navy specified that any material with explosive or toxio prop­
erties oould not be used as a source for pressurized gas. A study 
fo r an acceptable gas was undertaken, consideration being given 
to such properties as vapor pressure, latent heat o f vaporization, 
speoiflo volume, explosiveness, toxioity, and a v a ila b ility  o f sup­
p ly . On the basis of these qua lities , COg* Nj* Freon 12 and 
Freon 22 were seleoted for testing at several operating pressures 
in  various candidate 2 -flu id  nozzles under consideration. As a 
resu lt of these tests, CO- was chosen as the preferred souroe of 
pressurized gas for a modified, commercial, sw irl-type nozzle at 
operating pressures from 300 to 400 psi.

Two f ie ld  tria ls  with XB-14B test fixtures were run, ooded 
as OPERATIONS SILTZER and WHITEHORSE. SELTZER, a land t r ia l ,  
was earried out loca lly  to supply reference data and other in fo r­
mation useful in performing. WHITEHORSE, a see-to-land t r ia l ,  con­
ducted in the vicin ity  of Panama City, Florida. A combined f i l l  
of S maroesoens and B g lo b ig ii was disseminated in both t r i a l s .
Cloud widths between- 3t)0 and "300 yds were obtained in  SELTZEE;
S maroesoens was recovered by imping era 2700 yds downwind, and B 
g lob ig ii, 5AX? yds downwind. Final reports of WHITEHORSE are not 
yet available, but indications are that results w il l  be better  
than predicted by extrapolation of SELTZER data.

15. MINE, MARINE, BICLOGICAL, 300-lb., B4

The B4 mine is a continuous aerosol generator that oan be 
used as a weapon in amphibious warfare against harbor and shore
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installations* The munition 18 primarily intended for use by DDT 
personnel who w ill tow i t  to a planting site  in a towable container 
known as a "water boy." When the site is  reached the mine w ill  be 
released from the water boy and planted by the swimmer* Upon re­
lease i t  w il l  sink to the bottom in depths not over 75 feet* re­
main there for a predetermined time* then surface and disseminate 
it s  f i l l ,  and w ill fin a lly  sink again. The mine also may be plant­
ed from surface craft* in  whioh event the water boy is  not used*

The El is a cooperative e ffo rt between the Bureau o f Ord­
nance* Department of the Navy* and the Chemioal Corps* Areas of 
developmental responsibility  have been defined; the Chemioal Corps 
w ill  be responsible for development o f the aerosol generating sys­
tem* and BuOrd fo r the over-a ll design o f the mine. Close coop­
eration is  being maintained* Work on the E4, o rig in a lly  started 
by the Biological Laboratories* now is  assigned to Ralph 11. Par­
sons Co. under Chemical Corps oontraot No* DA-18-064-CML-2283*

Beoause the E4 must f i t  the already existent water boy* maxi­
mum limitations o f 300 pounds total weight* 17 in . external diame­
ter* and 47 in . over-a ll length are imposed on the mine.

*
The dissemination system used in the E4 mine is based on the 

formation of aerosol partioles from bursting foam globules sudden­
ly  expanded by release from a region of high pressure to one of 
atmospherio* This principle was used in the "C* generators pre­
viously developed and tested by the Biological Laboratories. 
Pressurised gas formed by the evaporation o f a liqu id  propellant 
is used to foroe the f i l l  through a metering o rifioe  into a mix­
ing chamber wherein the f i l l  is  mixed with a metered amount of 
gas under high pressure* A foam is formed in  the chamber and is  
forced through an exit o rifice  to the atmosphere.

Studies are being made on the faotors which control the de­
sign of the generating system* These include the agent and 
agen t-fill container* the propellant and it s  container and the 
nossle and mast assembly* a l l  interrelated with the basic dlmex^ 
si anal and weight lim itations imposed by the water boy. Test f ix ­
tures were fabricated to investigate these faotors*
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LOT CP 93943-38***** ■ *

FIGURE I. BOMB, BIOLOGICAL, 4-lb., MII4 (SIDE & SECTIONAU

FIGURE 2. CLUSTER, BIOLOGICAL BOMB, 500-lb., M33
CSECTIONAL),
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FIGURE 3. BOMB, BIOLOGICAL, !i-lb ., E6I (SECTIONAL)

CLUSTER, E4«S

FIGURE 4. CLUSTER, BIOLOGICAL BOMB, 750-lb EI08R3
(SECTIONAL) '
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FIGURE 6. SUBCLUSTER BIOLOGICAL BOMB, 2 -lb .f £119
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FIGURE 7. BOMB, BIOLOGICAL,

I l b . ,  E99 
(SECTIONAU

FIGURE 6. BOMB, BIOLOGICAL/ 
SPHERICAL, l^-lb. 
E90 (SECTIONAL)

FIGURE 9. BOMB, BIOLOGICAL, 
SPHERICAL, l!*-lb. 
E94 (S E C T IO N A L )-- ~

4

FIGURE 10. BOMB, BIOLOGICAL, 
2 - lb., E97 
(SECTIONAL)
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FIGURE II. CLUSTER, BIOLOGICAL BOMB, 7 5 0 -Ik, EI23

FIGURE 12. MODEL OF CLUSTER, BIOLOGICAL BOMB, 
7 5 0 -lb, £124
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FIGURE 13. BOMB, BIOLOGICAL. 7 5 0 -lb., E86'

FIGURE 14. BOMB, BIOLOGICAL, 5 0 0 -lb., E73RI COPEN, 
SHOWING E2R1 2 * -lb. BIOLOGICAL CONTAINERS)
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f ig u r e  15. b o m b , b io l o g ic a l ,-BO-16..■■£77

FIGURE ,6. BOMB, BIOLOGICAL, SPHERICAL, ,0 -
oz., E95R1
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F. SUPPORTING RESEARCH

1. DEVELOPMENT AMD TESTING OF P_nOT_PLANT SgPIFUENT

The design and development of processing equipment 
to produce BW agents is  governed by the following c rite ria  
( l i s t e d  in the order o f  their influence):

Assurance o f producing the best possible product

Safety

Cost

The process equipment necessary for the production o f 
bacteria l B*7 agents is  markedly d ifferent from that required fo r  
v ira l and rickettsia l 3W agents. The bacteria l agents are grown 
in fermentation vessels in  liqu id  media; whereas, on the basis 
of present knowledge, the v i r a l  and ricketts ia l BW agents must be 
produced in  liv ing tissues, e .g . , anbryonated eggs. Because of 
the basic differences between the processes fo r producing these 
BW agents, the development o f process equipment fo r  each o f these 
two types o f organisms is  discussed separately.

b. BACTERIAL BW AGENTS

Most bacteria l BW agents are fastidious and a l l  are 
highly pathogenic. This gives rise  to two major problems in  the 
design o f processing equipment: ( 1 ) prevention o f ingress of 
contaminant organisms so that a pure culture of the desired 
pathogen may be produced and ( 2) prevention of the egress of 
the pathogenic organisms fo r  the safety o f operating personnel 
anH the surrounding community. The problems involved in  produc­
ing pure cultures arise  from the follow ing:. ( 1 ) the conditions 
required for growth of pathogenic organisms are generally  
optimum also for airborne nonpathogens, ( 2 ) the generation time 
of most pathogens is  longer than that fo r  the common ponpathogenic 
contaminants, and (3 ) pathogens do not produce antib iotics or 
other substances which would retard or prevent the growth of 
most contaminants.

. Past experience in the design of process equipment to
successfully producevpure cultures o f bacteria l BW agents has ' 
fo rcefu lly  demonstrated the need for making marked departures from
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the techniques commonly employed by the fermentation industry.
In 1943-^4, the best design information available from industry 
was collected and used in the construction of p ilo t plants to 
study production processes fo r bacteria l pathogens at f-amp Detrick. 
Over 50 per cent of the cultures produced from this plant were not 
acceptable because o f contamination. As a consequence, a major 
e ffo rt  was directed to obtain the design information necessary 
fo r  the construction of plants which would successfully produce 
pure cultures. The developments resulting from this work iiave 
made possible the production under safe conditions of pure 
cultures 95 per cent of the time. These developments include the 
following items:

( 1 ) h processing system designed to permit gravity flow  
between the major elements of the processing equipment in order to  
eliminate the poss ib ility  of contamination from pumps.

(2 ) Satisfactory specifications on welds, process lines, 
valves, and vessels to greatly reduce leaks, eliminate pockets, 
minimize crevices ana stagnant areas*, in  order o.at a ll surfaces 
may be maintained in a sterile  condition.

(3 ) Use of materials of construction ( in  most cases, 
stab ilized  stainless stee l) which prevents poisoning o f the 
organism and greatly minimizes metal fa ilu res resulting from 
granular corrosion.

(4 ) An effective a ir  purification  system and the use o f 
orifices  operated at sonic velocity fo r  the aeration and 
agitation of cultures in fermenters.

(5 ) Ferment or design with a m: r.inum number of openings, 
no f l a nges or packing glands, and hot tanks between vessels, 
in  order to farther minimize the p o ss ib ility  of contamination 
and leakage. This is  probaoly the most sign ificant contribution 
in  the f ie ld  of process equipment design.

( 6) Equipment fo r concentration by centrifugation or by 
specia lly  designed settling tanks.

(7 ) Equipment fo r  drying f in a l  cultures.

( 6) Equipment fo r  f i l l in g  munitions.

(9 ) E ffective waste s te r iliz a t io n .

A ll  of the applicable above-mentioned developments have been 
incorporated in  the design ana construction o f the production 
fa c i l it y  fo r vegetative BW ag'entsT( X-201*plant) ,  the process
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design of the plant fo r sporulating BW agents (1-301 plant) 
and the design and construction ©f new p ilo t  plants at the 
B io logical Laboratories.

c . VIRAL AND RICKETTSIAL BW AGENTS

Many of the principles discussed above in  connection 
with the development of process equipment fo r  bacteria l BVf agents 
are also applicable to the production of viruses and rickettsia. 
The production of these agents is  currently being Atudied in the 
p ilo t  plant. The principal direction taken in th is work is  the 
minimization of the manual handling required and the insurance of 
safe conditions fo r  operating personnel. The developments in the 
production of these agents include the following items:

(1 ) The use of a small portable candling device to reduce 
egg handling to a minimum.

(2 ) An incubator room designed to increase the safety and 
efficiency of storing infected embryonated eggs.

(3 ) An inoculating hood insta lled  to provide greater safety  
fo r  operating personnel in  the inoculation process.

(4 ) The design of a harvest table to permit selective  
harvesting, in  order that the portion of the embryonated egg 
having the highest t ite r  may be selected manually fo r  further 
processing.

(5 ) Equipment fo r  milling to produce a product with low 
viscosity and small particle s ize .

( 6)  Equipment fo r  f i l l in g  munitions.

(7 ) Effective waste s te riliza tion .

( 8) E ffective procedures for cleaning equipment and process 
lines used in  processing egg slurry.

An automatic inoculating apparatus has been investigated 
but has not yet been successfully applied to production. A H  o f  
the applicable above-mentioned developments have been iicorporated  
in the process design of a production f a c i l i t y  fo r  egg-cultured 
BW agents (1-401 p lant).

In addition to the design of process equipment, 
intensive e ffo rt  has been devoted to the development and

an
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application of quality control methods for BW agents produced in  p ilo t  
p lants.

Development work is  continuing in  many of these f ie ld s . As the 
demand increases far greater production of Bff agents, further devel­
opment work is  necessary to  obtain scale-up data fo r  the design *n<j 
construction of larger process equipment.

2. DRYING

In  order to centralize the responsibility  and coordination in  the 
f ie ld  of drying BW agents, a drying task force (DTF Division) was ins­
tituted  during the f is c a l year. This task force has a «m*n integral 
laboratory sta ff for conducting investigations in  th is f i e ld ,  and, in  
addition, cooperates with other divisions of the B io lo lic a l Laboratories 
and monitors work carried out by extramural contractors.

The internal program of the DTF Is  principally  concerned with (1 ) 
attainment of standard material fa r  processing, ( 2) development of dry­
ing processes fo r BW agents, and R eva lu a tion  of dry a g e n t -f i l ls .  In  
addition, fa c ilit ie s  and services axe provided fo r cooperating divisions. 
The freeze drying method is  receiving primary amphA.«H«» for application  
to vegetative bacteria, viruses, and rickettsiae. Among the factors 
being investigated are the type o f operation (batch versus continuous), 
the method of application of heat (conduction from platens versus rad­
iation at selected wavelengths in  the infrared region ), the physical form 
of the material being dried (p e lle ts  versus thin layers in  tra jrs ), the 
suspending flu id  from which the organisms are dried, the influence o f 
concentration of organisms upon recovery of •liable c e lls , the importance 
of residual moisture a fter drying, the length of the drying cycle, and 
the sizing of the dried product. A process fo r  spray drying of botul­
inum toxin has been developed, and this method o f drying w i l l  receive 
consideration fo r application to the drying o f B a c m «« anthracis. The 
dryihg of this organism by solvents is  now under investigation. Comments 
on the experience in  drying specific  agents are included with the reports 
o f the individual agents (See Parts A, B, and C, th is Section).

Other divisions of the B io logica l Laboratories are cooperating with 
the DTF in  such studies as (1 ) procedures fo r restoration and 
enumeration o f dried agents, (2 ) virulence (Contd next page)
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of dried agents, ( 3) morphological A lterations resulting'from  drying 
organisms, (U) evaluation of analytical techniques, and ( 5) determination 
of the influence of extraction of lipoid materials upon the drying charac­
te r is t ic s  of egg-cultured agents. The p ilo t plants serve as a source of 
material to be dried and w i l l  p ilo t recommended drying processes.

A large part of the e ffo rt  in  drying is  represented ty extramural 
contracts, some examples of which w i l l  be cited. A summary literature  
survey is  being prepared by the University of Minnesota which w ill- cover 
the technical literature , including patents, related to drying processes 
and equipment. The Bureau of Agriculture and Industrial Chemistry o f the 
USDA is  investigating the drying of vegetative bacteria and determining 
the characteristics of dried products. Avirulent organisms are being 
utilized  in their experimentation with the understanding that the con­
tractor1 s key personnel w i l l  assist in  the translation of their findings 
to the drying of selected pathogenic agents at the B io logical Laboratories. 
Arrangements have been completed with Lederle Laboratories to cooperate in 
developing a drying process fo r  Bacterium tularense by furnishing advisory 
supervision, training in  techniques, recommendations w ith regard to pro­
cess equipment, and evaluation of experimental resu lts . Spray drying and 
the characteristics of spray dried organisms are being investigated by a 
combined team of chemical engineers, bacteriologists, and biochemists at 
the University of Wisconsin. In  addition, a small e ffo rt  is  being supportedfl^ 
at Purdue University to develop a high velocity spray dryer and determine 
it s  applicability  to drying BW agents.

Since conclusive evidence is  available o f the c r it ic a l  importance of 
particle size in determining the in fectiv ity  of airborne BMT agents, the 
development of methods for reduction of dried agents to the 1 -5  micron size 
range, and the collection and c lassification  of these sized partic les is  
an essential portion of the drying program. A ll  tnese operations must be 
performed with mi ni mal e ffects upon the in fectiv ity  of aerosols o f the 
agent. These problems of sizing, collection, and c lass ifica tion  are being 
investigated by General M ills .

3. ARTHROPOD PIS SEMINATION OF Bff AGENTS

Insects and other arthropods act as vectors and reservoirs of some of 
the most promising and highest p rio rity  Bff agents a ffecting man and animals 
Arthropods provide a tactica l concept of Bff agent dissemination, as they 
can e ffic ien tly  carry agents to specific  tax-gets. L il it a ry  use o f agents 
in an eneny target area requires detailed knowledge of the role o f native 
arthropods in incrementing or maintaining an epidemic in  the area, or 
spreading the agent outside o f the area.
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‘ The primary objectives in th i's 'fie ld  are (1 ) to provide methods of 
dissemination of various agents by means of arthropods in both overt and 
covert operations, ( 2) to provide required information on the arthropods 
present in  potential BBT target areas and their effect on the planned m ili­
tary use of agents, and ( 3) to attempt to increase or maintain the virulence 
of various BPT agents by passage through artnropods.

In  studies on dissemination of agents, a number of species of mos­
quitoes have been mass reared in large numbers and their dispersal and 
f l ig h t  range have been measured by means of radioisotope marking. Mos- 
auito transmission experiments on Venezuelan equine encepnal l t is  have 
been carried out: of 8 species of mosquitoes of U genera tested, 7 species 
became infected and transmitted the virus to laboratory animals. The incu­
bation and infective periods, the infection thresholds, and transmission 
rates of several species of mosquitoes nave been determined. Transmission 
of this virus from horse to norse by Aedes triseria tu s, and frcm guinea pig 
to guinea pig by Kansonia indubitans nas been demonstrated in work con­
tracted at the USFHS Virus Laboratory at Montgomery, Alabama. This labora­
tory also carried out extensive mosquito transmission experiments with 
Eastern equine encepnalitis. The infection thresholds., incubation periods, 
and infection and transmission rates have been determined for A aegyptl 

a triseriatus, as w ell as infection thresholds ana incubation periods 
fo r  TO other species of mosquitoes.

The transmission of simulant agents by mass reared houseflies has 
been intensively investigated in botn the laboratory and f ie ld .  Strepto­
mycin resistant E c o li , S marcescens, and Proteus m irabilis were fed to 
houseflies and trie persistence and dissemination of these bacteria were 
determined. Individual f l ie s  were suspended over saline and the persis­
tence and multiplication of the bacteria were determined. Effects of 
various foods and handling methods were determined on the longevity of 
f l ie s  and bacteria. Bacteria labeled with P32 were fed to houseflies in 
an attempt to use the radioactivity to measure bacteria l dissemination, 
but only a limited degree of correlation was ootained. Field tests on 
persistence and dissemination o f E co li and S marcescens were carried out 
with houseflies in a large outdoor f ie ld  cage ( 20' x UO1 z  8' ) .  Several 
thousand f l ie s  were released in each test, and the vector a b ility  of the 
f l ie s  was determined by exposing fo r  30 minutes four petri dishes contain­
ing nutrient agar and proteose peptone. In 13 f ie ld  tests the f l i e s  were 
infected by allowing them to feed on bacterial suspensions and were then 
released into the f ie ld  cage. The f l i e s  contained over 10? organisms per 
f ly  after 2h hours, and about 10^ organisms a fter U8 hours. They dissemi­
nated about the same numbers of bacteria  at the same time intervals on h 
petri dishes exposed fo r  30 minutes each day.

Peat bait containing a f ly  attractant and over 10? E co li ml were 
exposed to uninfected f l i e s .  In 9 f ie ld  tests with about 5,000 f l i e s
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in  each test, the f l i e s  ingested over 10^ E co li f ly  in  '2k  hours, and 
disseminated 10^ - 10 > test organisms daily on U petri dishes exposed 
for 30 minutes each day fo r 6 successive days. These experiments 
indicate that th is type of peat bait could be infected with various 
enteric agents or dried anthrax spores for d ispersal by plane into popu­
lated enemy areas containing high f ly  populations. The research on house­
f ly  dissemination o f simulants has been completed. Housefly studies w ill  
not be continued unless enteric pathogens or o ra lly  induced anthrax are 
considered to be promising agents.

Epidemiological studies on diseases and arthropods in  potential target 
areas have been carried out. A detailed study has been completed on the 
distribution, abundance, biting habits, and importance as disease vectors 
of the 90 species of mosquitoes occuring in Russia and adjacent areas.
About 800 references were compiled and the most important translated and 
abstracted. A detailed study on the housefly and its  importance in trans­
mission of various diseases has been completed. Sim ilar studies on tides, 
fleas, body lic e  and other arthropods of medical importance are in  progress. 
These studies w i l l  provide required information on the arthropods present 
in potential Bff target areas and their effect on the m ilitary  use of agents. 
The presence o f arthropods can affect -an aerosol or munition produced epi­
demic by spreading an epidemic, converting an epizootic into an epidemic ^  
(e .g . ,  VEE), or maintaining an agent. In scheduling the use of most Bff m  
agents, the presence of arthropods in test areas and in enemy target areas 
should be taken into account.

Passage of Bff agents through various arthropods o ffe rs  an opportunity 
to increase the virulence of the agents or to a lte r  certain of their 
characteristics. This has been studied under contract at the USPHi Rocky 
Mountain Laboratory in Montana. Tularemia, 4 fever, and plague have been 
passed through appropriate vectors and the resu lting  strains are being 
compared with the o rig ina l strains supplied by the 3 io log ica l Laboratories.
Q fever rickettsiae multiplied so rapidly in  the tick  Dermacentor andersoni 
that the majority of the test ticks died. The Rocky Mountain Laboratory 
also offers a s ite  fo r studying transmission of yellow fever in  mosquitoes.

Studies are in  process to demonstrate the capability  of arthropods to 
act as e ffic ien t means o f overt dissemination of Bff agents. The agents 
selected are le th a l fo r  humans and include mosquito transmitted yellow 
fever, Japanese B encephalitis, Eastern and Venezuelan equine encephalitis, 
louse transmitted epidemic typhus, fle a  transmitted bubonic plague, and 
tick transmitted Rocky Mountain spotted fever. A l l  o f the vectors far 
these diseases have been reared in large numbers and m illions can be pro­
duced and in fected . Virulence of the agents and a b i l i t y  to infect lasts  
for several months to several years in  a l l  of these vectors (except the 
body louse). Insectic ide  resistant strains o f most o f these vectors have 
been developed or discovered in  the f ie ld .  In  a l l  cases, there is  abund
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evidence documenting the ability  "ot the above arthropods to transmit the 
diseases and to cause severe epidemics under naturally occurring con­
ditions • r

U. MICR0KET5GR0LQGICAL RESEARCH

The Biological Laboratories are charged with conducting c. program of 
meteorological research for the Chemical Corps as a whole, applicable alike  
to CW, RW, and BSf dissemination. The program has been conducted along four 
lin es : meteorological sampling in  the ground layer; aerosol cloud travel; 
a study of the intermediate atmosphere layers; and correlation between the 
micrometecrological structure and general meteorological pattern.

The f i r s t  cf these problems has required the adaptation or develop­
ment of instrumentation necessary fo r  micrometeorological observations, 
the construction of a low speed wind tunnel in  which they could be tested 
calibrated, the establishment of a micrometeorological sampling network on 
the grid area at Camp Detrick, aid in equipping Dugway Proving Ground fo r  
sim ilar measurements, and the use of such set-ups to study verticle wind 
pro files  and temperature structure in the lower leve ls  of the atmosphere.

Studies on aerosol cloud travel have extended over several years. They 
have included both theoretical treatments o f the problem and fie ld  studies 
on an increasingly large scale. Early studies on cloud travel and d iffusion  
were done with ammonia, but the tempo of tae f ie ld  work was greatly f a c i l i ­
tated by the development of the fluorescent partic le  tecnnique 'ey the 
Stanford University group, under contract. These inert particles of zinc 
cadmium su lfide, 1  to 5 microns ir. size, beaave physically in tne atmos­
phere in  the same fashion as ccxic aerosols. These particles are easily  
detected with simple saepling devices because of their characteristic 
fluorescence under u ltraviolet ligh t . They nave been used in large-scale  
t r ia ls  over the city of San Francisco, in  two operations covering the 
southeastern states from Georgia to V irg in ia , in  sea to land t r ia ls  o f f  
the Florida coast, and are presently in  use in  extensive t r ia ls  over 
mountainous terrain and over the c ities  o f S t. Louis, Minneapolis, and 
Winnipeg. This la tte r study is  being performed by the Ralph U. Parsons 
Company and Stanford University under contract and is  designed to snow 
the behavior of aerosols traveling over large built-up areas.

Data on the intermediate atmospheric layers have been accumulated 
through several long-distance cloud trave l experiments ana also through 
special meteorological soundings taken to intermediate heights. These 
have led to development of concepts re lating to long-range aerosol 
travel which have been successfully put to test in  the t r ia ls  mentioned 
in the previous paragraphs.
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The prediction o f suitable target conditions fo r toxic aerosol 
attack can be made only a fter a knowledge is  gained of the correlation 
between micrometeorolcgical structure and the general synoptic pattern* 
Partia l knowledge accumulated over past years has permitted the forecasting 
of suitable conditions for our own fie ld  t r ia ls . Special studies have also  
been made on the climatology of the Ukraine, Crimea, Roumania, Bulgaria, 
and various typical Russian c it ie s . The selection of American c ities fo r  
the aerosol travel studies now under way was based on the sim ilarity o f  
their climate with that of possible urban Russian targets.

5* SUmHT OF FIEID TRIALS

Following the close o f the war, Ougway Proving Ground and other test 
sites of tne Chemical Corps were closed and, for a period, almost no fie ld  
testing in  Bf was done, other tnan very small t r ia ls  conducted on the grid  
area at Cairo Detrick. About 19 U9, however, f ie ld  testing was resumed. 
Operating divisions of the Biological Laboratories went to the f ie ld  with 
developmental problems, u tiliz in g  various m ilitary installations when non­
pathogenic or simulant agents could be used. Dugway was re-opened also in 
19U9, becoming the only site  where pathogenic antipersonnel agents could 
be tested in the open, although i t  did not become operable with its  own 
sta ff until 1951* By December 1950 tne volume o f f ie ld  testing had became 
such that a Field Test and Meteorology Division was established within the 
Biological Laboratories, to aid mainly in the nonpathogenic tria ls  carried  
on outside of the Dugway Proving Ground program. A b r ie f resume of the 
more important of the B8T tr ia ls  conducted since tile war follows.

Joint t r ia ls  wit.i the British using Brucella su is, pasteurslla tu la - 
rensis, and Bacillus anthracis were conducted at sea in tne Carrioean 
area in the winter o f 19U0-U9* In  19ii9 and again in 1950 operating person­
nel from the B io logical Laboratories tested the prototype Mllli U-lb bomb 
at Dugway using only simulants the f i r s t  year and B su is , as w ell, the 
second year. The agents causing v fever and psittacosis were tested at 
Dugway in 1951, again by Biological Laboratories personnel. From 1951 on, 
Dugway Proving Ground personnel have run 3f t r ia ls  on a continuing basis, 
testing agents and munitions developed in  the B io logical Laboratories.
B suis, Brucella c e liten s is , B tularense, botulinum toxin and the virus 
of Q fever as w e ll as simulants have been tested, u t iliz in g  the Mill* bomb, 
the E6l  bomb, the ADL and C generators, the E73 or feather bomb, and other
devices.

Simulant t r ia ls  demonstrating possible tactica l application of BIT 
agents were performed at Ft. McClellan, Alabama, in 1952. A naval am­
phibious generator was tested at L itt le  Creek, V irg in ia , in  1950. The 
prototype of a navy BW mine was tested at Key West and Panama City, 
Florida.
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' In  addition to these t r ia ls  trirth antipersonnel agents and munitions, 
airplane spray tr ia ls  u tiliz ing chemical anticrop agents were performed at 
Avon Park, Florida, in 1951 and 1952 and at Eglin A ir Force Base, F lorida, 
in 1952 and 1953* Trials with cereal pathogens in  the E73 or feather bomb 
were conducted at Pine Camp, New York, in 1950.

Antianimal tr ia ls  using hog cholera virus as the agent in the E73 
feather bomb were carried out at Eglin A ir Force Base in  Florida in  1951* 
Tests with the Newcastle disease of poultry were done in 1951 at Hadis on, 
Wisconsin.

Many of the f ie ld  tr ia ls  performed have been in  the area of physical 
defense. These have included vulnerability or decontamination tests on 
naval vessels at Norfolk in 19U9, 1950, and 1952 and at Boston in 1952; 
similar t r ia ls  involving a ircraft at Eglin A ir Force Base in 1950 and 1953, 
at Wright Patterson AFB in 1952; protective clothing t r ia ls  at Quantico 
Marine Base in 19U9; tests involving protective shelters at Fort Story, 
Virgin ia  in 19li7; at Port Hueneme, California in 1950 and 1952, at Camp 
Detrick and at Mound Laboratory in Ohio in 1951. Vulnerability studies 
were conducted at the Pentagon in 19k9; over the c ity  of San Francisco in 
1950; at Carswell A ir Base, Ft. Worth,. Texas in  1951} and at the Naval 
Supply Base at Hechanicsburg, Pennsylvania in  1951. Decontamination t r ia ls  
were performed in 1953 in a naval warehouse at Scotia, New York, as w e ll as 
personnel decontamination t r ia ls  the same year at Camp LeJuene, North 
Carolina. Trials u tiliz in g  prototype detection and sampling devices were 
included in  the 1952 Ft. McClellan test.

Two tr ia ls  seeking basic meteorological data on long range travel 
over several southeastern costal states were performed in 1952. T ria ls  
involving aerosol travel over build-up areas are new in  progress at o t. 
Louis, Minneapolis, and Winnipeg, Canada.

6. PHYSICAL AND HOPHISICAL STUDIES

The group in biophysics have not only functioned as a service group, 
offering their specialized techniques in cooperative projects with other 
divisions, but they have carried out an independent research program with­
in their group, working particu larly  on basic problems of interest to the 
whole program.

The cooperative program has utilized  many pieces c f physical instru­
mentation which are not available elsewnere in  tne laboratories. The 
electron microscope and the low-angle X-ray d iffraction  apparatus have 
been used particularly  in  studies of morphology, fine structure and 
particle assay. Electrophoretic studies have been particu larly  f ru it fu l
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in studying blood plasma and sera'-Constituents, and even u tilized  to . 
d ifferen tiate  variant strains o f bacterial species. Thin film  techniques 
have provided a two-dimensional model for investigations o f the properties 
of aerosol particles and various b io logical materials. Spectroscopic 
analysis, tracer techniques, and irradiation  studies have found application  
in many fie ld s .

Special studies of fundamental interest conducted by this group have 
included those on aerosol formation and the physics of dissemination. From 
these studies arose a new method of EW dissemination, that of ultrasonic  
generation of aerosols u tiliz in g  the Hartman w histle-princip le. The practi­
cal application of this technique is  now being carried out by the Munitions 
Division . Basic studies nave been made in the fie ld  of rapid detection of 
Bff agents by physical means. Again practical exploitations of promising 
principles are transferred to another group charged with developing de­
tection devices. Another f ie ld  of basic studies nas been that of drying 
of b io log ica l suspensions and physical characterization of dry powders.

Biophysical study of botulinum toxin has revealed that one-tenth size  
"fragments" of the toxin molecule may be more basic than the parent mole­
cule, but lack the hemagglutinating property formerly assumed to be an 
essential part of the toxic princip le. The toxic principle i t s e l f  has beei^ 
studied e lectrica lly  on isolated nerve-muscle preparations. The toxin  
appears to be a simple protein containing usual amino acids. Similar bio­
physical studies have been made on the capsular glutanyl polypeptide of 
Bacillus antnracis. Studies of the physical characterization o f v ir a l  
agents and their reaction with liv in g  ce lls  have been carried out u tiliz in g  
several methods of approach, particu larly  electron microscipy.

7. STUDIES BASIC TO MUNITIONS DEVELOPMENT

Many studies conducted by the munitions group nave contributed basic 
information pertinent to munitions development and assessment in  general, 
and hence cannot be reported under the sections of tnis report dealing with 
the development of specific munitions. Investigations in three over­
lapping fie ld s  of study f a l l  in th is category* dissemination of aerosols, 
physical properties o f aerosols, and aerosol sampling techniques.

In the f i r s t  of these f ie ld s , that o f aerosol dissemination, fundamen­
ta l studies have been conducted botn on instantaneous or explosive dissemi­
nation and on continuous generator princip les. A special laboratory is  
being equipped to study problems such as the e ffect of shaped charges and 
other kinetic mechanisms on explosive aerosol formation, u t iliz in g  nigh 
speed photography and other techniques.
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Many approaches are being pursued to gain fundamental knowledge con­
cerning continuous aerosol production. They include studies of solid  
propellants, break-up of je ts , andvarious types of nozzles. Of prime im­
portance in this fie ld  is  the application of shock waves of ultrasonic  
frequency to  break-up liquid films into aerosol droplets, based upon the 
Hartmann whistle mentioned in the Biophysical' section of this report.
Out of th is la tte r workT FW munitions operating on an entirely new p r in -_ ' ' 
cip le  o f dissemination are expected to develop. ‘

The most promising developments in tne area of physical properties of 
aerosols have arisen from fundamental studies on evaporation of bacteria l 
suspensions. Controlling the rate of evaporation and tne degree o f dehy­
dration of aerosol droplets may answer many problems concerning tne main­
tenance of v iab ility  of Hff aerosols particularly  under conditions of 

adverse relative humidity. Sedimentation rates of oH aerosols nave also  
been examined theoretically and experiment a lly . From tnis work a better 
understanding of the reasons for b io log ica l and physical decay of 3W 
aerosols should arise .

The main problem in sampling has been that of developing better 
techniques for routine particle size determinations. Under contract, an 
improved cascade impactor is  being developed as a tool in  this f ie ld .  
Samplers which are selective as to partic le  size are being studied to  
develop samplers which closely p a ra lle l the human respiratory tract in  
their action. A device employing a microwave refractometer principle to 
measure the instantaneous mass concentration of a BW aerosol appears most 
promising. A device called the aerosoloscope to determine optica lly  the 
size d istribution  and concentration of an aerosol is  under development.
A "fly ing -spot" microscope, of the type recently developed in England, is  
being constructed here and should o ffe r  an entirely new tool for the study 
of aerosol particulates. Under contract, studies are progressing on the 
flow  of fine particulates of in terest in d r y - f i l l  munitions, and on various 
mathematical models of aerosol behavior.
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SECTION i n  -  ADMINISTRATION

1. ORGANIZATION

The reorganization of the Chemical Corps B io logical Lab­
oratories was effected during FI 1953 in  accordance with rec - 
onmendations of the K illian  report (6 May 1952).

The concept of bolstering, the organization by strengthen­
ing the management was implemented by reorganizing the labor­
atories along functional lines and providing the necessary 
s ta ff  support to the Director*

Managerial and executive support was established by organ­
izing the positions o f Deputy Director, Assistant Deputy Direc­
to r, and Assistant Directors fo r Defense, Agents Development, 
Weapons Development, Engineering, and Plans and Evaluation. A 
lis t in g  of personnel occupying these and other key positions w i l l  
be found on page 118. '

A table of organization of the Chemical Corps B io logical 
Laboratories is  presented on page 85.

2. STATUS OF CONSTRUCTION AT CAMP DETRICK

During the past year, substantial progress was made in  pro­
viding new technical fa c i l it ie s  fo r the Chemical Corps B io logical 
Laboratories at Camp Detrick. Other than the Horton Test Sphere, 
a Munitions Loading Building, and two greenhouses, no technical 
fa c i l it ie s  had been erected between the end of World War I I  and 
the end of FI 1953*

Most fa c i l it ie s  far which the H. K. Ferguson Company under­
took construction early in  1951 under the "Expedited Program" 
were turned over to the B io logical Laboratories by the D istrict  
Engineer during FT 1953. These fa c i l i t ie s  include: 
pp-2, -3 , and - 4, providing laboratory and supporting o ffice  
fa c ilit ie s  fo r  P ilo t Plants D ivision; PP-6 , a Simulant P ilo t
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■Plant; C-3, a P ilot Plant for-.obligate parasites o f crops; BS—1, 
fo r  the Aerobiology Branch; M -l and M-1A providing o ffic e  and lab­
oratory space fo r  monitions development (the three test tanks in  
Id—A have not yet been completed by the contractor); and the de­
contamination building which provides an up-to-date plant fo r  the 
steriliza tion  of contaminated effluent from the Laboratories. I t  
i s  anticipated that Building PP-1 and the addition to Building 
431, both of which are P ilo t  Plants, w i l l  be completed by 31 Aug 
1953 (shown in  Figure F - l  as completed). Total cost o f the fac*- 
i l i t i e s  included in  the Ferguson contract is  currently estimated 
at' $15,975,980. This estimate is  exclusive of the costs o f 
$2, 024, 424 fo r  providing a supporting Central Boiler Plant and 
Steam Loop and conducting a u t i l i t ie s  survey. The to ta l value o f 
fa c i l it ie s  which have been or-are about to be turned over fo r  use 
during this period is  $18,000,404.

The following were placed under contract during FT 1953 but 
are not yet completed: new fa c i l i t ie s  fo r the Animal Farm includ­
ing a Service Building and 18 small breeding barns; a laboratory  
and supporting corral fo r  research on large-animals; BS-PD-1 
which w i l l  house the Biophysics Branch, the Chemistry Branch 
and the Statistics Branch; S—1 fo r use by Agent Control Branch o f 
Safety Division; 3-1, a Shop Facility  fo r Research Engineering 
Division; C-2A, Crops Development Storage Shed; the addition to 
the Water Sewer and E lectric Distribution Systems, and the addition  
to the Boiler Plant and Fuel O il Storage. The to ta l cost of these 
w i l l  be $9,729,225. The estimated completion dates o f these 
fa c i l i t ie s  vary from October 1953 to July 1954. (Figure F - l )

The following items, fo r  which funds were appropriated in  
the FT 1951 and 1952 MCA programs, were deferred early  in  FT 1952 
in  order to provide adequate fluids fo r ' the completion o f the Ferg­
uson contract: C iv ilian  Dormitory, $200,000; Special Laboratories- 
F - l ,  -2 , -3, $1,404,000; Qtt Warehouse, Motor Pool and Repair Shop, 
$680,000; and Flnergency Power Building, $290,000. Deferment of 
other items in  these same programs has been recommended recently by 
this Installation so that more urgently needed fa c i l i t ie s ,  fo r  which 
enabling legislation  is  being requested in  the FT 1954 1C A program, 
can be funded. The deferred fa c i l it ie s  are: Laboratory BS-2, 
$892,800; C lin ica l Investigation Building, S-3, $226,500; Engin­
eering Office and Laboratory, 3-6, $521,000; P ilo t  Plant, C-4, 
$1,344,560: Equipment and Storage, E-4 and £-5, $58,000; Labor­
atory Building, BS-3, $521,000; Meteorological Building, MT-1, 
$169,000; and Warehouses W-7 and -10, $122,000.
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■ The Department of Defense, has not released fo r  construction 
certain other items fo r which Congress had appropriated money in  
FT 1951, 1952, and 1953* Certificates o f Essentiality have been 
provided the Secretary of Defense fo r each of these since Janu­
ary 1953 5 however, authority to construct has not yet been granted 
(See Table F - l ) .

T itle  to the additional 529 acres o f land (Area C) fo r Camp 
Detrick has fin a lly  been vested in  the United States Government, 
but only a fter condemnation action was resorted to fo r  several 
tracts. The drawing below shows the configuration o f this new 
land and previously acquired tracts, as w e ll as a summary Has ter  
Plan fo r u tilization  of the land. Area C is  presently used fo r  a 
Crops Outdoor Laboratory. No construction has been started in  that 
area, since releases fo r  construction have not been issued.

Area A — -  Present Land 
Area B -----Present Grid Area

\WV\V Area C -----Recent Land Acquisition
^  __*----- * ----- 4 Planned Restricted Area

Researoh A 
Development

Warehouses, Post 
Engineers, A 
Reoreation
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TABLE P-1, ITEMS IN FT 1951, 1952, 1953, and 1954 
MCA PROGRAMS NOT YET STARTED

Project No. Fiscal Year Project Current Working EBt.

-28 1951
-44,45 1952

-25 1953
-85 1953
-2.2 1951
-2.6 1951
-34 1952
-93 1954

-94 1954
-99 1954
-98 1954
-48 1954
-29 1951
-41 1952
-52 1952
-81 1952
-78
-27 m
-33 19 5 2
-54 19 5 2

-37
-38

3.952
19 5 2

-53 19 5 2

Detection Lab PD-1 
Lab,M V-2,-3,-4,-5(Facility for 
bacterial and v ira l agent devel)
SO Div Biological Lab 
U tilit ie s  (for newly aoq. land)
Plant Science Bldg C -l 
Soils Preparation Bldg.
Two Classified Bldgs.(Oreenbouses) 
Decontamination Bldg. (Not to be 
confused with Lab.Bldg. PD-3)

Addn. to Bldg. 527 (Diln Cham.&Lab) 
Decon. Incinerator 
Communications (Areas A and B) 
Extension to Existing Roads 
Baoterial Nutrition Lab. (BS-4) 
Research Lab. S-2 
Addn. to M-l Bldg.
C lassified Bldg. (Munitions Load.)
Two Igloos 
Laboratory, PD-2
Laboratory, PD-3
Addn. to Meteorological Bldg. (Field  
Test Activities)
Two classified  Bldgs.(Greenhouses) 
Whses W -l,-2 ,-3 ,-4 ,-5 ,-6 ,-8 ,St-9 
Whse for Animal Feed

* 597,000,

6 , 825 , 100 .
4,746,620.
1 ,3 6 7,0 0 0.
1 ,112,000.

274,700.
120.450.

900, 000.
1 ,4 3 0 ,0 0 0 .

1 5 0,0 0 0.
1 2 5 ,000.
1 4 3 , 0 0 0 .
880 , 300.

1 ,041,300.
1 ,2 3 1 ,900.

115 ,000 .
40,000.

575.900. 
663, 300. 
557,200.

1 2 0 .4 50 .
642,600.
119. 900.

TOTAL *23,798,726.
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□I
EX ISTIN G  BUILDINGS 

BUILD IN G S C O M P L E TE D  FYI953 

BUILD INGS UNDER C O N S TR U C T

FIG U R E F - l  B U ILD IN G  S TA T U S  B IO L O G IC A L  L A B O R A TO R IE S  A S  

OF 30 J U N E  1953. (A R E A  'A ")

Security Information



3. BUDGETARY COMSIEERATIOMS
- ' " "v_»" " " —— »

Funds fo r operation of the B iological Laboratories are from four 
sources. Figure B -l shows these sources and the amounts fo r  each. I t  
w il l  be noted that Army R&D, the USAF, and Navy funds have been reduced 
fo r  FT 195U. These reductions w i l l  mean that not only are entire areas 
eliminated, but other planned developments w ill be extended over a 
longer period of time.

The tota l obligations fo r FI 1953, $22,lli0,000, represent a h5% 
increase over FY 1952. The major portion of this increase over FY 1952 
was 'fo r  research and development contracts. This included $3,500,000 
obligated for the extension of the Ralph M. Parsons Company operations 
contract on the "Design and Development of BW Munitions," which is  
presently funded to lU August 195U. A tota l of $5,750,000 representing 
26% was obligated for the pay of personnel of the B io logical Laboratories 
and supporting activ ities. Figure B-2 compares the amount for contracts 
and lo ca l operations at the Biological Laboratories. Actual obligations 
fo r  research and development contracts, including inter-agency agreements, 
were 10% higher in FY 1953 than in  FI 1952, and w il l  be reduced in  FY 195U 
by 5$% from actual contract obligations FY 1953. As of 30 June 1953, there 
were 15U contracts in force with a per -annum value in excess of $9,600,000, 
as shown in Table B -l.

As shown in Table B-2, the tota l funds being provided the B io logical 
Laboratories fo r  FY 195U are approximately the same as actual obligations 
fo r  F I 1952. As o f 15 July 1953, no funds are included fo r  the antianimal 
nor the defensive anticrop programs; the offensive crop program has been 
reduced to approximately 35% of FI 1953 (see Figure B-3) •
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$22,140,000
'///////*

|5,3IO,OOQ...... 110,000

12,000

;:£xj:$:&743ck®

FY  1952 
A C T U A L

FY 1953 
A C TU A L

$15,870,000 _ ^ 31MQO
u iu iM iM im a s

FY 1954 
PROPOSED

CM LC R & D !v !v !v !v iv iv X v  
.......... ..

11111111̂ C M LC  SUPPORT WMMM
U SA F

NAVY

FIGURE B - l .  S O U R C E S  OF FU N D S O B L IG A T E D  BY T H E  
B IO LO G IC A L L A B O R A TO R IE S .
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20,0001“

18,0001­

16,000 

w p o o f-  

12,0001- 

I0,000|-

8,000f-

6,000|-

4 ,0 0 0 ^

2j000|-

Information

$10,290,000

F Y  1952 
A C T U A L

F Y  1953 
A C T U A L

FO R  R & D C O N T R A C T S  

FO R  L O C A L  O P E R A T IO N S

F Y  1954 
P R O P O S E D

FIGURE B-2. FUNDS OBLIGATED FOR R & D CONTRACTS
COMPARED WITH TOTAL OBLIGATIONS OF 
THE BIOLOGICAL LABORATORIES.
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FY 1954. 
PROPOSED

1953 
A C TU A L

FY (952 
A C T U A L

FIGURE B -3 . SUM M ARY OF A C T U A L  OBLIGATIONS FY 1952 & 
FY 1953 A N D  PROPOSED OBLIGATIONS FY 1954 
BY T E C H N IC A L  O B JE C TIV E S .
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Table B-2. SUMMARY OF ACTUAL OBLIGATIONS FY 1952 AND FY 1953 AND 
PROPOSED OBLIGATIONS FY 195b BY TECHNICAL OBJECTIVES

Tech. ObJ. Short T itle

BW-la
BW-lb

Offensive Antipersonnel BW agents 
Defensive Antipersonnel BW agents

BW-2a
BW-2b

Offensive Antianimal BW agents 
Defensive Antianimal BW agents

BW-3a
BW-3b

Offensive inticrop BW agents 
Defensive Anticrop BW agents

BW-Ua
BW-hb
BW-Uc

Detection of BW agents 
Protection Against BW agents 
Decontamination of BW agents

BW-5 Dissemination of BW agents

IO-llt Meteorology

SR-U Supporting Research

Overhead

Totals

FY $2

1 ______ L

FY 53
In Thousands

*  ___ $

n _ &

i __________ l

16.3
5.6

1.0
3.0

l|.9
.7

1.6  
!».2
1.7

l|6.9

.3

1.8 

12.0

2,500
850

i5o
U6o

750
100

250
650
260

7,180

50

270

1,8U0

21.7
7.2

.8
2.5

U.2
.5

It,800
1,590

180
550

930
100

3l*.0
3.5

2.1

5,39U 
553

o
0

333
0

100.0$ $15,310 100.0$ $22,ll|0 100.0$ $15,870

I
... vO
* • .-P*

s
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Table B -l. CONTRACTS AND INTER-GOVERNHENT AGENCY AGREEMENTS IN EFFECT AS OF 30 JUNE 1953

Contracts In the Field of Antipersonnel Biological Warfare Agents

Contractor & 
Contract No. Short T itle

R & D
Project No. P. A. Value

Unlv. of California  
DA-l8-06b-CML-li71

Develop a Method for Culturing 
Oonyaulax catanella

ll-6l - l l |-001 1 16,$80.00

Univ. of Pittsburgh 
DA-l8-06li-CML-li7li

Studies on the Biophysical Character­
izations of Botulinus Toxin and 
Other Protein

I1-6I4-06-002 13,110.00

Univ. of I llin o is  
DA-l8-061i-CML-li9li

Research on Shellfish Poison U-61- 1U-001 111,667.00

Univ. of Mississippi 
DA-I8-O6I4-CML-I8 58

Physiology and Pharmacology of 
Botulinus Toxin

li-6l|-06-002 6,000.00

Univ. of Minnesota 
DA-18- 0614-CML-2302

An Investigation of the Toxic 
Principles Which Occur in Certain 
Blue-Green Algae

l»-6l,-01-001 111, 800.00

Northwestern University Investigations and Tests on Shellfish l|-6l-lli-001 
DA-l8-06h-CML-2331 Poisoning

21, 818.00

Long Island Bio Labs 
DA-18-06U-CML-2360

Research Studies of Factors Inducing 
Resistance to Transmissible Mouse 
Leukemia

ll-6il-09-001 26,62$.00

Methieson Chem. Corp. 
DA-I8-O6I4-CML-2385

The Purification & Characterization 
of a Shellfish Poison

ll-6l - l l i -001 33,500.00

Univ. of Wisconsin 
DA-l8-06U-CML-2110

Investigations on the Drying and 
Stabilization of Bacteria

U—11 —02 -ol» 5 $9, 580.00

vOV*



Contracts In the Field of Antipersonnel Biological Warfare Agents -  continued

Contractor & 
Contract No. Short T itle

R & D
Project No. P. A. Value

Purdue University 
DA-l8-061i-CML-2ll9

Development of High Velocity Spray 
Dryer for Use with Highly Therraa- 
viable BW Materials

14-92-02-02$ $ 1L ,230.00

Oeneral H ills , Inc. 
DA-18-0614-CML-2336

Processing of Dry Materials to Pro­
duce and Collect Particles less 
than $ Microns in Diameter

U-92-02-025 298, 900.00

USDA—BAIC 
CD3-2U60

Drying Vegetative Bacteria 14- 11 -02-014$ $68, 380.00

Univ. of Notre Dame 
DA-II-O6I4-CML-I468

Preparation ft Evaluation of CO-i 
Particles

14-11-02-0*4$ 23,U$0.00

I
American Type Culture 

Collection 
DA-18-06U-CKL-2108

Factors Influencing Recovery of 
Viable Organisms after Freeze 
Drying

14- 92-02-02$ 10,8146.00

Univ. of Minnesota 
DA-I8-O6I4-CML-2I4O8

A Survey of Scientific Literature 
on Drying

14-11-02-0*4$ 16,000.00

Univ. of West Virginia  
DA -18 -061|-CML-2393

The Properties of Exudates
Associated with Plant Pathogenic 
Bacteria

14-11-02-014$ 9,950.00

Lederle Labs., Inc. 
DA-l8-06li-CHL-2l|13

A Study of Additives and Drying 
Techniques

14-92-02-02$ 26,2$0.OO

Wahl-Henius Means to Maintain Viable Organisms 14-92-02-02$ 97,700.00
DA-I8-O6I4-CML-2I4IO Subjected to Freeze Drying

2



Contracts in the Field of Antipersonnel Biological Warfare Agents -  continued

Contractor A 
Contract No. Short T itle

R A D
Project No. P. A. Value

Univ. of Chicago 
DA-l8-06l4-CML-u9$

Investigation of Methods of Active 
Immunization

14-11-02-02$ 8 214,000.00

Univ. of Cincinnati 
DA-l8-061i-CML-l6$6

Virulence Relations in Shigella 14- 11 -02-020 7,6$0.00

Univ. of Cincinnati 
DA-18-06U-CML-1661

Metabolic Differences Associated 
with Virulence -  Avirulence in 
Bacterium tularense

U - l l -02-019 6,793*00

Oniv. of Texas 
~ EA-18-06U-CHL-1852

Univ. of Wisconsin 
DA-l8-06l*-CML-1911

Infectivity & Virulence of Vibrio 
cholerae

U - l l -02-020 10,700.00

Oenetic Recombination of Bacteria 14-11 -02- 02U 10,0$0.00

Trudeau Foundation 
DA-18-0614-CKL-2112

Tuberculin Reaction in Guinea Pigs 14-11-02-02$ i$,oUo.oo

Univ. of Kansas 
DA-l8-06l4-CML-2ll$

Imnunology Virulence A Metabolism of 
Bacterium tularense

U-ll-02-019 114,000.00

Univ. of Chicago 
DA-18-0614-CML-2281

An Investigation of the Virulence of 
Cholera Vibrio

U-ll-02-020 3$,700.00

Univ. of California  
DA-18-06U-CNL-2291

Research Studies of Factors Govern­
ing the Virulence A Immunizing 
Potency of Members of the Genus 
Brucella A Mechanisms by which the 
Infection A Immunity May be 
enhanced

14-11-02-027 19,28$.00



Contracts in the Field of Antipersonnel Biological Warfare Agents -  continued

Contractor A 
Contract No. Short T itle

R & D
Project. No. P. A. Value

Univ. of Wisconsin 
DA.-I8-O6I4-CML-2298

Research Services Concerning the 
Physiology of Brucella Species

U-ll-02-027 $ 9,000.00

Long Island B iol. Assn. 
DA-18-06U-CML-2299

Research Studies of the Effects of 
Environment on the Origin A 
Establishment of Bacterial 
Variants

U-11-02-02U 2U,300.00

Univ. of Texas 
DA-18-06U-CML-2301

A Study of the Factors Involved in 
Iimnunity in Brucellosis

U-ll-02-027 8,800.00

Wesleyan University 
DA-I8-O6I4-CML-2362

Research Studies on the Basic
Mechanisms of Mutation in Bacteria

U-11-02-02U 13,900.00

Univ. of Utah 
DA-I8-O6U-CML-2363

Immunochemical Studies of Bacterium 
tularense

U - l l -02-019 9,000.00

USDA—BAIC 
CD3-553

Effect of Photo-oxidation on 
Biological Activity of

U-11-02-02S 20,000.00

USPH3—CDC 
CD3-555

Airborne Transmission of the
Causative Agent of Histoplasmosis 
Histoplasma capsulatum

U-11-02-035 39,900.00

Duke University 
DA-l8-06U-CML-i»8$

Testing Fungistatic Activity of 
Organic Compounds Against Human 
Pathogenic Fungi

U-61-O9-0O5 9,933.00

Johns Hopkins Univ. 
DA-18-06U-CML-U70

Preparation of a Toxoid for Immuniza­
tion Against Type "C1* Botulinum 
Toxin Food Poisoning

U-61-09-00U 16,135.00



Contracts in the Field of Antipersonnel Biological Warfare Agents -  continued

Contractor & R & D
Contract No. Short Title Project No. P. A. Value

Parke-Davis Co. 
DA-18-06L-CML-1LL5

Investigation of Combined Botulinum 
Toxoid

li-6l-09-00U $ 2$,285.00

Parke-Davis Co. Development of Methods of Large U-6I - 09-OOI4 LL,375-00
DA-18-06L-CML-2339 Scale Production of Anthrax Antigens

Parke-Davis Co. 
DA-18-06U-CML-2386

Development of a Multiple V ira l- 
Rickettsial Vaccine

L-61-09-00U 111,500.00

Univ. of Chicago 
DA-18-0614-CML-2032

Methods of Concentration 4t Purifica­
tion of Staphylococcus Enterotoxin

L-oL-iL-ooL 33,LOO.00

USDA—BAIC
CD3-553

Development of a Practical Fermenta­
tion Method for Producing Entero- 
taxin .

n-ou-m-oou b l ,500.00

Univ. of Florida 
DA-18-0614-CML-2358

Study of Toxins of Higher Fungi L-ll-02-029 16,500.00

Univ. of North Carolina 
DA-I8-O6I4-CML-I66I1

Studies of Psittacosis Virus Toxin L - l l -05-010 9,550.00

Univ. of Chicago 
DA-l8-06U-CML-1909

Biochemical & Immunological Investi­
gations on the Psittacosis Lympho­
granuloma Group of Viruses

b-11-02-021 19,750.00

Johns Hopkins Univ. 
DA-18-06U-CKL-2308

Research Studies of the Synergism 
Between Viruses and Bacteria

U-11-02-023 22,000.00

Johns Hopkins Univ. 
OA-18-06U-CML-2365

Research Studies on Combinations of 
Rickettsiae & Selected Agents

b-11 - 02-023 2L,200.00



Security In
form

ation

Contracts in the Field of Antipersonnel Biological Warfare Agents -  continued

Contractor &
Contract No.

Indiana University 
DA-18-061;-CM L -2 372

USPHA--NIH, Rocky Mt. 
Lab.

CD3-l5b7

Short Title

USPHS—CDC 
CD3-15U8

C a lif. State Dept, of 
' Health
DA-18-06U-CML-2337

Southern Research 
Institute

DA-18-06U-CKL-2395

Univ. of C a lif. 
N7-ONR-29536

R & D
Project No.

Tissue Culture Studies of Viruses & b-11-02-021
Rickettsiae b-ll-02-0b7

Laboratory Studies on Selected Micro- U-ll-Ob-OOb 
organisms in Relation to Their 
Anthropod Vectors (Project No. l )

The Study of Multiple Infections 
Produced by Microorganisms of 
Their Products (Project No. 2)

14-11-02-023

Studies & Experimental Investigations b -ll-02 -0b l 
with VEE Virus

Airborne Transmission & Dissemination U-ll-02-0b7 
of "QM Fever

A Search for Antiviral Agents l*-6l-09-005

Research on Coccldioldes inunit Is 

Research on Pasteurella pestis 

Experimental Epidemiology

U-ll-02-035

1;-11- 02-036

1;-6 l-05-001

P. A. Value 

$ 11,950.00

73,616.00

32,5U3.00

36, 300.00

59,950.00

Research on Malleomyces pseudomeallei l|-11-02-03b lb2,000.00

98, 000.00

71,000.00

71,000.00

Total

Security Inform
ation



Contracts in the Field of Antianimal Biological Warfare Agents

Contractor & 
Contract No. Short Title

R 4 D
Project No, P. A. Value

Univ. of Minnesota 
DA-18-06U-CML-2029

Investigations of the Effects of 
Swine Influenza

U-11-02-OUU $ 12,000.00

Univ. of Wisconsin 
DA-18-06U-CML-203U

A Study of Vesicular Stomatitis in 
Domestic Animals

U-11-02-0U3 28,668.00

Iowa State College 
DA-16-06U-CML-20 3$

Investigation & Study of Hog Cholera 
Virus

li-ll-02-0UU 2U,350.00

Johns Hopkins Univ. 
DA-18-06U-CML-2300

An Analysis of the Destruction Ef­
fects (Virulence) of Certain 
Pneumotropic & Neurotropic Viruses

U-ll-02-030 17,500.00

Michigan State College 
DA-l8-061|-CML-230U

Modification of Animal Viruses U-ll-02-0b2 30,330.00

Cornell University 
DA-18-06U-CML-2359

Investigations of V iral & Rickettsi­
a l Agents Causing Epizootic Dis­
eases of Ruminants

U-11-02-0U2 35,000.00

Univ. of Minnesota 
DA-18-06U-CML-2370

Research Studies on the Development 
of a Genetically Small-Sized Pig 
for Laboratory Use in Veterinary 
and Human Medical Research

U—11—02-0Uli 2U,900.00

Univ. of Wisconsin 
DA-18-O6I4-CML-2 377

Research Studies of Virulence & Immu­
nogene city Among Strains of 
Newcastle Disease Virus

U-ll-02-030 17,800.00

USDA—BAI 
CD2-6686

Studies of Feed Pe lle l. Collection 
of Exotic Viruses in Foreign 
Countries

U-11-02-OU2 120,300.00



Contracts in the Field o f Antianimal Biological Warfare Agents -  continued

Contractor &
Contract No. Short T itle

R & D
Project No.

USPHS—CDC Q Fever Vaccination U-ll-02-0li7
CD3-136

USDA—BAI 
CD3-730

Studies of Viruses of Foot & Mouth U-11-02-OU3 
Disease in Suckling Laboratory 
An Inals

Univ. of C a lif. 
N7-OHR-29536

T ex a s A&M C o lle g e
DA-l8-06i|-CML-2397

\

Research on Vesicular Infections l|-ll-02-Qli3 

Field Assessment of Anthrax Vaccine l*-ll-02-0lt2 

T oU l

P. A. Value 

$ UO,000.00

52*000.00

92,000.00

23,000.00

tg17.8i48.00



Contracts in the Field of Anticrop Biological Warfare Agents

Contractor & 
Contract No.

Regents of the Univ.
of C a lif. 

DA-I8-O6I4-CML-303

Univ. of Wisconsin 
DA-I8-O6I4-CML-I476

Iowa State College 
DA-18-061*-CML-I602

Oklahoma A&M College 
DA -16 -O6I4 -CHL-1658

Univ. of Nebraska
DA-l8-06U-CML-l659

Rutgers University
DA-18-06U-CML-1662

Iowa State College 
DA-l8-061*-CML-1922

Univ. of Minnesota 
DA-18-06U-CML-2U05

Univ. of I l l in o is  
DA-18-0614-CML-2295

Short T itle
R 4 D
Project No. P. A. Value

The Inactivation of Certain Plant 
Growth Regulators

U-ll-02-009 $ 7,350.00

Investigation on Stem Rust of 
Cereals

U-11-05-003 
U-ll-02-026

30,050.00

Preparation of Compounds for Studies 
Relating Chemical Structure to 
Growth Regulatory Activity

l l - l l -02-008 12,000.00

Investigation of the Effects of 
Herbicides and Growth Regulators 
on Wheat, Sorghum, and Other Crops

l*-11-02-010 
U-ll-02-011

7,200.00

Virus Infection of Plants l l - l l -02-039 19,000.00

Effects of Plant Growth Regulators 
on the Nitrogen Metabolism of 
Plants

U-11-02-O09 5, 200.00

Varietal Responses to Growth 
Regulators

U-ll-05-001 6,960.00

The Ecology of Cereal Pathogens U-ll-02-026 16,000.00

The Synthesis of Organic Fluorine U-ll-02-008 11,360.00
Compounds



Security In
form

ation

Contracts in the Field of Anticrop Biological Warfare Agents -  continued

Contractor & 
Contract No. Short T itle

R & D
Project No. P. A. Value

Southern C a lif. Univ. 
DA-I8-O6I4-CHL-2306

Research Studies of the Chemical it 
Physical Properties of Phenoxy- 
acetic Acids

l*-ll-02-009 I  12,1*50.00

West Virginia Univ. 
DA-I8-O6I4-CML-233I4

Investigation1 of Races & Strains of 
Phytophthora Infestans

1*-11-02-01*0 10,950.00

Tracerlab, Inc. 
DA-18-0614-CML-2356

Carbon-ll* Analyses U - l l -02-009 20,1*00.00

Univ. of Rhode Island 
DA-l8-06U-CML-237l|

Studies on Varietal Differences in 
Response of Potatoes to Selected 
Plant Qrowth Regulators

l*-ll-02-010 It, 200.00

Mississippi State 
College

DA-10-O61*-CML-2 381*

Research Studies Relative to Re­
sponses of Cotton to Selected 
Plant Qrowth Regulators

1*-11-02-010 10,000.00

Auburn Research 
Foundation 

DA-l8-061*-CML-2387

Synthesis of Indole Derivatives and 
Related Compounds

!*-ll-02-008 8,900.00

Smithsonian Institute  
DA-I8-O6I4-CML-2388

Research Studies on the Influence of 
Plant Growth Regulators on Oxida­
tive Phosphorylaxation and Related 
Biochemical it Physiological 
Processes

U-ll-02-009 7,500.00

US DA—BAIC
CD3-50O

Production, Purification, A Identi- b-11-02-012 
fication of Gibberellin Produced 
by the Organism Fusarium Moniliforme

15, 500.00

M

Security Inform
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Contracts In the Field of Anticrop Biological Warfare Agents -■ continued

Contractor & 
Contract No. Short T itle

R A D
Project No. P. A. Value

USDA—BAIC
CD3-553

Synthesis of Some Compounds for Tests 
as Plant Growth Regulators

14-11-02-008 $ 5*000.00

USDA--BPI
CD3-1000

Screening of Chemicals as Plant 
Growth Regulators

U - l l -02-008 12,000.00

Effects on Crops of Chemicals 
Applied in Irrigation

14-11-02-011 3,000.00

Rice Diseases and Herbicide Responses U-ll-02-012 5,000.00

Cereal Rust Epidemiology {4-11-02-026 20,000.00

Soil Survey 14-11-03-001 3,000.00

Rust Resistant Germ Plasm in Small, 
Grains

14-11-05-003 {45*000.00

USDA—BPI 
CD3-3U50

Furnishing* Preparation, A Mainten­
ance of 6,000 sq .ft , of Greenhouse 
Space

(4-11-03-001 17 , 000.00

USDA—BPI 
CD3-35U5

High Temperature Tolerant Strains of 
Phytophthora Infestans

I4-H -O 2-OI4O 8,975.00

USDA—OFAR 
CD3-3666

Phonological Maps of Specified Crops 
in Countries of Eastern Asia

14-11-02-010
14-11-02-026

214,000.00

USDA—BPI 
CD3-1*295

Bibliography of Foreign Plant 
Diseases

14-11 -02-012
14-11-02-039

20,000.00

•t

Security Inform
ation



Security Inform
ation

Contracts In the Field of Anticrop Biological Warfare Agents -  continued

Contractor &
Contract No. Short T itle

R tt D
Project No.

USDA--BAIC
CD3-U390

Antigenic Properties of Rust Spores U-ll-05-003

P. A. Value

# 8,800.00

Total

Security Inform
ation



g g n fo a e ts  the  F ie ld s  of  D e te c t io n , P r o te c t io n ,  and Decontamination A g a in st  BW Agents

Contractor A 
Contract No.

Armour Research Corp. 
DA-18-0614-CML-2106

Univ. of Mississippi 
DA-18-06U-CML-2296

Aeroprojects, Inc. 
DA-18-061i-CML-2309

Southern Research 
Institute  

DA-l8-06l|-CWL-236l

Polaroid, Inc. 
DA-18-06U-CML-2U25

USPHS—EHC 
CD2-6220

USDA--BAIC
CD3-119

N a t 'l.  Bur. of 
Standards 

CD3-1596

USPHS—C DC 
CD3-1633

Short T itle
R A D
Project No. P. A. Value

Methods for Field Detection of 
Proteins A Bacteria

U-11-05-007 $ 53, 370.00

Research on A Development of an 
Acoustic Type Particle Counter

U-11-05-007 13, 600.00

Study A Development of Specialized 
Aerosol Samplers

U-11-05-007 29, 550.00

Research Studies on Detection of 
Biological Warfare Agents by 
Means of Particle-Size Distribution

U-ii-o5-oo7 22,665.00

Development of a Bacterial Aerosol 
Field Detection Device

14-11-05-007 5U,Uoo.oo

Development of Rapid Identification  
Procedures by Infrared Spectro­
photometry

u-11-05-007 U3,182.00

Differentiation of Microorganisms by 
Infrared Spectra

U-11-05-007 30, 500.00

Detection A Determination of Sus­
pended Protein Material in Air

U-11-05-007 35, 000.00

Bacterial Air Sampling in a Large 
Industrial Area

u-11-05-007 18,181.00

Determination of Protein Content in U-11-05-007 19,732.00



Contracts In the Fields of Detection, Protection, and Decontamination Against BW Agents -  continued

Contractor & 
Contract No. Short Titlei

R & D
Project No. P. A. Value

Lovell Chemical Co. 
DA -18 -O6I4-CML- 21*0 7

Develop Membrane Filters of Graded 
Porosity

1*-11 -05-007 $ 20,000.00

USPHS—CDC 
CD3-550

Studies on the Microbiology of Air -  
Laboratory Processes

14-11-05-010 63,725.00

Florida State Univ. 
DA-18-06U-CML-2383

Investigation of Tarpaulin Materials ii-11-05-005 32,000.00

University of Florida 
DA-18-061i -CML-2030

Preparation of Substances Gaseous U-11-05-00U 25,000.00

Southern Research 
Institute

DA-l8-06l*-CML-2l02

Methods for Dispensing Formaldehyde U-ii-05-ooU 22,600.00

Henry Ford Hospital 
DA-18-06U-CML-229U

Investigation of Chemical V iricidal 
& Sporicidal Agents

li-n-o5-oob 33,918.00

Univ. of Michigan 
DA-I8-O6I4-CML-2376

Research Studies of the Mechanism of 
Action of Ethylene Oxide on 
Microorganisms

14- 11 -05-001* 9,1*00.00

Bucknell University 
DA-l8-06l*-CML-238l

Investigations of Kinetics of Ethyl- 
enimini Reactions

h-ii-05-ooli 17,915.00

US DA—BEPQ 
CD2-5762

Development of a Dispenser for 
Formaldehyde Vapor

I4- 11 -05-00U 18,250.00

B. F. Goodrich Co. 
DA-18-0614-CML-2396

Method for Using Beta-propiolactor\e 
as a Sterilizing Agent

I4- 11-05-00I4 30,000.00

M
r
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g°.ntr a c t3  i n the  F ie ld s  o f  D e te c t io n , P r o te c t io n ,  and Decontamination A gainst BW Agents -  con tin ued

Contractor &
Contract No. Short T it le

R & D
Project No. P. A. Value

Warner In stitute  fo r  Study the Mechanism of Action of l|-ll-05-00li $ 5 6 .I4 8 7 .CX)
Therapeutic Research V ir ic id a l, Sporicidal, & Bact-

DA-I8 -O6 I4-CML-2 I4CX) e r ia l  Action of Reactive
Compounds

B atte lle  Memorial 
Institute

DA-I8 -O6 I4-CML- 2 3 7 8

I
USPHS— CDC

'

Research Studies on the Evaluation I4-6 I-OI4-OOI 1|9,775.00
& Design of Procedures & Equipment 
to be used in Bacteriology

Developing o f Methods fo r  Recovering I1- I I - 0 2 -OI4I  19.119.CX)
& Recognizing V ira l & R ickettsial 
Agents in Their Natural Environ­
ments Including A ir , Water, S o il, 
etc.

Total

§

3
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Contracts in the Field of Dissemination of Biological Warfare Agents

Contractor & 
Contract No. Short T itle

R & D
Project No. P. A. Value

Harvard College
DA-l8-06l*-CML-l651*

Effect of Atmospheric Conditions on 
the V iability  of Organisms in 
Aerosols

U-II-OI4-OO3 $ 20, 750.00

Mellon Institute of 
Industrial Research 

DA-18-0614-CML-2293

Retention and Distribution of 
Particulates in the Respiratory 
Tract of Experimental Animals

l*-ll-0l»-003 16,300.00

Lehigh University 
DA-l8-06t*-CML-2332

Effect of Biologically Active Sub­
stances on Persistence of A ir­
borne Microorganisms

U-II-OI4-OO3 21, 500.00

Oeorgia Inst, of 
Technology 

DA-18-06U-CML-2379

An Investigation of the Factors 
Determining Aggregation of Fine
Particle Matter Suspended in A ir

•

U-ll-Oli-003 21,(|86.00

Univ. of Maryland 
DA-I8-O6I4-CML-238O

Studies of Aerosols with a Simple 
Cloud Chamber Technique

(*-11-02-029 22,850.00

N a t 'l. Bur. of 
Standards 

CD3-69UO

Research in Application of 
Mathematical Statistics to Problems 
of the Chemical Corps

l*-6(*-05-001 30,000.00

Leland Stanford, Jr.
University

DA-l8-06l»-CML-l856

Research Concerning the Propagation 
of Airborne Agents

l*-ll-0l*-005 31*3,800.00

The Ralph M. Parsons Co. 
DA-18-06U-CKL-2282

Research Studies of Aerosol Cloud 
Travel over Cities

l*-ll-0l*-005 378,100.00

Prime, Inc. 
DA-l8-06li-CML-2399

Design & Fabrication of Special 
Aerosol Sampler

li-98-O 5-020 32,295.00

S
ecu

rity In
form

ation
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Short T itle

£?nt r a c t s  in  th e F i e l d  of D issem ination of B io lo g i c a l  Warfare Agents - continued

Contractor & 
Contract No.

Penna. State College A Basic Study of the Physics of 
DA-l8-06t*-CML-ll*02 Aerosol Formation

The Ralph M. Parsons Co. Design and Development of Equipment 
DA-l8-06l*-CML-l533 fo r Test Sphere

Aircr&ft^ AnnsnentSy I  no Development It Fabrication of Proto­
type Glide Clusters

Mathematical Theories Applicable to 
Formation tt Behavior of Aerosols

Development of Protective Garments

DA-18-06U-CML-1857

New York University 
DA-l8-06U-CWL-l860

Univ. of Notre Dame 
DA-I8-O6I4-CML-I907

Battelle Memorial 
Institute

DA-l8-06l*-CML-19ll|

Aeroprojects, Inc. 
DA-l8-061*-CML-2026

Rheem Mfg. Co. 
DA-l8-061*-CML-2O28

General M ills , Inc. 
DA-l8-06l*-CML-210i*

An Investigation Leading to the ' 
Development of a Method for 
Determining the Particle Size 
Distribution & Concentration of 
Aerosols

Investigation & Development of U ltra­
sonic Aerosol Devices

Development of Experimental Dispen­
ser System for Small Pellets

Development of a Special Munition

R St D
Project No. P. A. Value

U-oU-iU-ooi $ 60,850.00

l*-n-ol*-ooi 69,120.00

l|—0l»—ll|—008 118, 1*80.00

l*-61*-06-002 10,200.00

ll-ll-o li-ooi 13,567.92

(/>

3.

U -ii-oli-ooi 83,565.00

l

a.0
a

i*-ol*-ii»-ooi 17l*,000.00

Il-Oli-lh-OOl 1*9,527.00

l*-01*-ll*-011 100,070.00

I
I

E
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Contracts in the Field of Dissemination of Biological Warfare Agents -  continued

Contractor & 
Contract No. Short T itle

R & D
Project No.

The Ralph M. Parsons Co. Design St Modifications to Test 
DA-l8-06ii-CML-2l20 Sphere

The Ralph M. Parsons Co. Design St Development of BW Munitions 
DA-18-06U-CML-2283

IUniv. of Minnesota 
DA-18-06U-CML-2389

:<Knapp-Monarch Co.
.j DA-l8-06b-CML-2292

Ohio Research Found. 
DA-18-06U-CML-2305

George Washington Univ. 
DA-I8-O6I4-CML-23O7

A. I). L ittle , Inc. 
DA-18-061i-GML-2329

Minneapolis-Honeywe11 
DA-18-06U-CML-2335

Wind Tunnel Time & Related Services 
at Rosemont

l*-0l*-ll*-001
U-0lt-lli-002
U-OU-II4-OO8
b-Oli-m-013
L-ll-Oli-001
I4-OI4-II4-OII4
li-Ol»-lU-Ol6

l*-0l*-lh-006

Development of Equipment fo r F illin g , L-0li-lL-002 
Sealing, St Leak Testing Small ’
Cylinders

Quantitative Determination of Protein L-ll-Oli-OOl 
at High Dilution

Research Studies on the Physics of 
Explosive Dissemination

Research & Development Services to 
Bring £-99 Bomb to Engineering 
Acceptability as a Candidate 
Munition

Research Studies & Tests of a Cush­
ioned Sphere

U-OI4-II4-OOI 
I4-Oh-Hi-002

li-Cli-lli-013

li-OU-lh-013

P. A. Value

h-ll-Oh-OOl $170,950.00

2,633,892.00

17.520.00

39.857.00

15,000.00

197,975.00

Uo5,Coo.oo

1*9, 000.00 E

Security Inform
ation



Contracts in the Field of Dissemination of Biological Warfare Agents -  Continued

Contractor A 
Contract No. Short T itle

R A D
Project No. P. A. Value

Minneapolis-Honeywell 
DA-l8-06li-CML-2338

The Design & Development of a High 
Level Opening Device for Spherical 
Munitions

U-Oli-lL-OOl $ 58,800.00

Minneapolis-Honeywell 
DA-18-06U-CML-23U0

The Design & Development o f Specific 
Munition with Low Level Opening 
Device

U-OU-1U-002 118,935.00

Unlv. of Maryland 
DA-I8-O6U-CML-236I4

Analyses & Development of Prototype 
Munitions by Wind Tunnel Tests

U-OU-lU-OOl
U-Oli-lL-002

U5, 0Lo.oo

Battelle Memorial 
Institute

DA-18-0614-CML-2375

The Application of Ultrasonics to 
Biological Systems

li-ll-Oli-OOl 9U,300.00

USDI—Bureau of Mines 
CD3-679

Study of Flow Properties of Fine 
Particles

ll-OL-lll-ool 21,000.00

Naval Research Labs. 
PO-CMLRE-13-53

Development of Solid Powder Grains h-OL-lll-ool 60,000.00

Danielson Mfg. Co. 
DA-I8-O6I4-CML-2I4O6

Development of Molded Nylon Samp­
ling  Devices

li-ll-Oli-OOl 26,200.00

Lovell Chemical Co. 
DA-I8-O6I1-CML-2I4O7

Develop Membrane Filters of Graded 
Porosity

14-1 1 -014-001 51,500.00

Dumont Laboratories 
DA-18-06 l»-CML-2li 38

Development of an Automatic Colony 
Counter

li-ll-Oli-OOl 93.000.00

>5.666,h29.00Total



a . GENERAL REVIEW OF PERSONNEL jVCTIVITIES

As of 30 June 1953> the s ta ff of the Chemical Corps B iological 
Laboratories totaled 1562 and consisted of 1267 c iv ilian  and/military / j  
personnel. The figures indicate a growth of 364 during the f is c a l  year 
which represents an increase of 386 c iv ilian s and a decrease o f 22 
m ilitary . Most of the c iv ilian  growth resu lts from the organization­
a l  transfer of functions such as the Comptroller's O ffice, Purchasing 
and Contracting Office, C iv ilian  Personnel O ffice, and the Miscellan­
eous Services O ffice to the B iological Laboratories from Post Head­
quarters during the f i r s t  quarter of FT 1953. There was an increase 
o f 118 wage board (ungraded) personnel. Compared with June 1952, pro­
fessionals increased 68, while the sub-professionals decreased 29.
In  addition to the fu ll-tim e s ta ff , the services of 16 consultants 
and experts were used fo r  a to ta l of 104 days during the f is c a l  year.
(See page 329).

Not included in  any of the figures given in  the preceding par­
agraph are the contract personnel working fo r the B iological Labor­
atories on research and development projects in  Frederick and Brad- 
dock Heights, Maryland, as fo llows: Ralph LI. Parsons Co., 403 (con­
tract period 28 June 1952 to 31 August 1954); George ./ashington 
University, 15 (contract period 15 November 1952 to 14 November 
1954).

The graph P-1 shows c iv ilian  strength from FT 1950 through 
FT 1953. In addition, there are 140 Army enlisted scientific  and 
professional personnel and 47 Navy enlisted men assigned to the 
Laboratories; most of the Navy personnel have sc ien tific  training*.

The o ffice r strength assigned to the Laboratories at the end o f 
FT 1953 was 42 Amy, 11 Navy, and 53 A ir Force, or a tota l of 106. 
Further, there were 21 o fficers and 79 enlisted men assigned to the 
supporting elements. Also, 6 additional enlisted men from Dugway 
Proving Ground served a to ta l of 90 days on a detached basis fo r  
specia l assignments in  the B io logica l Laboratories.

The graph P-2 shows the strength in  B io logical Laboratories and 
Supporting elements fo r  FT 1947 through FT 1953. The tota l strength 
( fo r  planning purposes) i s  shown fo r  FT 1954 and FI 1955 on the 
same graph. I t  w i l l  be noted that the planning strength fo r  the 
supporting elements-has decreased fo r  F I 1954 arid 1955 when compared 
with previous years, whereas the planning strength fo r  B io logical 
laboratories fo r the same two years shows a substantial increase.
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These requirements are in -lin e  with the change in  guidance 
(outlined in  General Directive*Ko. 4 and it s  supplements 1 and 2 
dated 24 February, 20 March, and 10 A pril 1953). The guidance 
placed emphasis on end-item development instead of research, 
which necessitates increases in  personnel p articu larly  in  such 
areas as the P ilo t Plants and others in  development a c tiv it ie s . 
There was a sh ift o f emphasis from the development o f d eb ilita t­
ing to le th a l agents which require safer fa c ilit ie s  fo r  operating 
personnel, cause increased d iffic u lty  in  developing such agents, 
and necessitate the in stitution  of screening programs on candi­
date agents. This too requires additional personnel.

The net requirement fo r additional personnel caused by the 
, change of guidance has been assessed as 417 additional people fo r  
FT 1954 and an additional 347 fo r FT 1955. The new fa c ilit ie s  
w m  permit many of these ac tiv itie s  to be handled much mere 
safely than has been possible in  the past, and they w i l l  permit 
more e ffic ien t u tiliza tio n  of existing personnel as w e ll as pro­
vide adequate space fo r  the pl anned increase.

Considerable d ifficu lty  has been experienced th is year as a 
resu lt of fluctuating personnel po lic ies. For several years the 
Department of Defense has had an over—a l l  personnel ce ilin g  of 
500,000 graded employees placed upon i t  by Congress. This has 
resulted in  each Installation  in  turn receiving it s  own allotments “  
fo r  the number of personnel i t  is  authorized to employ. In Feb­
ruary 1953, a d irective was received which prohibited the h iring  
of additional personnel or the f i l l in g  of vacancies u n til new 
authorizations were se t. The new authorization, when received, 
set a total authorized figure less than the number actually employed, 
tfai* enforcing a reduction in force. RIF notices were issued to 52 
persons employed in  the B iological Laboratories and in  supporting 
elements under the jurisd iction  of the Commanding O fficer of Camp 
Detrick. Two weeks prior to the effective date of the RIF notices 
(31 Hay 1953), authorization was received to reach the new personnel 
ceiling  by a ttr it io n . This resulted in  the withdrawal of a l l  but 4 
RIF notices, and these were in  supporting elements controlled by 
Second Amy. In June, the number of authorized allotments was 
increased by 126 (3 Graded and 123 Ungraded) along with the additional 
authorization to recru it ID percent (136) over the 30 June a llo t ­
ment. F isca l year 1953 ended with the B io log ica l Laboratories under 
authorized strength. Long term planning, employee morale, and rec­
ruitment e fforts have suffered as .a resu lt o f the issuance and 
withdrawal o f RIF notices and the subsequent attempt to recruit 
additional personnel.

A lis t in g  o f key personnel o f the Chemical Corps B io log ica l 
Laboratories is  given on the fo llow ing page (See a lso  the Table 
of Organization, page j g ) .

:? ;
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d a t e :
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£00 400 600 800 1000 I ZOO 1400
'  I---------------1 T 1 * ( ♦ i l—

JU N
1953

MAR
1953

JAN
1953

SEP
1952

JUN
1952

MAR
1952

JA N
1952

JA N
1951

JAN
1950

X REPRESENTS TRANSFER OF CERTAIN SUPPORTING ELEMENTS 
TO BIOLOGICAL LABORATORIES.

- ALLOTMENTS ( NO.)

PROFESSIONAL CGS-5 -  GS-15)

SUBPROFESSIONAL CGS-l-GS-7)

ADMINISTRATIVE (GS-2-GS-7, CPC-3 — CPC-6)

WAGE BOARD CG-1 -  G-34>

FIGURE P-1. C IV ILIA N  P ER S O N N EL OF T H E  B IO LO G IC A L
L A B O R A TO R IE S  BY GROUPS— J A N  1950-JUN 1953.

Security Information



F IS C A L  
YEAR
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1953
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1951
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1949
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NUMBER OF PERSONNEL 
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i960

-

659
1661
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PLANNING E S TIM A TE S -------------

B IO L O G IC A L  L A B O R A T O R IE S  

SUPPORTING ELEM EN TS

* RE PRES ENTS TR ANSFER  OF CERTAIN SUPPORTING 
ELEM ENTS TO  BIOLOGICAL LABORATORIES.

FIGURE P-2. CIVILIAN AND M ILITARY P ER SO N N EL FOR T H E  
BIOLOGICAL LABORATORIES AND SUPPORTING 
ELE M EN TS  —  FY 1947 -F Y I9 5 5 .
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b . KET PERSONNEL IN THE CHEMICAL CORPS BIOLOGICAL LABORATORIES* •. a •

D ire c to r .................................... r  . . . .Leroy D. FothergLll, M.D.
Deputy D ire c to r .................. ...  John L . Schwab, Fh. D.
Assistant Deputy Director . . . . . .  V. L . Ruiret, Lt Col, CmL C
Safety D ire c to r .................. ...  . . A. G. Wedum, U. D.
Assistant Director, Plans
and Evaluation ....................................  C. R* Ph illip s , Ph. D.

Assistant to the Director
fo r  Administration...................... ...  . R. D. Chapman, Lt Col

Liaison O ffices . . . . . .  • • • • •  (See page /x^-
C iv ilian  Personnel O f f ic e ............... ...  J. R. Thompson
Purchasing & Contracting O ffice • . . C. M. Willoughby, Major 
Special Assistant for Veterinary
M edicine............................. .................. R. Randall, Colonel

Assistant Director, Defense...............G. L . Orth, Colonel, UC

Veterinary Microbiology (VM Div) . . .  W. R. Hinshair, D.V.M.
Safety (S Division) ........................ A. G. Wedum, M.D.
Animal Farm (AF) ..................*.............. H.M.Rabstein, D.V.M.
Physical Defense (PD Division) . . . . .  R. Porter

Assistant Director, Agents Development**E* V* H i l l ,  M.D.

Crops (C Division) ................................ C. 2* Minarik, Ph.D.
A llied  Sciences (AS D iv is ion )........... C . R. Brewer, Ph* D*
Medical Bacteriology (MB D iv ).......... . R* D. Housenright, Ph*D*
Virus & Rickettsia (V&R Div) ..............F* B, Gordon, M.D*
B io logical Process (BP D i v ) . . . . . . . . *  J. L. Roberts FA ->

Assistant Director, Engineering • • • 3* 2* Champlin, Lt Colonel

Miscellaneous Services (MS Div) *•••  C.S.V. Sanner 
Research Engineering (RE Div) • • • • . .  A. J. Raws on 
Drying Task Force (DTF D iv is ion )•••• R* S. Hutton, Ph*D*
P ilo t Plant (PP D i v ) . . . . . . . . . . . . . . . .  G* L. Achorn

Assistant Director, Weapons Development...7* H. Kayser

Special Operations (SO D ivision) ••••&• R. DeCarlo, Lt c o l
F ield  & Meteorological Research * . . . .K *  L . Calder
Monitions (M Division) • • • • • • • • . . . . . . G* A. DeShazer
DPG Coordinator  ..................... G. Z. Hoeffler, Lt Col

Post Commander, Camp Detrick . . . . . • •  .John W. Fitzpatrick, Lt Col 
Com ptroller..........................................................J .J 1 .  Beecher
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c . CONSULTANTS, FT 1953

Name Specialty

Addicott, Dr. Frederick T. Plant Physiology

Dayton, Ur. Arthur H. 

Fluck, Dr. Paul H.

Industrial
Engineering

Infectious
Diseases

Institution

Univ o f C a li f . ,  
Los Angeles

Clayton Mfg. Co. 
£1 Monte, C a lif.

Private Practice 
1LD . , Lambert- 
v i l le ,  N. J.

School o f Hygiene 
it Public Health 
Johns Hopkins 
Univ. Baltimore, 
Maryland

Hertz, Dr. David B. 

Hildebrandt, Dr. Frank M.

Hopkins, Mr. Edward Scott

Research
Administration

Engineering

Columbia Univ. 
New York, N. Y.

U. S. Industrial 
Chemical Co. 
Baltimore, Md.

'Water Treatment- Bureau of Water 
Sewage & Sanitation Supply

Baltimore, Md.

Hutchings, Dr. Leslie M.

Lovell, Dr. Stanley P.

Diseases o f Large 
Animals

Medical
Geographical
Research

Purdue Univ 
West Lafayette 
Indiana

Lovell Chemical 
Company
Watertown, Mass.

American 
Geographical 
Soc., New York, 
N. Y.

Menotti, Dr. Amel R. Antibiotics
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