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Surnmaryof A c t i v i t i e s  

B a c t e r i a l  Spore  I n a c t i v a t i o n  Modeling. The e f f e c t  o f  p r e s s u r e  upon d ry  hea t  

s t e r i l i z a t i o r i  h a s  been inco rpora t ed  i n t o  t h e  k i n e t i c  i n a c t i v a t i o n  model. The 

i n c l u s i o n  o f  t h i s  parameter  o f f e r s  p o t e n t i a l  f o r  e s t i m a t i n ~  b a c t e r i a l  i n a c t i v n -  

t i o n  r a t e s  i n  deep space ,  where p r e s s u r e s  a r e  many o r d e r s  o f  magnitude lower 

t h a n  c u r r e n t  exper imental  c a g a b i l i t i e s ,  and e x n l a i n i n g  anomalies o f  and 

e s t i m a t i n g  i n a c t i v a t i o n  r a t e s  f o r  embedded and mated organisms. The volume of 

a c t i v a t i o n ,  of a b s o l u t e  r e a c t i o n  r a t e  t heo ry .  becomes a c r i t i c a l  p a r m e t e r  when 

a t t empt ing  t o  add res s  problems such a s  t h e s e ,  and i t  must be more f u l l y  under- 

s tood  b e f o r e  conf iden t  answers may b e  obta ined.  

Tne i n c l u s i o n  of p r e s s u r e  as a pnrane te r  a l s o  su,qp;ests t h a t ,  shoul:'. c u r r e n t  

va lues  f o r  t h e  volume o f  a c t i v a t i o n  b e  approximatr ly  c o r r e c t ,  t h e  molecules  

involved i n  i n a c t i v a t i o n  must b e  q u i t e  l a r u e .  

Thermoradia t ion S t e r i l i z a t i o n  Exner imentat ion and I40de l in~ .  Experimental 

e f f o r t s  t h i s  q u a r t e r  have been concen t r a t ed  p r i m a r i l y  on assessinp; t h e  e f f e c t  

of r a d i a t i o n  dose  r a t e  upon oreanism i n a c t i v a t i o n  r a t e  at 1 0 5 ~ ~ .  I n a c t i v a t i o n  

at t h i s  t empera tu re  i s  demonstrates t o  be  s e n s i t i v e ,  no t  on ly  t o  t o t a l  dose .  

b u t  a l s o  t o  dose  r a t e .  

A model, based upon t h e  k i n e t i c  model f o r  thermal  i n a c t i v a t i o n  and t n e  thenao-  

r a d i a t i o n  e iqe r imen ta l  d a t a ,  has  been developed which f a i t h f u 3 l y  r e p r e s e n t s  t h e  

exper imental  d a t a  t a k e n  between 2 3 ' ~  and 135Oc ana O Krad/hr.  t o  6th Krad/hr.  

T h i s  model is i n t e r n r e t a b l e  i n  terms o f  f r e e  r a d i c a l  r e a c t i o n s  ;inti t h e  previous  

k i n e t i c  model f o r  thermal  i n a c t i v a t i o n .  

I _ n ~ ~ v n t i o n  Mechunism S t u d i e s .  I n a c t i v a t i o n  w e n t 3  can func t ion  e i t h e r  by 

i n t e r f e r i n g  wi th  t h e  s p o r e ' s  a b i l i t y  t a  t r ans fo rm i n t o  t h e  perminated s t a t e  o r  by 

i n t e r f e r i n g  wi th  t h e  ~ a r m i n a t e d  s p o r e ' s  c a p a c i t y  f o r  macromolecular s y n t h e s i s  and 

and c e l l  d i v i s i o n .  S ince  t h e s e  s t a g e s  a r e  b iochemica l ly  and physio1op; ical lg  

d i s t i n c t ,  informat ion about  t h e  mechanism o f  spo re  i n a c t i v ~ t i o n  usin{; va r iuus  

agen t s  must begin  by i d e n t i f y i n g  t h e  sno re  s t a t e  a t  which t h e  agen t s  e x e r t  

t h e i r  inf luence.  

Resu l t s  t h i s  q u a r t e r  sueges t  t h a t  d r y  h e a t ,  y - r ad ia t ion  and u l t r a v i o l e t  

r a d i a t i o n  a i l  i n t e r f e r e  p r i m a r i l y  w i th  t h e  spo re ' s  canac i ty  f o r  mncromolecul~lr 

s y n t h e s i s  and c e l l  d i v i s i o n  r a t h e r  t han  wi th  its a b i l i t y  t o  t r ans fo rm i n t o  a 

jierminsting spore .  

i330)-urden Experimentation and W d ~ l . .  Models f o r  t h e  ,es t imat ion and ~ r e i i c t i o n  

of s p n c e c r a f t  b ioburdcns  i n  assembly environments y i e l d i w  p r e d i c t i o n s  and estisaiuc. 

about  which s t a t i s t i c a l  conf idence s t z t e n e n t s  mey h e  made a r e  needed. 

The not.ion o f  "clunping" of o r c m i s s s  pe rmi t s  one t o  i nc lude  both  c o n t a c t  nnc 

f a l l o u t  i n  a model by t r e n t i n q  them a s  both  d i f f e r e n t  ca ses  o f  c ienosi t ing 

c lunps  o f  o r ~ a n i s m s .  Under t h e s e  c i rcumstances ,  a General  Markov p rocess  coverns  . 

t h e  d i s t r i b u t i o n  o f  t h e  bioburden on a s u r f a c e  a s  a func t ion  of t ime.  Knowing 

on ly  t h r e e  na rnne te r s  a l l ows  one t o  p r e d i c t  f u t u r e  bioburdens  a d  t o  cornpare 

t h e s e  p r e d i c t i o n s  witin e s t ima t ions  de r ived  us in^ a s t eady  s t a t e  ve r s ion  o f  t h e  

sme general process. A gene ra l  d e s c r i p t i o n  o f  t h e  p r e d i c t i o n  model m a  its 

a p p l i c a t i o n  i s  p re sen ted  he re .  

C_omputerized I d e n t i f i c a t i o n  Sch~me .  The PHs b a c t e r i a l  i d e n t i f i c a t i o n  scheme w a s  

s imula t ed  on a computer i n  an a t t empt  t o  s e e  i f  computerized i d e n t i f i c a t i o n  

compared at a l l  favorably  wi th  c u r r e n t  p r a c t i c e s .  Obviously, whenever i c i e n t i f i c a t l o r  

c r i t e r i a  can b e  s p e c i f i e d  precise1y.a  computer s imu la t ion  o f  t h e s e  c r i t e r i n  is 

poss ib l e .  Thus, a comparison between a computer s imu la t ion  an<: c u r r e n t  c r s c t i c e s  

i s  a comparison between a de f ined  s e t  o f  i d e n t i f i c a t i o n  c r i t e r i n  and whatever ad6i-  

t i o n a l  judgement may b e  used i n  curre i l t  i d e n t i f i c i t i o n  p r a c t i c e s .  Usinu a s p e c i f i c L  

i s e t  o f  r u l e s ,  agreement w i th  c u r r e n t  p r t l c t i ce s  was obta ined f o r  more than  8% of 
I 

t h e  c o l o n i e s  i d e n t i f i e d  from Apollo 11. 2 



A. ivity is to develop a physically 

ion capable of exhibiting behavlor 

foratc: of bacterial spore survival data and consistent 

W t 8  abOut spcres. A subsidiary obJective has been to rationally 

m a t e  en*-nlirl. ters to spore Ilnactivation through the physical 

B. gress has been W e  tovard including 

er In sterilizatim madellug. 

Prospects are good for this inclusion. Theoretically this can be achieved 

by the more coniplete formulation, 

for the free e m =  tenn in Is &solute reaction rate equation, where 

p is p s m  and AV* is the change as the reactant goes into the 

eetIrnLePl X. 

it is s&ficienL fo set AV+ - 0, whlch effectively includes the 

p s m  e H w t  rn the * on-rate constant In A3 and ASf. Hovever, data 

h d s ,  Saverarm k Keller (1962) augge , in soape cases at least, 
the ~AV' tern should not be neglected. For , they report that under 

tion of B. subtilis 

five w s .  This tnu! tion in 12.5 days. 

, Sllveraplm (1966) a AH' of 34.6 kcal/mole a n d  a 

6s' of 14.65 e.u. for the organim under vbnt one can presume to be a 

urcr of b alarcsphre. AE as did Sllve-, 1 molecule being 

iva- by s first-ordor on as the sterilization mechanism, and 

wiag his *WE for fit and AS*, it follows that 123 b y s  should be required 

for the @ &uetIm at 6 0 . ~ .  In the - report, Silvc- gives AHP = 

25,000 u s t  - -U.1 e.u. for data m m t e d  by Koesterer (1964). 

Using these values for AH* and AS' leads to a value of 24.8 d ~ y s  for 

destruction at 60.c and 1 atmosphere. 

From a 6C0c, 1-atmosphere D value, and a 60°C, torr D value, reaction- 

rate constants can be calculated by the formula 

kr - -lege (0.1)/~. 
An estimate for AV+ can now be obtained by means of the fo 

where p and p are pressures in atm, R Is the gas constant in cc-atmlaeg, mole-and 1 2 
k and k are the reaction-rate constants at pressures p 
p1 p2 1 and P2 

(~ohnson, mng 8 Polissar, 1954, p 305). 

In this manner it vas found that, with AH' = 34.6 kcal/mole and AS' 

14.65 e.u., 

AV* = 62,480.7 cc/mole, 

while, if AH* - 2.5 kcal/mole and AS* = -U.1 e.u., 

 he lUif UAS' value for his 

roughly represent the s ICP B. 
value of AV* probably lies between 15 a d  65 Utc?~s/da, 

The positive value for AV* W c a t e s  that the actimted skate! of 

molecule" is less ioxized than the unactive state. Since AV* is gene 

positive for unlmolecular reactions (Johnmn, Eyrlng & mlisserr, 1954, ~.306), 
the positivity of the AV* computed fmm the Silvern-f(oe&erer data is 
consistent with the assumption of a 1-molecule sterilization oleehanlsm. 



For awleeular reactions involving re la t ively  small molecules,rnolecblar 

veight in the hundreds, excellent correlations with experimental data have 

been obtained over a oressure range of up t o  3000 atm by the formula 

 ere bf i s  the length of the bond that  is broken, Zb is the sum of the bond 

lengths l m  the  checln, V is the molar volume,and rl and r2 are the  covalent 

rsLdli of the  Lenninal atom (Glasstone, Ia id ler  & Eyring, 1941, p. 473). 
i s  based on the assumption e volume change from r-ctc+l~ t 

state Is all due to length and tha t  the  molecular cross 

ns constant. 

t tude of the estioPated AV f o r  the Silverman data suggests a 

moleelile mch Larger tbfan those used i n  Glasstone e t  al. However, it is 

of i n t e r r s t  t o  we the  above formula fo r  larger  molecules fo r  an order of , 

i 
t d e  AT e & M t e .  To c a AV* estimate f o r  bond breakage i n  

Silverman-Koesterer data, we will assume 

baa aL3,000 nucleotide pairs ( ~ h i t e ,  Haudler & m t h ,  1964, p. 173), a 

cf 2.5 x 109 (k~stson, 1955, p. 85), bond lengths of 3 i 
1960, p. 5031, axid a specific voltnne of 0.55 ml/g (Katz & Schachman, 

f 
these assuplptiona, the AV calculated by the  above formula 

is 7 ~l-rerfmle *ich i s  an order of ~nagnitude of the estimates from 
1; 

s ~ v e m * s  da t a .  w i d e  t h i s  62 liters/mole Value fo r  AV represents 

a sr,W e w e  of trpnro-tely -003% of I)PW molar volune, which is con- 

B i s w  v i th  mcenCage changes knovn to take place f o r  smaller molectiles. 

Bdng an amroxlmtion fo r  AV* , pressure i s  easily incorporated a s  an 

ler In  a kinetic s ter i l iza t ion model. One must be 
t 

wing  the  formula d /KC = ( PR* - TAS* + pAvt)/RP. 
f t * 

Since AV i a  In cc/mole, AS i n  cal/deg mole, and AH i n  cal/mole, the 

fan-t R usred e t h  AH' and AS* should be i n  cal/deg mole, while with 

AV' , it be in ec alnr/dea mole. 

5 

m e  sign and m t u d e  of Av+ can be of considerable importance i n  planetary 
4 quarantine applications. For example, i f  AV is positive,a monomolecular 

reaction is indicated and a decrease i n  pressure m l d  cause the reaction 

r a t e  t o  r i s e  so t h a t  f o r  a fixed temperature D values muld decrease with 

pressure. The amount of the decrease would depend on the magnitude of + AV' . Conversely a negative AV would indicate a multimolecular aterilizm- 

t ion mechanism and pressure decreases vould resul t  in a D value increase. 

The iarpoz-tance of the  AV e is indicated i n  Table I. Them D 

values are  given a s  a function of temperature and AVS with AH' = 25 kcalimole 

and ASS = -9 e.u. 

TABLE I 

AH+ = 25kcaL/mole, AS+ = 9 e.u. 

Temp. D Values i n  s based on : 
C - AV+ = r l /mo~e % : l/mole = 60 l/mole 

The AH+ and AS+ values selected are  roughly those calculated fo r  sose data 

from the University of Minnesota. The important thing to note i n  Table I 

is that  a t  the  tempemtures one expects t o  see on a space vehicle dn tmsit, 

there is  an order of magnitude difference between the  D value associa- da 
Ad = T'Te/mole and that  associated with AV4 = 60'Te/mole. =so observe tha t  i f  &vg i s  

around 60L/mole there should be a population reduction of 36 forrs per m a r  

a t  only LO'C. l'his suggests that  some careful experimentation t o  aetemine + AV more accurately could pay excellent dividends t o  planetary quarantine. 

In  addition t o  i t s  potential  usefulness i n  a deep space environment,, the 

inclusion of pressure a s  a parameter affecting the inactivation of bacterial  

spores my, i n  part ,  of fer  an explanation f o r  the slower ra te  of inactivation 

of embedded and mated spores. 



Fina l ly ,  values of  hVS on t h e  order  of 10 t o  60 l i t e r s l m o l e  i f  

c o r r e c t ,  suggest t h a t ,  should only a  s i n g l e  molecule be involved i n  

spore inac t iva t ion .  t h a t  molecule must be q u i t e  l a r g e  i n  order  t h a t  &VS 

represen t  a  percentage volume change cons i s ten t  with t h e  f r a c t i o n s  of  

percentages experimentally known f o r  smaller  molecules. 

THERMORADIATION STERILIZATION 

A. Description. The thermal degradation of spacecra f t  as e r e s ~ l t  o i  

present  dry heat  s t e r i l i z a t i o n  i s  a  problem s t i l l  not completely 

resolved.  There i s  some concern t h a t  s i lve r -z inc  b s t t e r i e s .  h i g h  v%lile 

mylar capac i to r s ,  vidicon tubes ,  ta-.calum capaci tors  (lG t o  I 5  u f )  , 

s o l i d  propel lant  ( e s p e c i a l l y  PBAA:, c u l t u r e  media, photometers, end 

o ther  s c i e n t i f i c  instruments w i l l  not withstand present  dry heat  s t e r i l i -  

za t ion  cyc les  without excessive degradation. The purpose of t n e  thermo- 

rad ia t ion  s tudy i s  t o  explore poss ib le  techniques t h a t  w i l l  reduce t h e  dry 

heat  time and temperature requirements f o r  s t e r i l i z a t i o n  of spacecra f t  

hardware. More s p e c i f i c a l l y ,  t h i s  s tudy w i l l  explore t h e  f e a s i b i l i t y  of 

using combinations of heat  and r a d i a t i o n  where s y n e r g i s t i c  e f f e c t s  may be 

ava i l ab le  t o  achieve e f fec t ive  s t e r i l i z a t i o n  of spacecra f t .  

B. Progress. The work t h i s  quar te r  was di rec ted  toward t h e  determination 

of  t h e  s e n s i t i v i t y  of thermoradiation l e t h a l i t y  t o  inoculat ion technique 

of  t h e  t e s t  organism, and secondly, work was d i rec ted  a t  determination of 

gamma rad ia t ion  dose r a t e  e f f e c t s .  

Inoculat ion technique s e n s i t i v i t y .  Because of t h e  d i f f e r i n g  wett ing - 

c h a r a c t e r i s t i c s  of  metal surfaces used f o r  samples i n  thermoradiation 

experiments, it was necessary t o  assess  t h e  e f f e c t s  of  small  changes i n  

sample a r e a  f o r  f ixed  t e s t  organism populations. This information was 

necessary t o  supplement t h e  da ta  reported i n  W 111 where sample l c a d i m ,  

f o r  a f ixed sample a r e a ,  was varied from lo6  t o  10' g. s u b t i l i s  v a r - n i q e r  

spores pe r  sample. Experiments t h i s  a u a r t e r  considered a f ixed population of 
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1 0  E. s u b t i l i s  spo res  pe r  sample wi th  t h e  sample a r e a s  o f  0.7. 0.7 

and 1 .2  squa re  inches .  Experimental samples were prepared by pipe sin^: 

0 .1  n i l .  o f  5. s u b t i l i s  spo res  (suspended i n  e t h a n o l ,  l o7  spo res  pe r  ml) 

on to  0.0015 inch t h i c k  X 1 . 2  inch diameter  d i s k s  c u t  from b i o l o ~ i c a i  

e r ade  aluminum f o i l .  The inoculum was conf ined t o  e  d e s i r e d  a r e a  by 

t h e  a p p r o p r i a t e  s i z e d  de-,+.ession stamped i n t o  t h e  f c i l .  S m n l e s  were 

d e s i c c a t e d  over  D r i e r i t e  i n  vacuo f o r  1 h r .  and then  assembled wi th  a  

cover  f o i l  between two .025 inch aluminum s t r i p s  wi th  f o u r  samples 

p e r  s t r i p .  Th i s  assembly o p e r a t i o n  was completed i n  a i r  a t  a  r e l a t i v e  

humidity o f  l e s s  t han  5%. Samples were aga in  placed i n  a  d e s i c c a t o r  

ia vacuo f o r  15 h r s .  be fo re  exposure t o  t h e  s t e r i l i z a t i o n  environment.  

One s t r i p  c o n t a i n i n g  fou r  samples r e p r e s e n t s  a  s i n a l e  d a t a  o o i n t .  

Sample s t r i p s  were exposed t o  t h e  the rmorad ia t ion  environment o f  1 0 5 ' ~  

and a  p ; m a  dose  r a t e  o f  36 Krads p e r  h r .  f o r  pe r iods  up t o  ii h r s .  

Ambient hmaidi ty  was c o n t r o l l e d  a t  30 + 2% RH a t  75 '~ .  

Resu l t s  a r e  shown i n  Figure  1 where l i t t l e  d i f f e r e n c e  i s  i n d i c a t e d  

between t h e  t h r e e  sample conf ip;ura t ions .  The somewhat h ighe r  s u r v i v o r s  a t  

t h e  t h r e e  hour pe r iod  f o r  t h e  .7 and .2 square  inch samples must be  

rechecked t o  determine i f  an a r e a  e f f e c t  is beg inn in^: t o  emerge a t  t h i s  

po in t .  

E f fec t2  o f  v a r i a b l e  gamma dose .  The purpose o f  t h i s  s e r i e s  o f  expe r i -  

Iaents was t o  tiegin t o  e v a l u a t e  t h e  the rmorad ia t ion  l e t h a l i t y  o f  B . s u h t i l i s  

w d e r  v a r i a b l e  gamma dose r a t e s .  This  d a t a  i s  needed t o  beein  op t imiza t ion  

o f  hea t  and r a d i a t i o n  l e v e l s  t o  accomplish e f f e c t i v e  s t e r i l i z a t i o n  

wi th  niinirnum environments1 s t r e s s  t s  s p a c e c r a f t  componentry. These 

RADIATION DOSE, KRADS 

THERMORAD IAT lON SU RV lVAL  
FRACTION COMPARISON FOR 
VARIED INOCULATION AREAS 

TIME, HOURS @ 105 '~  

FIGURE l 



f i r s t  experiments were performed a t  a s i n g l e  temperature of 1 0 5 ' ~  

and a t  four  r a t e s  of  r a d i a t i o n  exposure. Dose r a t e s  were 5, 13,  22 and 

36 Krads per  hour. Re la t ive  humidity was con t ro l l ed  a t  an ambient of 

3052% RH a t  '75'~. Experimental samples were prepared i n  t h e  same manner 

a s  previously described with t h e  exception of  sample a r e a  which was 

maintained a t  1 .2 square inches.  

S ing le  emeriments  were run a t  t h e  1 3  and 22 Krad ner  hour exposures 

bu t  mul t ip le  experiments were run a t  t h e  extremes of 5 and 36 Krad 

per  hour dose r a t e s .  Resul ts  a r e  shown i n  F i ~ u r e s  2.3 and 4. 

Several  i n t e r e s t i n g  observat ions can be made from these  da ta .  F i r s t  

of a l l ,  a t  t h e  lowest l e v e l  of  5 Krad per  hour, t h e  l e t h a l i t y  curves 

have a tendency t o  t a i l .  Ta i l ing  occurs up t o  what appears t o  be a 

c r i t i c a l  dose of around 25 Krads, then t h e  curves suddenly changes t o  

become coincident  with t h e  o r i g i n a l  s lope.  This behavior a t  low 

r a d i a t i o n  doses w i l l  be f u r t h e r  explored t o  f ind  i f  t h e r e  is,  i n  f a c t ,  

a lower th resho ld  o f  thermoradiat ion e f fec t iveness  a t  t h i s  temperature. 

A p l o t  of D values,  Fig. 5 ,  taken from these  four  exposure r a t e s  tend 

t o  f u r t h e r  i n d i c a t e  t h a t  t h e  l e t h a l i t y  is more s e n s i t i v e  t o  dose r a t e s  

b e l a r  5 Krad per  hour a t  1 0 5 ~ ~ .  In  add i t ion ,  Figure 5 ind ica tes  marginal 

ga ins  a r e  a v a i l a b l e  a t  t h e  h igher  dose r a t e s  above 20 Krads pe r  hour. 

Thus, one can s e l e c t  a more o r  l e s s  optimum dose r a t e  of  about 12 Krads 

pe r  hour a t  1 0 5 ~ ~ .  This  r e s u l t s  i n  a D value of  1.1 hrs.  o r  based on t h e  

1 2  l o g  reduct ion,  a s t e r i l i z a t i o n  cyc le  of  1 3  h rs .  a t  1 0 5 ~ ~  with a nominal 

gamma dose of  156 Krads. This 1 3  h r .  cyc le  i s  a s u b s t a n t i a l  reduct ion from 

t h e  more common1 55 t o  60 h rs .  f o r  dry heat  a t  1 0 5 ~ ~ .  

- 
'spacecraft S t e r i l i z a t i o n  Technology, NASA sP-108, p. 217. 
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STUDIES ON SPORE INACTIVATION 

A. Description:'\The requirement for spacecraft sterilization using techniques 

not deleterious to spacecraft components has lead to studies on the 

effect of heat and radiation on spore viability. This work has established 

that heat and ionizing radiation inactivate spores in a synergistic 

manner. The basis for such a synergism may lie in the different mechanisms 

by which these sterilization treatments efrect microbial death. It is 

the mechanistic basis of how various sterilization treatments cause spore 

inactivation which is the subject of current study. The working hypothesis 

is that ionizing radiation effects inactivation by both breaking covalent 

bonds in critical spore molecules and by promotin6 free radical reactions 

in the spore, while heat exerts its sterilizing effect by a thermal denatura- 

tion of macromolecules. In the course of this study, it became apparent 

that use of ultraviolet radiation (U.V. radiation) offered adv~ntages 

in studies on spore response to sterilization treatments. The advantages 

are related to the use of a similar sterilization technique and experi- 

mental accessibility. 

Insight into the mechanism of spore inactivation by mriows tmeetmemts 

may be obtained by studying the effect of such treatments on the s-es 

involved in the transformation of a spore into a vegetative cell. These 

stages together with some of their properties m e  as follows: 

FIGURE ? 

DORMANT SPORE----.I) GERMINATED SPORE VEGETATIVE CET,L -- 
1. Heat resistant 1. Loss of heat resistance 1. Viable bacterium 
2. Refractile 2. Decrease in optical 2. Cell reproduction 
3. Dormant metabolism density and refractility 

3. Macromolecular synthesis 
and respiration 



Inactivat ion treatments can function e i t h e r  by in te r fe r ing  with the  spore 's  

a b i l i t y  Lo transform i n t o  t h e  germinated s t a t e  o r  by i n t e r f e r i n g  with t h e  

geminated spore 's  capacity f o r  macromolecular synthesis  and c e l l  division.  

Since these stages a r e  biochemically and physiological ly d i s t i n c t ,  

information about t h e  mechanism of inac t iva t ion  by various techniques 

must begin by ident i fy ing  t h e  spore s t a t e  a t  which t h e  treatments exert 

t h e i r  influence. Such s tud ies  have been i n i t i a t e d .  

Progress. 

1. I r rad ia t ion  of  spores, deposited a s  a uniform l a j e r  using an e lec t ro-  

s t a t i c  deposition device, was accomplished with a Jarrell-Ash u l t ra -  

v i o l e t  lamp. The spore survive.? curve a s  a function of U.V. dose 

(Fig. 2 )  shows t h a t  " ta i l ing"  had occurred t o  a s ign i f ican t  degree. 

"Tailing" in  survivor curves may be a t t r ibu ted  t o  a t  l e a s t  two causes-- 

a r e s i s t a n t  spore sub-population, o r  t h e  presence of  a functional  

r e p a i r  mechanism i n  t h e  microbial system. Light-dependent and l i g h t -  

independent (dark r e p a i r )  repa i r  systems a r e  known t o  function i n  

spores damaged by exposure t o  U.V. i r rad ia t ion .  That t h e  l i g h t -  

dependent repa i r  system was not a fac tor  was shown by repeating t h e  

work i n  t h e  absence of  l i g h t  and again observing " ta i l ing"  i n  t h e  

survivor curve. 

A node1 r e l a t i n g  t h e  probabi l i ty  of spore survival  t o  the  competing 

processes of spore damage and damage r e p a i r  has been proposed. This 

model predicted a dependence of spore survivor l e v e l   tailin in^") on 

rad ia t ion  dose ra te .  Figure 2 shows t h a t  such a dependence was 

experimentally observed. Figure 2 a l so  bears on the  question of  

U.V. EXPOSURE TIME (MINUTES) 

FIGURE 2. U,V, SURVIVAL CURVES AT 
VARY l NG DOSE RATES 



whether "tailing" may be due to a resistant spore sub-population. 

If such a sub-population were present, then extrapolation of the 

"tailing" portion of the survivor curve to the ordinate should yield 

a common intercept point for all dose rates. Such a common intercept 

at the ordinate, which would indicate a fixed percentage of resistant 

spores in the population, is not observed. These results suggest 

that spores of B. subtilis var. niger have a functional repair System 

that can be of practical concern in efforts to achieve low levels 

of contamination. 

"~ailing" of survivor curves has been observed in dry heat and 

thermo-radiation sterilization of spores but at much lower survival 

levels than observed with U.V. irradiation. This suguests the possi- 

bility of studyi~g the "tailing" phenomena using the U.V. system as 

an experimentally approachable model. 

"~ailing" was still observed when spores were treated with heat 

or ionizing radiation and then subjected to U.V. irradiation. Heating 

of spores before or after U.V. irradiation did not change the characteris- 

tic "tailing" of the U.V. survivor curve. Identification of a possible 

synergism between the sterilization treatments is difficult due to this 

observed tailing phenomena. 

2. As noted in Figure 1, the conversion from dormant spore to germinated 

spore can be followed by observing the change in optical density of a 

spore suspension. This technique was used to ascertain which spore 

state was being affected by the various inactivation treatments. 

No change in the germinating capacity of the spores was observed 

after treatment of the spores with amounts of ionizing or U.V. radiation 

sufficient to prevent at least 90% of the spores from becoming vegeta- 

tive cells (forminu colonies). Inactivation of 90% of a spore popula- 

tion by heat resulted in a slowing of the germination rate to about 

One-half the unheated control rate, but germination was still observed. 

These studies indicate that the sterilizing techniques of gamma 

radiation, U.V. radiation, and heat do not prevent dormant spores 

from becoming germinated spores. These sterilizing treatments must 

function by preventing the germinated spores from becoming vegetative 

cells. 

During the course of this study it was observed that ethanol at 

very low levels (0.7%) caused inhibition of spore germination. The 

spores did not germinate in a media containing low levels ( 0 .7%)  of 

ethanol. If, however, the spores were removed from the ethanol 

containing germinating medium by centrifugation and then resuspended 

in germinating media free of ethanol, then germination proceeded 

normally. The low levels of ethanol required for inhibition and the 

reversal of this inhibition by ethanol removal suggests that perhaps 

a spore enzyme, responsible for the initiation of the events associated 

with spore germination, had been reversibly inhibited by the ethanol. 

The observation that spore inactivation by heating caused a reduced 

germination rate is also consistent with the presence of such a spore 

enzyme, since thermal denaturation may have reduced tne effective 

enzyme concentration and, therefore, lowered the permination rate. 

An alternate possibility is that the reduced rate of spore uermination 

after heatine may have resulted from thermal decomposition of suore 



structure which induced germination by a mechanical process. This 

possibility was studied by adding ethanol ( 0 . 7 % )  to the heat inactivated 

spores snd not in^ the effect on germination. Ethanol inhibited spore 

<err-ination i' the heat-inactivated spores as it had in the viable 

ssore ?rru;ation. This finding is consistent with the premise that 

the slo-J?? yemination rate of heat-inactivated spores is due to a 

Lower spore enzyme concentration rather than to a heat induced rupture 

of ? r e  more. 

%ese ~ermination studies have shown that the effect of ionizing 

raaiatiofi, heat. and U.V. irradiation in spore inactivation is at the 

level of m?.cromolecul.ar synthesis and microbial replication and notat 

the lc- el of conversion of the spore from dormant to ~erminated state. 

The presence of an enzyme system required to effect the transformation 

from dormant spore to germinated spore is also indicated. 

MODELlNG OF THERMO-RADIATION SYNERGISM - 

A. Description. The objective of this activity is to develop a physically 

based model representing bacterial spore inactivation in lethal 

environments combining both heat and ionizing radiation. The modeling 

effort is based upor, experimental activity of the same nature described 

elsewhere in this report. The first phase of this activity has been 

an attempt to combine the rational model of spore inactivation in 

thermal environments previously developed, with an empirical model 

representing the effects of radiation. 

B.  Progress. Significant progress toward the phase one objective has been 

made this quarter. The modeling has been facilitated by the fact that 

all of our survivor data in combined thermo-radiation environments 

has been logarithmic in character. Thus, the expected number of 

survivors ~(n(t)) has been given by an expression of the form 

where n(0) is the initial population, D is the D value, and k is the 

reaction rate of an assumed first order inactivating reaction. 

The modeling effort to date has consisted of determining k as a 

function of temperature T and radiation dose rate rd. The rationale 

used to develop such an expression for k was, in part, the following. 

First, it was assumed that the activation enthalpy of the combined 

heat-radiation rate process must be the same as that associated with 

heat alone. Thus, the enthalpy term in k is of the form 



where the activation enthalpy AH+ is that associated with heat alone 

(i.e., r =O).  Secondly, it was assumed that this enthalpy term must d 

be multiplied by some expression containing 

where SS is the activation entropy for heat only. Such a multipli- 

cative expression must reduce to this entropy term when rd=O, so that 

k in hr-1 must take the form 

where 3600 appears to compensate for the appearance of sec-l in Boltrman's 

constant K, and where f(r ) is some function of radiation dose rate 
d 

that becomes zero when rd is zero. Additionally, one expects f(r ) to d 

be dependent upon temperature because of the observed syneraism in 

inactivation in a combined heat and radiation environment. 

The function f(r ) was determined empirically using thermo-radiation d 

data for Bacillus subtilis var. nigerpresented elsewhere in this report. 

For this data it was found to be of the form 

4 
These same data indicate that for the spore stock being used, % =16890 

AS+ and - = 6.36 when only heat is used as the inactivating agent. R 

Lettine 3600 = eael', k then takes the form 

where 

k is in hr-I 

K is Boltzman's constant 

h is Planck's constant 

T is in degrees Kelvin, and 

rd is the radiation dose in kilorads/hr. 

This model provides a good fit of all experimental data obtained to 

date. This data has been taken in the ranges where T was between 2 3 O ~  

and 125O~ and r varied between 0 and 62.5 kilorads per hour. Figure 1 d 

shows the agreement to date along with some other predictions of k 

as a function of temperature and dose rate. The solid lines represent 

model predictions, and triangles the data obtained so far. Further 

experimentation will be carried out to assess the correctness of 

other predictions. 



Reaction Rate of Bacillus subt i l i s  var. niger Spore 
Inactivation as a Function of Temperature and 
Radiation Rate. 

rd - Dose Rate - Kilorads/Hour 

Fiqure 1 

It is interesting to note that there is a definite correlation between 

this model and data describing the processing of commercial polymers 

using heat and/or radiation. Polymeric materials are forme6 chiefly 

by a free-radical type reaction, and the reaction rate is characterized 

by sctivation energies much smaller than that of ordinary chemical 

reactions. For temperatures below about 50°c, the thermo-radiation 

model. presented here has a dominant term 

the first part of which may be thought of as 

where bFt,  the activation energy, is quite small compared to the 

activation energy of heat inactivation alone. Also, the dependence 

of the reaction rate upon a fractional power of the radiation dose 

rate parallels the behavior of polymerization by a LZee-rdiced. 

mechanism. These 0bse~ations suggest that spore kaactivatiosa im 

thermo-radiation environments may be due to free-r&ca.Ti remtims vdmm 

temperature is not the dominant inactivation agent. T%ent have beem 

other recent reports in the literature which suggest %%rat degrm3atiolp 

of macromolecules in a radistion environment may result primarily f r o m  

free-radical reactions, lending credence to the model, and suggesting 

possible approaches for physically interpreting f(r ) .  
d 



aioburden Experimentation and Modeling 

A. Description. Models f o r  t h e  estimation and predict ion of spacecraft  

bioburdens w e  needed f o r  use i n  spacecraft  assembly environments. 

Idea l ly ,  these models should have bioburden outputs about which some 

s t a t i s t i c a l  confidence statement can be made, and, of  course, they should 

be capable of rigorous ver i f ica t ion .  

B. P r o ~ r e s s .  This quarter  a predict ion model t o  complement t h e  estimation 

model already developed and used i n  t h e  Apollo program has been developed. 

An experimental program t o  inves t iga te  a parameter common t o  both of these 

models is underway. I n  general ,  t h e  bioburden of a spacecraft  may be 

divided i n t o  two categories:  t h a t  which i s  deposited by t h e  contact of  

humans and tools,and t h a t  which i s  not. The l a t t e r  port ion i s  sa id  t o  

be "fal lout" from t h e  environment. On t h e  other  hand, humans may, and 

undoubtedly a re ,  t h e  major-source of  environmental organisms i n  control led 

assembly environments. I n  order t o  incorporate both types of bioburden 

i n t o  estimation and predict ion models some assumptions must be made. 

I. When rigorous clothing requirements a r e  s e t  on and work procedures 

folloved by assembly personnel, most normal human f l o r a ,  and 

par t icu la r ly  organisms not indigenous t o  human beings t h a t  a r e  

deposited by contact a r e  organisms t h a t  came from t h e  environment, 

f i r s t  t o  a glove o r  t o o l ,  and, thence, t o  a surface. This should 

be t r u e  of spores,  f o r  example. 

2. Organisms i n  an environment tead t o  occur i n  c l m p s .  It is 

assumed t h a t  t h e  d i s t r i b u t i o n  of organisms (of  whatever c lass  one 

i s  considering) on these environmental clumps is t h e  same whether 

t h e  clumps be i n  t h e  environment, on a surface,  glove o r  t o o l .  

With these assumptions, l e t  the  random variable X(t)  represent  t h e  

number of microorganisms on a given surface a t  time t. Assume t h a t  t h e  

surface which we a r e  discussing i s  chosen such t h a t  it sees a Spa t ia l ly  

uniform environment t h a t  may vary with time and has uniform removal 

charac te r i s t ics  ( i . e .  same mater ia l ,  same temperature, same humidity, 

e tc . ) .  Let Nmax be some maximum number of  microorganisms we could 

possibly find on a surface.  We know t h a t  ~ ( t )  takes on values with t h e  

range 0,1,2 ,..., N Define P. ( r , t )  = Prob {X(t)  = j / x ( T )  = i ) .  max ' 1 J 

Assumptions 1 )  and 2 )  imply t h a t  microorganisms e i t h e r  f a l l  o r  a r e  placed 

on t h e  surface i n  clumps and t h a t  they a re  f o r  a l l  p r a c t i c a l  purposes 

removed from t h e  surface by e i t h e r  death, decontamination, o r  other  

physical means i n  clumps. Let us fur ther  assume t h a t  we a.re considering 

p a r t i c l e s  of l i k e  "deposition" and "removal" c h a r a c t e r i s t i c s .  

Define Y t o  be the  random variable representing the  number of microorganisms 

per clump and l e t  

f o r  

J = 0,1,2 ,... 'Nmax. 
Assumption 2)  allows us t o  conclude t h a t  t h e  s tochas t ic  process governed 

by P. . (T , t )  i s  a Markov process. 
1 J  

Let im(t)h+O(h) be t h e  probabi l i ty  t h a t  a deposition of a p a r t i c l e  

occurs between t and t+h when ~ ( t )  = m 

and pm(t)h+O(h) be t h e  probabil i ty t h a t  a p a r t i c l e  i s  removed from 

t h e  surface between t and t+h when ~ ( t )  = m. 



To be physically reasonable, we see that X (t) should not depend upon the m 

number of organisms, m, present on the surface. Thus, we denote it by 

A(t). If we let the mean of the random variable Y be y ,  then we shall 

ass ume 

that is, the removal shall depend on the expected number of clumps. not the 

expected nurmSer of microorganisms, and this dependence takes the form that 

might reasonably be encountered in the "death" of these pnrticles. 

We now observe that 

lim 1-P (t ,t+h) 
h+0 .IS 

h 

Using the usualderivation of the Chapman-Kolmo&corOv equation, we obtain 

the Kolmogorov Foreward Equations, namely, 

where 

1 if k=i 

P. (T,T) = 
lk 

0 otherwise 

Several observations are in order: 

1. If ~ ( t )  = Xand p(t) = U, then the Markov process is homogeneous. 

2. There is a nonzero probability of ~ ( t )  going between any two states 

3. If 1 is true, then, 2. implies that 

lim 
t-rs P (7.t) = lIk . ik 

independent crf the initial conditions and these can be obtained by 
aPik(~ 't) 

solving the eqiiations obtained from (1) be setting at 
= 0. 

This is true under more general conditions. 

then (1) reduces to the standard birth and 

deatheauations. 

5 -  If X(t) and u(t) are bounded and continuous then the solutions of 

(1) are also bounded. 

A solution P. (z,t) of the system of equations (1) yields a statistical 
1J 

prediction of the bioburden at time t when some initial conditions (bio- 

burden at time 7) are prescribed. Thus, one might hope to use these 

solutions as a prediction model for bioburdens. 

With this observation, the implementation of this approach may be 

accomplished as follows. Suppose that the entire assembly procedure 

t&es place between t and tf and that samples will be taken at the times 

to, tl,..-.tf. Assume that after t the surface cannot be fb-ther sampled f 

prior to sterilization. Let us assume that on each subinterval ft t k' k+lI 

X(t) and "(t) have some prescribed form (possibly at first a constant). If 

q is a known distribution which has been measured independently in a lab- 
J 



oratory,  then,  s ince we can assume t h a t  t h e  number Of clumps res id ing  on a 

surface follows a b i r t h  and death process,We can obtain t h e  d i s t r i b u t i o n  

on a s;rrface a t  a f ixed time using a mixing procedure. For example, i f  

Y is Poisson d is t r ibu ted  and Nmax i s  l a rge ,  t h e  steady s t a t e  so lu t ion  t o  

t h e  system ( 1 )  takes a form l i k e  t h e  estimation model already developed 

and reported on in  Sandia Laboratories Research Report, SC-RR-69-23, 

January, 1969. Sampling a t  t h e  times tk allows us t o  obtain t h e  para- 

meters of t h i s  d i s t r ibu t ion .  Using t h i s ,  we would then have S ( t  ) and 3 0 

S ( t  ) f o r  J=O.l,-.-,Nmax. where S ( t )  = Prob {X(t)  = 3 ) .  
3 1 j 

Using optimization procedures we could then obtain ~ ( " ( t )  and u ( l ) ( t )  

which cause the  solut ion of ( 1 )  t o  assume these boundary conditions 

o r  would approximate them i n  some norm. A t  time t2, we would then have 

S . ( t  ) f o r  j = O , l ,  ..., N-. 
J 2 

We could then t r y  A ( l ) ( t )  and ~ ( ~ ) ( t )  t o  see i f  t h e  solut ion of ( I )  

on t h e  in te rva l  [ t  ,t ] asswed t h e  appropriate boundary conditions. I f  
1 2  

it does, l e t  A ( 2 ) ( t )  = A(')(t) and u( ' )( t )  = ~ ( " ( t ) .  I f  it does no t ,  

we obtain A(')(t) and u ( 2 ) ( t )  so  t h a t  t h e  so lu t ion  of ( 1 )  assumes o r  

approximates t h e  boundary values S . ( t  ) and S ( t  ). 
J 1 .I 2 

U e  a l so  my  wish t o  obtain i ( ' ) ( t )  and ~ ( " ( t )  on [ t0. t2]  i n  t h e  same 

family s o  t h a t  we minimize 

This vould take  i n t o  account our sampling e r rors .  

We would continue i n  t h i s  fashion through t= t  f '  

We would then have two s e t s  of functions. The f i r s t  a r e  functions 

which a r e  in  a prescribed c l a s s  on each subinterval  (such a s  a constant on 

each subin te rva l ) .  Thus we would have 

X(t)  = a ( k ) ( t ) ,  tk-l <- t l t k ,  k = l,.-.,f 

and 

which have been determined such t h a t  

o r  such t h a t  P. ( T , t k )  approximates S .  ( t k ) .  
13 J 

The second s e t  c f  functions a re  functions from t h i s  c l a s s  ( e . g . ,  a 

constant) .  They a r e  chosen t o  be 

i ( t )  = i ( f ) ( t )  
and 

u ( t )  = ; ( f ) ( t )  

which have been determined t o  minimize 

over a l l  functions of t h i s  c lass .  

Then, depending on what t h e  spacecraft experiences after t ., we can f '  

choose A(t) and u ( t )  t o  be those given i n  ( 3 )  f o r  use i n  our predict ions 

down stream from tf o r ,  we could choose a "deposition" t o  be an upper 

bound on t h e  A(t)  i n  ( 2 )  and t h e  "removal" t o  be a lower bound on t h e  



u ( t )  i n  ( 2 ) .  The choice  o f  h ( t )  and ~ ( t )  could  b e  based  on a comparison 

of t h s  r e s ,u l t s  of environmental  sampling and t h e  amount o f  a c t i v i t y  a f t e r  

t and t h a t  on each s u b i n ~ e r v a l  be fo re  t 
f f  - 

Some o t h e r  obse rva t ions  about  t h e  model may b e  made. 

1. If we could f ind  t h e  forms o f  ~ ( t )  and ~ ( t )  i n  t h e  l a b o r a t o r y ,  t hen  

wr could use equat ion ( 1 )  t o  determine t h e  t 's  k = 1 , 2 ,  ..., f-1. 
k 

To do t h i s  we would want t o  l i m i t  t h e  amount of change we would 

permit  i n  ? ; < ( ~ , t )  on each i n t e r v a l  [ t  ., k ' t k + l l .  

2. Knowing ~ ( t )  and u ( t )  we can then  g e t  conf idence i n t e r v a l s  on ou r  

parameters  which would a l low u s  t o  work a t  t h e  95%, 93%, e t c .  conf idence 

l i m i t s .  

3. Knowing t h e  forms of S ( t  ) we can a l s o  o b t a i n  informat ion r ega rd ing  
J k' 

t h e  number of samples r e q u i r e d  a t  each sampling pe r iod .  Th i s  is  

i l l u s t r a t e d  i n  SC-RR-69-23 r e fe renced  above. 

I n  both t h i s  p r e d i c t i o n  model, and t h e  p rev ious  e s t i m a t i o n  model, it 

is  necessa ry  t o  know Y and i t s  mean. T h i s  i s  necessa ry  f o r  making any 

a ~ r i o r i  p r e d i c t i o n s  f o r  p lanning,  u s i n g  t h e  p r e d i c t i o n  model a s  o u t l i n e d  - -- 
above, and c a l c u l a t i n e  r equ i r ed  numbers o f  samples from t h e  e s t ima t ion  

model. I n  o r d e r  t o  beein  t o  i n v e s t i g a t e  t h e  random v a r i a b l e  Y, 

i n s t rumen ta t ion  has  been developed and is  being t e s t e d  t o  measure t h e  

number o f  microorganisms p e r  f i xed  number o f  p a r t i c l e s  f o r  g iven  s i z e  

r anaes .  The hypo thes i s  t h a t  t h e  samples t aken  a r e  from a Poisson d i s t r i b u -  

t i o n  can a l s o  be t e s t e d .  

The ins t rument  t h a t  has  been developed i s  a Royco p a r t i c l e  coun te r  

p laced i n  p a r a l l e l  w i th  a modif ied Anderser. sampler.  The Royco counts  

and s i z e s  p a r t i c l e s  and t h e  Andersen sampler s i z e s  and enumerates organism- 

h e a r i n g  p a r t i c l e s  (c lumps) .  

A sequence o f  t e s t s  was conducted us ing  t h e  appa ra tus  ( W  1 4 )  

des igned t o  measure t h e  mean number o f  microorganisms p e r  p a r t i c l e .  The 

dev ice  c o n s i s t e d  o f  a Royco p a r t i c l e  coun te r  i n  s e r i e s  w i th  an Andersen 

sampler.  The t e s t s  showed t h a t  it was impossible  t o  c o l l e c t  a l a r g e  

enough sample of organism-bearing p a r t i c l e s  t o  be  meaningful b e f o r e  t h e  

p l a t e s  o f  a g a r  on t h e  Andersen sampler d r i e d .  

Two mod i f i ca t ions  o f  t h e  t e s t s  were cons ide red .  E i t h e r  experiments 

could  be  performed i n  which t h e  a i r  t o  be  sampled was h e a v i l y  loaded 

wi th  organism-bearing p a r t i c l e s  by d u s t i n g  wi th  an a i r  j e t ,  o r  a sampler 

could  he  devised which sampled cons ide rab ly  l a r g e r  volumes o f  a i r .  

S ince  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and t h e  d i s t r i b u t i o n  o f  microbes 

p e r  p a r t i c l e  might b e  changed by d u s t i n g  wi th  an a i r  J e t ,  it was decided 

t o  a t t empt  t o  modify t h e  Andersen sampler t o  make it sample cons ide rab ly  

l a r g e r  volumes o f  a i r .  

The Andersen sampler was modif ied i n  t n a t  absorbent  pads r ep laced  t h e  

n u t r i e n t  aga r  normally used a s  a c o l l e c t i o n  s u r f a c e .  An e l e c t r o n i c a l l y -  

c o n t r o l l e d  wa te r  l e v e l  system keeps t h e  pad wet a t  a l l  t imes  du r ing  t h e  

sampling pe r iod .  Th i s  modif icat ion enab le s  t h e  sampler t o  b e  used f o r  an 

extended pe r iod  o f  t ime.  

An eva lua t ion  o f  t h i s  ins t rument  i s  underway. 



Csmguterized I d e n t i f i c a t i o n  Scheme 
I 

A. Descr ipt ion.  Sandia  was asked t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  computer- I 
i z i n g  t h e  i d e n t i f i c a t i o n  of co lon ies  sampled dur ing  t h e  outbound contaminat ion 

inven to ry  of Apollo spacec ra f t  w i th  a view t o  p o s s i b l e  a p p l i c a t i o n s  t o  

f u t u r e  Apollo miss ions .  This  i d e n t i f i c a t i o n  was t o  b e  performed by t h e  

use  of  t h e  colony t e s t  d a t a  a v a i l a b l e  i n  QUALSUM repor t ed  on i n  t h e  previous  

Q u a r t e r l y  Report i n  con junc t ion  wi th  t h e  i d e n t i f i c a t i o n  procedures  desc r ibed  

i n  " I d e n t i f i c a t i o n  Schemes f o r  Microorganisms I s o l a t e d  from Apollo Space- 

c r a f t " ,  USPHS , NCDC , Phoenix. 

B. Progress .  This  a c t i v i t y  was completed dur ing  t h e  p a s t  q u a r t e r .  The 

o v e r a l l  a c t i v i t y  w i l l  be  d i scussed  i n  t h e  fol lowing t h r e e  c a t e g o r i e s :  

1. Problem a n a l y s i s ,  

2. Programming, and 

3. Resu l t s .  

I n  analyzing t h e  problem, p resen t  p r a c t i c e s  were considered.  For t h e  

outbound contamination inven to ry  program, microorganisms were i s o l a t e d  from 

Apollo spacec ra f t  as co lon ies  t o  be i d e n t i f i e d .  These co lon ies  were t o  be  

c l a s s i f i e d  a s  belonging t o  one o f  95 p o s s i b l e  c a t e g o r i e s .  To perform t h i s  

c l a s s i f i c a t i o n  t h e  r e s u l t s  o f  ( p o s s i b l y  up t o  64) t e s t s  perfonned by t h e  

Bioassay Unit of t h e  Pub l i c  Health Se rv ice  a r e  recorded on a form. At 

I 
presen t  t h e  Bioassay Unit a l s o  determines  t h e  ca tegory  t o  which t h c  colony 

belongs and records  it on t h e  form. As p a r t  of t h e  Lunar Informat ion System 

t h e  d a t a  from t h e s e  f o n s  i s  processed and i s  a v a i l a b l e  i n  t h e  computer sub- 

r o u t i n e  QUALSUM. Thus, t h e  problem was: could a program be  w r i t t e n  which 

could t a k e  t h e  d a t a ,  s ay  from QUALSUM, and determine t h e  appropr i a t e  

ca t egory  f o r  t h e  sample? This  e s s e n t i a l l y  amounts t o  s imula t ion  of t h e  PHs 

i d e n t i f i c a t i o n  system i n  a computer program. The PHs i d e n t i f i c a t i o n  system 

c o n s i s t s  of  two e s s e n t i a l l y  d i f f e r e n t  p a r t s .  The f i r s t  p a r t  is a flow 

d i ~ r a m  vhich uses  t h e  r e s u l t s  o f  f i v e  t e s t s  t o  e n t e r  t h e  second p o r t i o n  

o f  t h e  system. This  second p a r t  c o n s i s t s  of t h i r t e e n  schemes (schemes A 

through M) which permit an i d e n t i f i c a t i o n  t o  be  made on t h e  b a s i s  o f  

c e r t a i n  t e s t s  s e l e c t e d  by t h e  outcomes o f  t h e  f i v e  t e s t s  used i n  t h e  first 

p a r t .  The schemes used i n  t h e  second p a r t  vary from complicated keys 

r e l a t i n g  a number o f  t e s t s  and organisms, t o  s imple  keys which admit an 

i d e n t i f i c a t i o n  based only upon t h e  f i v e  t e s t s  used i n  t h e  f i r s t  p a r t  of t h e  

scheme. 

When t h e  f i r s t  po r t ion  o f  t h e  i d e n t i f i c a t i o n  system is  analyzed i n  

t e r n s  o f  t h e  d a t a  r epor t ed  by t h e  PHs, it seems t o  have t h e  form o f  a 

dec i s ion  t r e e  i n  vhich each dec i s ion  is e s s e n t i a l l y  o f  a yes-no cha rac te r .  

Because of  t h i s ,  t h e  s imula t ion  o f  t h i s  p o r t i o n  v a s  q u i t e  strai(3htfomafd. 

Thus, s imula t ion  of t h e  i d e n t i f i c a t i o n  system reduced t o  r ead ing  t h e  f i v e  

r e s u l t s  necessary t o  determine vh ich  of t h e  t h i r t e e n  s e h m e s  of t h e  s e s o d  

p a r t  should b e  en te red  nnd a s imula t ion  o f  each o f  t b e s e  thixteem schemes. 

I n  gene ra l ,  t h e  schemes o f  t h e  second part of t h e  system m ~ m s i s t d  of a 

mat r ix  r e l a t i n g  ( through t e s t  r e s u l t s )  tests and t h e  i d e n t i f y  of t h e  

organisms as soc ia t ed  wi th  t h e  scheme. Hence, given a colony known t o  belong, 

t o  some scheme. t h e  outcomes o f  t h e  r equ i red  t e s t s  could be read f r o m  

QUALSUM as a T e s t  Vector and compared wi th  t h e  scheme mat r ix  u n t i l  n match 

was obtained which would provide t h e  d e s i r e d  i d e n t i f i c a t i o n .  



In exercising the program with data, it developed that frequently an 

exact match did not occur between the unknown Test Vector and results 

associated with any organism category in the scheme to which it presumably 

belonged. As a result the "best possible" match (or identification) was 

considered. This could occur in a number of ways. An identification could 

occur with an exact match except for a single test result which disngreed 

with that anticipated for the organism category. It might happen that 

there was a single disagreement with the results to be anticipated for two 

distinct organism categories or three or more organism categories. 

Similarly, there may be disagreement on two tests for one or more organism 

categories. As a result of these considerations, the computerized system 

indicates the level at which an identification is made in accordance with 

the following table. 

No. of Test No. of 
Disagreements Categories Computer Statement of RESUIA 

0 EXACT IDEXT 
I 1 ONE DISAGREEMENT 
1 2 2 SINGLE DISAGREEMENTS 
1 3 3 SINGLE DISAGREEMEETS 
2 1 TWO DISAGREEMENTS 

Other NO ID POSSIBLE 

As indicated above these options imply that multiple identifications will 

occur e.g. 3 SINGLE DISAGREEMENTS with three organism categories being 

equally possible using these selection rules. The level at which an 

identification is made could be varied st will. The above was selected 

as representing current PHs practice with the Apollo data. 

In accordance with the above considerations a program was written which 

simriiated the PHs identification system. To determine the feasibility of 

this approach the prouram was exercised with the Apollo 11 data as obtained 

from QUAGUM. Figure 1 is a sample page of the computer output. The first 

croup of columns under the heading SCHEME A TESTS in Figure 1 are (in 

order) the test results as reported by the PHs. The group of columns 

headed TEST VECTOR are the results of interest in Scheme A after conversion 

for computer use. They are obtained from the particular column of the 

SCHEME A TESTS headed by the digit indicating their order of occurrence. 

This TEST VECTOR is compared with the columns of the matrix representing 

the Scheme A key. The results of this comparison are contained in the 

MATCH VECTOR columns. These columns contain the number of tests which 

disqre& with the TEST VECTOR for each of the fourteen organism categories 

of Scheme F,. Finnlly, the column headed TEST ID lists the category 

number of the PHs identification while that headed SCHEME ID lists those 

category numbers assigned by the program. When the SCHEE ID column 

contains, among its choices, the TEST ID assigned by the PHs, the scheme 

was considered to agree with the PHs identification even thou& the S 

ID may not have been unique. This is illustrated below. 

Most of the Apollo 11 data was identified as Staphlseaccus os H c m n r s  

which used Scheme A of the Identification Systena. A swmaxy of the 

computer identification for Scheme A data is as follars: 
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(~on't) Apollo 11 
Semples 

Scheme Identified 

J 
K 
L 
M 

Added 
Subtotal 

TCTAL 

Agreement with PHS Identification was obtained for 87.9% of the Apollo 11 

data. Again, it is emphasized that for agreement, it is only necessary 

that the PIiS identification be amongthose listed by the scheme when 

multiple identification was given (which occurred about one third of 

the time). As can be seen, the schemes of primary interest for the 

Apollo data were progrmed and run. In some cases either no identification 

scheme was available or insufficient data was recorded in QUALSUIUI to 

enable an identification to be made. Discussions with PHs indicate 

that some of these difficulties could be removed. 

The program also provides a tool which can be used to obtain insight 

into the identification processes. It can be used to obtain a measure of 

the effectiveness with which various tests aroup microorganisms into 

categories. Thus, the relative effectiveness of various schemes and 

tests can be estimated. 

Scheme C is currently bein8 changed by the PHS. The changes will be 

incorporated into the computer program and the revised program will then 

be exercised with Apollo 12 data. 
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