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Summary o f  Activities 

Thewnoradiation Sterilization. Experimental act ivi t ies  this quarter fe l l  

into three primary categories. 

undertaken. O f  particular significance was thermoradiation s ter i l izat ion 

o f  - B. sub t i l i s  var. niger spores a t  6OoC w i t h  simultaneous y-radiation a t  

8 Krads/hr. The  D value for  this combined environment was found to  be 6 

hours. 

First, further low temperature work was 

The D value i n  dry heat alone is i n  excess of 53 hours a t  fiO°C. The  

second area o f  work was embedded spores. 

methacrylate and then exposed to  thermoradiation environments a t  105OC and 

varying dose rates. 

Spores were embedded i n  methyl- 

A synergism apparently comparable percentage-wi se to  

that found for  surface contamination was observed. Thus  one D value for  

embedded spores a t  105OC and 12 Krads/hr was essentially the same as the 

dry heat D value for exposed organisms a t  105OC without the radiation added. 

Finally, brief studies were undertaken by other organizations a t  Sandia to  

investigate any deleterious effects o f  thermoradiation on typical electronic 

devices and materials and to  determine the feasibi l i ty  of b u i l d i n g  a 

re1 a t i  vely inexpensive thermoradi a t i  on chamber 1 arge enough t o  hand1 e a 

V i  k i n g  spacecraft 

e The thewnoradiation inactivation 

e1 was used to  generate a family o f  curves relating - B. subt i l is  var. 

niger inactivation rates to  temperature a t  given dose rates. I t  i s  shown 

these curves may be used i n  planning s ter i l izat ion cycles. A document 
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describing the modeling effort-including a physical rationale for spore 

inactivation i n  thermoradiative environments--was pub1 ished this quarter. 

Thermoradiation Inactivation i n  a Sealed Container. An a t tempt  was made t o  

simulate the behavior of embedded spores 4 n  thermoradiation environments by 

u s i n g  small sealed aluminum containers. The inactivation of the spores i n  

open containers behaved precisely l ike those on a surface. When the 

containers were sealed, results approximating those obtained from spores 

embedded i n  methylmethacrylate were obtained. The system is quite simple 

and offers hope of studying factors which  m i g h t  cause the h i g h  resistance 

o f  embedded spores. 

s tudying  spore inactivation i n  closed systems. 

I t  a l so ,  once aga in ,  points out the p i t fa l l s  of 

Studies on Bacterial Spore Inactivation. In continuing t o  study the 

mechanisms for  bacterial spore inactivation i n  thermoradiation (and other) 

environments, i t  was found that there migh t  be a l i n k  between the resistance 

o f  bacterial spores t o  alcohols and their  resistance t o  heat. A preliminary 

investigation i s  reported here, b u t  further study i s  required. 

link i s  f o u n d ,  i t  offers a chemical means of investigating spore inactiva- 

t ion  and variations i n  spore resistance. 

If such a 

Bacteri a1 Spore Inacti vati on Model i ng . 
pas t  quarter has been directed toward the preparation of an interim report 

describing much of the past year's work. A brief s m a r y  of this document 

Acti v i  t y  i n this area d u r i n g  the 

is presented here. 

Humidity Control Systems. Two humidity control systems have been designed 

b u i l t  and tested dur ing  the pas t  two quarters. These systems are capable 
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o f  controlling RH t o  _sr 1 percent a t  ambient temperature and delivering this 

a i r  t o  a temperature chamber. The RH i n  the system is  monitored a t  ambient 

temperature f r  samples of a i r  taken both before and af te r  passing through 

the temperature chamber. 

some periodic manual control. Hence, i t  i s  used primarily for short-term 

experimentation. The other system is  sl ightly unwieldy b u t  requires no 

manual control. Theoretically i t  i s  capab e of long-term operation without 

adjustment or maintenance. 

One system is relatively portable b u t  requires 

Both are descr bed i n  th is  quarterly report. 

Bioburden Modeling and Experimentation. 

bioburden model has been drafted this  quarter. 

for bioburden estimation, prediction and deriving some sampling requirements. 

In addition to  t h i s ,  computations involving variable fallout rates and 

removal factors have been begun. An example is presented here. Instru- 

mentation to  estimate a cr i t ical  model parameter (numbers of organisms per 

"viable particle") has been developed and preliminary experimentation for 

model verification has been begun. 

A document describing the basic 

I t  describes the model's use 

Computerized Identification System. A very general and versati le computer- 

ized identification system has been designed, programmed and tested against 

the PHS Apollo data. This system has as  i n p u t s  a l l  information relating 

to  t e s t s ,  the i r  interpretations and possible organism categories. 

quently, i t  i s  easily modified to  keep pace w i t h  the PHS improvements i n  

their  identification scheme. In terms of agreement w i t h  PHS identification, 

this system performs essentially the same as the less general prototype 

system used for feasibi l i ty  studies described i n  QR 15. 

Conse- 

F 
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Federal Standard 209a. A t  the request o f  the AEC, the status o f  Fede 

Standard 209a was reviewed. 

currently needed 

I t  was our opinion t h a t  no revision was 



Thermoradi a t  i on Steri 1 i za t  i on 

A. Description. 

t i g a t e  the s t e r i l i z i n g  effects of  combinations of heat and r ad ia t ion ,  

and t o  assess  the p r a c t i c a l i t y  of this process f o r  spacecraf t  s ter i l i -  

zat ion.  Thermoradiation o f f e r s  the p o s s i b i l i t y  of s t e r i l i z a t i o n  a t  

temperatures l e s s  than 100°C a t  low dose r a t e s  of approximately 10 

Krad/hr. T h f s  i s  possible  because a synergistic effect i n  bac te r ia l  

inac t iva t ion  has been observed when combinations of heat and rad ia t ion  

a r e  used simultaneously. Should any spacecraf t  components prove t o  be 

heat sensitive a t  h i g h  temperatures, thermoradiation o f fe r s  a potent ia l  

means of overcmi  ng re1 iab i  1 i t y  problems - 

The objec t ive  of this a c t i v i t y  is t o  thoroughly inves- 

There appears t o  be po ten t i a l ly  s i g n i f i c a n t  spin-off p o s s i b i l i t i e s  

f o r  the thermoradiation process i n  the s t e r i l i z a t i o n  of drugs ,  pharma- 

c e u t i c a l s ,  cosmetics and food. T h i s  i s  pa r t i cu la r ly  true a t  the lower 

temperatures. 

B. Progress. Ac t iv i t i e s  this qua r t e r  have been concentrated i n  three 

major areas.  These a r e  described separa te ly  below. 

1.  Low Temperatures and Surface Contamination. A series of experiments 

s performed t o  obtain addi t ional  data  a t  temperatures below 100°C. 

T h i s  low temperature da ta  combined w i t h  the var iab le  gama i r r a d i a t i o n  

dose r a t e  da ta  provides f o r  further opt  mization o f  heat  and rad ia t ion  

levels where lower temperatures a r e  des red t o  achieve effective 

steri l  imation. Experimentatal results have shown t h a t  good syne rg i s t i c  

e ava i l ab le  a s  low as 60°C. 
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Figure 1 i l lus t ra tes  a typical D value versus dose rate curve for  

fixed temperature. 

are o f  this form w i t h  only an upward shift  as the temperature decreases. 

The knee i n  the curve remains a t  about the same dose rate value of 

roughly, 8 Krads/hr. Beyond this value, a u n i t  increase i n  dose rate 

yields smaller and smaller returns i n  inactivation a t  a l l  temperatures 

t h u s  fa r  investigated. Thus  i t  seems of l i t t l e  value t o  use massive 

dose rates when potential side effects of r ad ia t ion  w e  a consideration. 

Accordingly, much o f  the experimentation this quarter was performed a t  

a dose rate  of 8 Krads/hr. T h i s  data i s  sumnarized i n  Figure 2 where 

i t  i s  shown that a t  8 Krads/hr, 

Even a t  lower temperatures, we f i n d  that the curves 

D105 = 1 . 5  hours 

DIOO = 2.2 hours 

Dgo = 3 hours 

Da5 = 2.7 hours, and 

D60 = 6 hours. 

T h i s  da t a  provides an opportunity t o  t e s t  the mathematical model 

developed t o  predict microbial inactivation d u r i n g  thermoradiation ex- 

posure. As can be seen from Figure 2 ,  themodel predictions are quite 

accurate. A more complete se t  of these curves for  dose rates between 5 

and 50 Krads/hr, as generated by the model may be found elsewhere i n  

this report. 

O f  particular interest  this quarter was the inactivation of B.  - 

subt i l is  var. niger spores a t  60OC w i t h  the 8 Krads/hr dose rate. This 

data i s  shown separately i n  Figure 3, and has particular relevance 
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because 60°C is  the standard pasteurizat ion temperature e 

t i on  a t  the University o f  Minnesota ind ica tes  t h a t  dry heat D values f o r  

- B. s u b t i l i s  var. niger spores a t  60°C will  range from 53 t o  274 hours 

depending upon the mol sture conditions of the spores 

of rad ia t ion  a t  a r a t e  of 8 Krads/hr (and 30 percent RH, ambient), this 

Experimenta- 

W i t h  the add i t i  on 

value becomes 6 hours ( a t  worst a nine-fold improvement) computed from 

t h a t  da ta  shown i n  Figure 3 s i n g  l i n e a r  regression techniques. T h i s  D 

value f o r  a complete experimental r u n  a t  60°C is s l i g h t l y  lower than 

t h a t  indicated by a prel iminary r u n  presented l a s t  quar te r  ( O R  16 ) .  

To obtain the same D value from dry heat alone would require a tempera- 

ture i n  excess of IOOOC. 

F ina l ly ,  Figure 4 shows survivor  data  t 95OC and 21 Krads/hr. The 

D values i n  this case is  1.5 hours--essent ia l ly  the same as t h a t  f o r  

105OC a t  8 Krads/hr. These trade-offs  a r e  discussed b r i e f l y  i n  the  

Thermoradiation Modeling sect ion of this report .  

2. Embedded Contamination. In recent  years i t  has been found t h a t  the 

heat res i s tance  of organisms i s  subs t an t i a l ly  increased when they a r e  

embedded i n  s o l i d  mater ia ls  typical  of D o t t i n g  compounds or  cas t ing  

resins. In p a r t i c u l a r ,  Angelotti e t  a1 found the  dry heat D value f o r  

- B. s u b t i l i s  var. niger increased t o  30 hours a t  105OC i n  methylmethacry- 

l a t e .  For surface contamination the d ry  heat  D value a t  105'C i s  

* 

general ly  about 4.5 hours. W i t h  this data  as a s t a r t i n g  point we began 

II 

"Influence of S e Moisture Content on Dry Heat Resistance of 
Bacillus subtilis var. niger9" ADpl. Micro. - 16(5):  741. (1968). 
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an evaluation o f  the effectiveness of thermoradiation on embedded con- 

tamination. 

To prepare the methylmethacrylate plastic w i t h  the embedded spores, 

the polymerization i n h i b i t o r  was f i r s t  removed from the l i q u i d  methyl- 

methacrylate monomer. 

in two different ways. 

of a 10 ethanol spore suspension into a s t e r i l e  beaker. 

ethanol had evaporated, the spores were equilibrated for 72 hours over 

a saturated solution o f  magnesium chloride (MgC12) resulting in a 

relative humidity o f  33 percent a t  room temperature. 

prepared liquid methylmethacrylate monomer were then added t o  the 

beaker containing the spores. T h i s  mixture was insonated for two 

The liquid monomer was then mixed w i t h  spores 

The f i r s t  means of mixing was t o  pipette two ml 
9 After the 

Sixty ml o f  the 

minutes a t  12  watts per square inch t o  break up any spore clumps i n  the 

liquid monomer. 

added t o  the liquid and the mixture was placed under vacuum and st irred 

with a magnetic s t i r r e r .  

of a i r  from the mixture, the methylmethacrylate was partially polymerized. 

S ix ty  grams of methylmethacrylate powder (polymer) were 

After 18 minutes of s t i r r ing and evacuation 

T h i s  mixture was then poured ou t  and pressed between plate glass sheets, 

t o  a thickness of 0.030 - + 0.001 inch. 

together and this  assembly submerged i n  a water bath a t  a constant 

temperature of 5OoC,  for two hours and 45 minutes, for complete poly- 

merization. The resulting sheets of plastic were hard ,  clear,  free of 

bubbles, approximately 150 square inches in size and weighed about  100 

grams. 

The glass sheets were sealed 

Following Angelotti, e t  a l ,  above, the second method used t o  inocu- 

la te  the plastic w i t h  spores was t o  mix the ethanol spore suspension i n -  

t o  the dry methylmethacrylate powder. The spore suspension was poured 

14 
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over 30 grams o f  methylmethacrylate powder and mixed for 5 minutes on 

a magnetic s t i r r e r .  The mixture was allowed t o  a i r  dry a t  room tempera- 

ture u n t i l  a l l  the ethanol had evaporated and then stirred again until 

the spore inoculum was well distributed throughout the powder. The 

inoculated powder was then equilibrated over a saturated solution of 

MgC12 a t  room temperature for  72 hours. Th i r ty  m l  o f  the prepared 

methylmethacrylate l i q u i d  monomer were added t o  the powder mix and this 

mixture placed under vacuum and st irred w i t h  a magnetic stirrer. When 

air bubbles no longer emerged from the mixture, i t  was removed from the 

vacuum and heated for 30 seconds a t  50°C, t o  in i t ia te  polymerization. 

The mixture was then returned t o  the vacuum chamber and evacuated and 

stirred u n t i l  i t  was partially polymerized. The plastic was then cast 

between the plate glass sheets, polymerized, and the sample chips cut 

and stored in the same manner as described below. 

In bo th  cases a 5/8-inch diameter hole saw which had been ground t o  

a very t h i n  cutting edge was used t o  cut the sample chips from the 

plastic sheet. Average weight of these sample chips was 0.203 - + 0.005 

grams and each chip contained about 1.2 x 10 viable spores. The loss 

of approximately one log of spores was due t o  the effects of polymeri- 

zat ion.  The prepared plastic chips were stored under refrigeration a t  

O0C or  less u n t i  1 prepared for exposure t o  the s te r i  1 i z ing  environments. 

To assemble the samples from b o t h  preparation methods f o r  exposure, 

5 

three o f  the chips were placed on a n  aluminum strip and secured i n  

place w i t h  a narrow strip of autoclave tape. These assembled sample 

s t r ips  were maintained under refrigeration a t  less t h a n  O0C u n t i l  exposed 

t o  the s ter i l iz ing environments. 
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Recovery of the spores from the methylmethacrylate chips was 

accomplished by f i r s t  dissolving the chips i n  acetone in 180 m1 wide- 

mouth dilution bottles. To assure h i g h  purity of the acetone used, i t  

was f i l tered through a 0.45 micron pore-size f i l t e r .  To thoroughly 

dissolve the chips i n  the shortest possible time necessitated some 

constant a g i t a t i o n  of the acetone and chip. This was performed by 

affixing the dilution bottles on a shaker table. 

placing the chips in metal baskets t o  prevent them from becoming attached 

t o  the inside of  the bottle. The baskets were fabricated from perfor- 

ated stainless steel  sheets i n  a size t o  f i t  i n t o  the wide-mouth dilu- 

tion bottles. W i t h  the plastic chips in the basket i n  100 m l  of acetone 

i n  the dilution bottle on a shaker table w i t h  constant agitation, complete 

dissolution was accomplished i n  about  2 hours. This time, howeverg 

varied somewhat w i t h  the time the chips were exposed t o  the gamma 

irradiation with some insoluble crystals evident w i t h  increased i r r a d i a -  

tion exposure. 

sol ution were prepared, as required, wi t h  s ter i  1 e acetone. These d i  1 u- 

tions were pipetted onto Gelman Metricel, alpha 6,  s t e r i l e  f i l t e r s  in 

a f i l t e r  holder apparatus and vacuum f i l tered.  The  f i l tered spores were 

then washed w i t h  s t e r i l e  acetone to  rinse off any  methylmethacrylate 

residue, followed by two s t e r i l e  water rinses t o  remove the acetone. 

The f i l t e r  containing the spores was t h e n  placed on a Trypticase Soy 

Agar underlay i n  a petri d i s h  and incubated. The plates were counted 

after 24 hours of incubation a t  35"- 

I t  also necessitated 

After dissolution, tenfold serial  dilutions of the 

The two methods of embedding spores described above yielded d i  

ferent results. First of a l l ,  the l a t t e r  method of inoculating the dry 

6 



resulted i n  rather large clumps of spores i n  the f i n a l  sample 
3 r i a l .  These clumps seemed to  contain on the order of 10 spores 

each. The survivor curvec, using this method is  shown i n  Figure 5 and 

ed clumped spores. 

results i n  a D value of 2.5 hours. 

o f  the curve w i t h  the minimum slope the D value would be about  6.5 hours. 

The second method of adding l i q u i d  monomer t o  dry spores resulted i n  

significantly less clumping o f  spores. W i t h  the same temperature/dose 

rate conditions this method yielded an overall D value of 1.9 hours as 

shown also i n  Figure 5. Considering only the l a t t e r  p a r t  of the curve 

the D value was 4 hours. The reason for  the rap id  i n i t i a l  decrease i n  

populat ion i n  both clumped and uniform cases has not been determined. 

I t  may be due i n  p a r t  t o  add i t iona l  polymerization b u t  a similar response 

was obtained using gelatine matrix equilibrated a t  75 percent RH before 

exposure t o  thermoradiation treatment. Figure 6 i s  a comparison of two 

dose rates w i t h  spores uniformly distributed i n  the methylmethacrylate. 

These two curves are the f i r s t  i n  an anticipated series for  defining a 

D value versus dose rate relationship a t  105OC for methylmethacrylate. 

An increase i n  the dose rate  from 1 2  t o  30 Krads/hr reduced the D value 

for the portion of the curve w i t h  minimum slope from 5 t o  4 hours. 

A linear regression of the data shown 

However, considering only t h a t  p a r t  

3. 

nat ing  effect  of thermoradiation, we have been concerned w i t h  two 

implications resulting from possible use of  thermoradiation on space- 

craft:  The effects of t he~orad ia t ion  on spacecraft components and 

materi a1 o and the faci 1 i ty  requirements t o  accompl i sh spacecraft thermo- 

r a d ~ a t i o ~  step 

Corollary Studies--In addition t o  the investigation of the s t e r i l i -  

7 
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A preliminary study was made by the Radiation Effects and Semi- 

conductor Devices Department (2650) to  evaluate the effects o f  thermo- 

radiation on electronic components and spacecraft materials that might  

be affected. The study revealed no serious problems i n  electronic 

components provided they are designed or selected intell igently,  w i t h  

radiation i n  mind. 

o f  radiation used. 

exhibits 1 i t t l e  change after thermoradiation exposure. The addi tion of 

heat d u r i n g  the thermoradiation exposure tends to  anneal the normal 

radiation damage to  the teflon. 

Materials are not generally affected a t  the levels 

Teflon, one o f  the most radiation sensitive materials, 

A study made by the Reactor Source Applications Division (5221) 

reviewed the f ac i l i t i e s  required to  accomplish thennoradiation s t e r i l i -  

zation of an ent i re  spacecraft. Based on the s ter i l izat ion cycles we 

have developed a t  low temperatures o f  80°C to  10!j°C.and low irradiation 

levels of 10 Krads/hr,  the fac i l i ty  requirements are entirely feasible. 

Estimated maximum additional cost is about 9150,000 for the gamma faci l i ty .  

Information on these two studies along w i t h  the thermoradiation 

process briefing was presented t o  a meeting attended by personnel from 

NASA space f l i g h t  centers and contractors dur inq  the quarters. 

A report t i t l ed  "A Study of the Effectiveness o f  Thermoradiation 

Steril ization" was prepared and i s  i n  the final stages for publication 

as an SC-RR. This report updates the information on this subject as 

derived from the work performed since the l a s t  report, SC-RR-69-857, 

December 1969. 
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Modeling o f  Thermoradiation Synergism 

A. Descr ipt ion.  The object ives o f  t h i s  a c t i v i t y  are t o  develop a phys i ca l l y  

ode1 represent ing bac te r ia l  c e l l  i n a c t i v a t i o n  i n  composite 

environments o f  heat and i o n i z i n g  r a d i a t i o n  and t o  make t h i s  model 

ava i lab le  f o r  analys is  and for planning fu ture work i n  t h i s  area. The 

model described i s  based upon the  analys is  o f  the  experimental r e s u l t s  

presented elsewhere i n  t h i s  repo r t  and i n  the  two previous quar te r l y  

reports.  

means f o r  obta in ing operat ional  parameters f o r  s t e r i l i z a t i o n  bu t  a lso 

lend i n s i g h t  i n t o  thennoradiat ion s t e r i l i z a t i o n  poss ib ly  leadinq t o  

f u r t h e r  increases i n  syne rg i s t i c  a c t i  v i  ty  . 

It i s  expected t h a t  such a model w i l l  no t  on ly  provide a 

6. Progress. The semi -empi ri cal  model 

KT ,l4.55 ,-16890/T 218/T ,8.15 ,-2775/Tl (2 )  ' 'd k = kT + kS = - h 

where T i s  temperature i n  'Kelvin and Pd i s  r a d i a t i o n  dose r a t e  i n  

k i lo rads  per  hour represents the  operat ional  p o r t i o n  o f  the  model for  

simultaneous appl icat ions o f  dry-heat and y - rad ia t ion  t o  our own spore 

stocks. 

c r i t e r i a .  

t i o n  reduct ion from some estimate o f  the  i n i t i a l  oad, the maxim 

acceptable t ~ m p e r a t u r ~ ~  the  maximum acceptable t o t a l  dose, and some 

upper l i m i t  on t ime which can be used for  t k  s t e r i ~ i z a t ~ o ~  process 

For appl icat ions,  one t y p i c a l l y  has a s e t  o f  operat ional  

These c r i t e r i a  describe the  desired number o 1 ogs of popula- 

20 



The maximum acceptable temperature and dose used for s ter i l izat ion are 

normally based on a measure o f  required component re l iabi l i ty .  

The family of curves shown i n  the accompanying figure are derived 

from the above model. These may be used i n  the definition of the 

s ter i l izat ion process based on whatever c r i te r ia  are stated. To see how 

this might be done, suppose the maximum allowable total dose and the 

upper 1 imi t i n  time, tmax (hours), for the s ter i  1 i za t ion  process are 

prescribed, then the reaction rate required for n logs reduction i n  

population i s  

k = 1 ln(%) 2 . 3 ( L )  
%ax tmax L a x  

The maximum dose rate  for the procedure i s  then equal t o  the to ta l  

allowable dose divided by the maximum time, tmax, and the temperature T 

needed t o  provide the required reaction rate a t  the specified dose rate 

may be found from the accompanying family of curves by looking a t  the 

intersection of the reaction rate k w i t h  the curve for  the maximum 

dose rate. 

A document "A Mathematical Model for the Thermoradiation Inactiva- 

t i o n  of Dry Bacillus subt i l i s  var. niger Spores," was published this 

quarter (see Publications). T h i s  document essentially describes in 

detail the act ivi t ies  reported in the two previous quarterly reports 

( Q R  15  and Q R  16 ) .  

empirical derivation of the model, the analogy between the parameters 

in the empirical model and polymerization and the rederivation o f  the 

model from physical principles suggested by this  analogy. 

The document includes a discussion of the original 
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By way o f  spin-off, there is a strong suggestion that a model o f  

this type would also be applicable to thermoradiation polymerization 

processes. 

RATE OF INACTIVATION OF BACILLUS 
SUBT lL lS  VAR. NIGER SPORES AS A 
FUNCTION OF TEMPERATURE FOR A 

TEMPERATURE - 'CENTIGRADE 
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Thennoradiation Inactivation i n  a Sealed Container 

A. Description. 

a practical experimental protocol which can be used t o  study the para- 

meters affecting the rate of inactivation o f  microorganisms by thermo- 

The objective of this course of experiments is to  develop 

radiation i n  a closed, sealed system. 

i s  hoped that a t  least  a p a r t i a l  understanding of the decreased rate 

of inactivation i n  matrices such as methylmethacrylate, gelatin, epoxy, 

etc. will be obtained and t h a t  practical models of the situations can 

In the course of this study i t  

be derived. 

B. Progress. The in i t i a l  e f for t  i n  this activity has been centered around 

the use of small aluminum ampoules. 

dr i l l ing 3/8-inch diameter holes 3/4-inch deep into l-inch long sections 

of l/Z-inch aluminum b a r  stock. The mouth o f  each ampoule was threaded 

These ampoules were prepared by 

for  a 1/4-inch long 3/8-inch x 24 socket head screw which was equipped 

w i t h  a t ightly f i t t i n g  l/4-inch rubber "0" r i n g .  The ampoules were 

arranged i n  groups of six each i n  small aluminum racks. Tests on the 

ampoules w i t h  the caps i n  place showed them capable o f  holding a 

minimum guage pressure o f  30 psi. 
7 The aluminum ampoules were loaded by placing 0.5 ml of 2 x 10 per 

m l  ethanol suspension o f  Bacillus subtilis var. niger into the cavity 

and evaporating the ethanol into a 25 i n .  of Hg. vacuum for approximately 

16 t o  17  hours over a desiccant. 

placed i n  the composite heat-radiation environment w i t h  three ampoules 

Each set o f  six ampoules was then 

sealed w i t h  their caps and the other three ampoules open to  the ambient 
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environment. After exposure the organisms were removed by depositing 

each ampoule in a cylindrical glass bottle f i l l ed  w i t h  25 m l  of cold 1 

percent peptone water and by sonicating the combination for 2 minutes. 

The rationale backing these experiments was t o  see i f  the micro- 

organisms within the sealed system would have an inactivation ra te  

significantly different from those within the open system as i s  observed 

for embedded organisms. Of particular interest  i the pressure 

parameter since this  parameter i s  increased i n  the sealed system due t o  

the heating of i t s  confined volume of  a i r  while the pressure of the open 

system remains a t  ambient. 

The following two figures of data represent the results obtained t o  

The inactivation curves of the organisms a t  105OC and 20 krads/hr date. 

show D values of 0.929 hours and 3.03 hours for the open and the sealed 

ampoules respectively. A t  12OoC and 20 krads/hr the D values were 

.44 hours and 1.64 hours for the open and sealed ampoules respectively. 

A t  1 0 5 O C  the pressure within the sealed ampoule is approximately 1.062 

atmospheres, and a t  120°C the pressure i s  approximately 1.104 atmos- 

pheres relative t o  the ambient Albuquerque pressure of 0.827 atmospheres. 

Calcualted RH values for  the systems are: 

Temperature 
105OC 120°C -- 

Open 0.45% 0.28% 

C1 osed 0.59% 0.38% 

accounting for atmospheric moisture.. 

other sources (outgassing an so fo r th )  are not  known. 

Possible moisture levels from 
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As can be seen the inac t iva t ion  r a t e  o f  the organisms i n  the 

sea led  ampoules is considerably less than t h a t  of the open ampoules 

i n  each case.  O f  experimental importance is the f a c t  t h a t  the D values 

of  the inac t iva t ion  curves f o r  the open ampoules a r e  the same as  t h a t  

obtained f o r  s i m i l a r  temperatures and r ad ia t ion  dose r a t e s  using the 

standard experimental set-up o f  the thermoradiation study. Since spore 

inac t iva t ion  i n  methylmethacryl a t e  yields non-logari thmi  c curves ,  and 

has,  t o  d a t e  been r u n  only a t  12 and 30 Krads/hr, no c e r t a i n  comparison 

can be made between the ampoules and p l a s t i c s .  

seem t h a t  the 3-hour D value a t  105OC and 20 Krads/hr i n  the  aluminum 

ampoules compares favorably w i t h  the &hour D value computed from the 

t a i l  of  the methylmethacrylate da ta  a t  105OC and a lower dose r a t e  of  

12 Krads/hr. 

Nevertheless, i t  would 

R A D I A T I O N  DOSE, KRADS 

IO  20 30 40 
I I I I I I I I I 

t 

OPEN ALUM. AMPOULE 

0.827 A T M  
A 

THERMORA C 1 AT1 ON I NACTl  VAT1 ON 

IN A SEALED CONTAINER 

0 30 60 90 I20 

MINUTES @ lZO°C 

25 



RADIATION DOSE, KRADS 

20 4@ 60 8n 
I I I I I I I 1 I 

z 
0 

t 

SEALED ALUM. AMPOULE 

1.062 ATM 
b l A  F \  

Iz 
\ 

E- 
\A OPEN ALUM. AMPOULE 

'I. 827 ATM 

t \ 
b 

I d  k THERMORADIATION INACTIVATION 



Studies on Bacterial Spore Inactivation 

A. Description. One o the major problem areas relating t o  spacecraft 

s ter i l izat ion i s  that  o f  the variable resistance of spores to  a given 

s ter i lant .  For example, i t  i s  often observed that daughter stocks 

derived from wild type spores i n  a laboratory do not have their  

parent's extreme resistance to  heat. 

of the same spore strain whether laboratory or  wild type often have 

different resistance characteristics. As yet there is  no way to  

confidently predict the resistance of randomly chosen spores--or even 

guess how h i g h  a resistance is possible. 

Since spacecraft s te r i  1 i zati on w i  11 probably involve the i nacti - 
vation o f  random intramural bacteri a1 spores of ,  possibly , many different 

species and resistance levels, a means of estimating these resistance 

levels is  needed. 

through a better understanding of why spores are resistant t o  the 

various s ter i lants  that may be used i n  spacecraft s ter i l izat ion.  T h i s  

approach offers the opportunity for  ultimately assessing the likelihood 

that the D value chosen for  s ter i l izat ion i s  reasonable for the 

expected spore population o f  the spacecraft. 

Similarly different spore stocks 

Clearly the best way to  resolve this problem is  

A number o f  approaches may be taken to  studying the h i g h  resistance 

of spores. In i t ia l ly ,  the most promising would appear t o  be a comparison 

es and their vegetative counterparts. For example, the 

that some species e dipicolinic acid for  heat resistance, as 

onstrated by H. Halvorson w i t h  - B, cereus, was a rived a t  t h r o u g h  the 



observat ion t h a t  spores conta in  d i p i c o l i n i c  ac id  and vegetat ive c e l l s  

do not. 

B. Progress. Another p o t e n t i a l l y  s i g n i f i c a n t  d i f fe rence between some 

spores and t h e i r  vegetat ive form was observed i n  the  course o f  our 

work presented i n  QR 15 and QR 16. 

i s  bac te r i c ida l  bu t  no t  spor ic ida l .  We have observed t h a t  ethanol i n  

t race amounts prevents germination o f  - B. s u b t i l i s  spores. This e f f e c t  

i s  obviously a reve rs ib le  one, s ince spores are o f t e n  s tored i n  ethanol, 

S t i l l ,  ethanol i s  chemical ly ac t i ve  i n  spores as we l l  as vegetat ive 

ce l l s - -bu t  i n  a very d i f f e r e n t  way. This ra ises  the question: Given 

t h a t  ethanol i s  chemical ly a c t i v e  i n  spores i s  i t  poss ib le  t h a t  the  

. res is tance mechanisms o f  spores i n  some way prevent the  ethanol from 

i n a c t i v a t i n g  the  spore. 

chemical ly studying spore resistance, 

have been s ta r ted  and are repor ted below. Bas ica l l y ,  they demonstrate 

t h a t  there  i s  an almost exact s i m i l a r i t y  between the gross proper t ies 

o f  a lcohols and t h e i r  e f fect iveness as sporu la t ion  i n h i b i t o r s  and 

bacter ic ides-- the former being revers ib le ,  the  l a t t e r  not. 

It has long been known t h a t  ethanol 

If so, t h i s  o f f e r s  a po ten t i a l  means o f  

Prel iminary e f f o r t s  i n  t h i s  area 

The process o f  spore germination can be fol lowed by observing the  

changes i n  o p t i c a l  densi ty  f o r  a spore suspension as a func t ion  of t ime 

(QR 15,16). 

Bac i l l us  s u b t i l i s  var. n iger  were exposed t o  germinating media i n  the 

absence and presence o f  ethanol. 

germinating media caused a decrease i n  the  ex ten t  o f  spore germination. 

Such a r e s u l t  was observed f o r  a11 the  add i t i ves  studied and presented 

i n  t h i s  inves t iga t ion .  

Figure 1 i l l u s t r a t e s  the  data obtained when spores o f  

Increasing the  l e v e l  o f  a lcohol  i n  the 
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a lso  presents the germination data f o r  Bac i l l us  pumilus 

i n t e r e s t  t o  note t h a t  the  f i n a l  exter? 

both species i s  near ly  i den t i ca  , a t  a given ethano concentrat ion 

e the  shape o f  the  germination curve f o  each species i s  d i f  

The - B. pumilus spores showed a l a g  p r i o r  t o  the  i n i t i a t i o n  o f  germinat~on 

when i n  the  presence o f  alcohol. 

A p l o t  o f  the  ex ten t  o f  germination as a func t i on  o f  alcoho 

concentrat ion i s  presented i n  Figure 2. 

t o  ob ta in  an extrapolated value f o r  the  l eve l  o f  a given alcohol 

required t o  completely i n h i b i t  germination. Figure 3 i l l u s t r a t e s  the  

re1 a t ionsh ip  between the  alcohol  concentrat ion requi red f o r  the t o t a l  

i n h i b i t i o n  o f  spore germination and alcohol  molecular weight. Analogs 

o f  n-propanol were used t o  study both the e f f e c t  o f  alcohol s t ruc tu re  

and the  e f f e c t  o f  func t iona l  subs t i tuent  on the  extent  o f  germination. 

2-propanol was found t o  be a less  e f f e c t i v e  i n h i b i t o r  o f  spore germina- 

t i o n  than was n-propanol e 

was found t o  be a less e f f e c t i v e  i n h i b i t o r  o f  spore germination than 2- 

propanol. This data i s  a lso  presented i n  Figure 3. 

From such data i t  was poss ib le  

Acetone, the ketone analog o f  2-propanol 

The spore suspensions conta in ing the  various alcohol concentrat ions, 

f o r  example see Figure 1, were s e r i a l l y  d i l u t e d  and p la ted on f r y p t i -  

case Soy Agar. 

suspensions were e s s e n t i a l l y  the  same regardless o f  the alcohol  

concentrat ion of the alcohol ,  t o  which the spores had been exposed. 

~ p p a r e n t l y ~  the ~ n h i b i t i o ~  o germination by alcohols could b 

The colony counts obtained from the  various spore 

o r  the  

sed by the  e f f e c t i v e  r 
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inhibition of spore germination by' alcohols i s  illustrated in Figure 4 .  

The non-germinated spores were removed from the alcohol environment 

by Mil lipore filtration and re-suspended in Tryptiease Soy Broth free 

of any inhibitory additive. The re-suspended spores showed normal 

germination. 
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The effect o f  alcohols on spores as not been extensively s tud ied ,  

perhaps due to  the arly work which establ isked the non-spopicidal 

action o f  alcohols. 

the development of dormant spores to vegetative cel ls  have been under- 

However, sane studies on the effect o f  alcohols on 

taken. Some studies have shown that certain alcohols, i .e.,  2- 

phenylethanol, chlorocresol, mixed esters of p-hydroxybenzoic acid, 

ethanol 

T h i s  investigation establishes that remarkably low concentrations of a 

wide variety of alcohols, aliphatic as well a s  aromatic, can totally 

i n h i b i t  spore germination. T h i s  inhibition appears t o  be completely 

and n-octanol , can i n h i b i t  the process o f  spore germination. 

reversible. 

T h e  activity o f  the alcohols i n  i n h i b i t i n g  spore germination increases 

as their  molecular weights and chain lengths increase (Figure 3) .  T h i s  

same relationship is  observed for  the action of alcohols as bacterial 

disinfectants. 

effective bacterial disinfectants than are secondary alcohols and i n  this 

study a primary alcohol, n-propanol, was more effective than a secondary 

I t  i s  of interest that primary alcohols are more 

alcohol 2-propanol , i n  i n h i b i t i n g  the spore germination process e Such 

correlations between the effect  of alcohol on bacterial vegetative cel ls  

and bacterial spores suggest that  the mechanism of alcohol inactivation 

may be similar for  b o t h  systems, 

inactivation of wegetative ce l l s  is  non-reversible, while the inhibition 

A basic difference i s  that  the 

of spore germination by alcohols appears t o  be completely reversible. 

The aliphatic alcohols have been found t o  i n h i b i t  spore germination 
* 

a t  remarkable low concentrations i n  this study. Curran and Knaysi 

* 
Curran$ H. R. and Knaysi, G . ,  3 .  Bacteriol. - 82, 793 (1961). 
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reported near ly  complete i n h i b i t i o n  o f  - B. s u b t i l i s  spore germination by 

ethanol a t  10 percent (v/v) and p a r t i a l  i n h i b i t i o n  by o c t y l  alcohol 

a t  0.1 percent (v/v). 

t i o n  was observed a t  2 percent ethanol and 0.003 percent n-octanol i n  

Complete i n h i b i t i o n  of - B. s u b t i l i s  spore germina- 

t h i s  study. The d i f fe rences  between the  work of Curran and Knaysi and 

t h i s  i n v e s t i g a t i o n  i n  def in ing the  concentrations o f  alcohol requi red 

t o  i n h i b i t  germination are probably due t o  the  d i f fe rences  i n  methods 

used t o  study spore germination. The concentrat ion o f  n-octanol 

(0.003 percent) required t o  completely i n h i b i t  germination i s  an upper 

l i m i t ,  s ince f u r t h e r  study t o  more p rec i se l y  de f ine  the l e v e l  o f  n- 

octanol needed f o r  i n h i b i t i o n  was no t  undertaken. I nc iden ta l l y ,  such a 

study together w i t h  an i nves t i ga t i on  o f  even higher molecular weight 

alcohols could prove most i n t e r e s t i n g  and may be o f  value t o  the  food 

indus t r y  as a means o f  c o n t r o l l i n g  the  spore forming bacter ia .  

regard the  observation t h a t  - B. pumi 1 us spores responded t o  treatment 

I n  t h i s  ~ 

w i t h  ethanol i n  p r a c t i c a l l y  t he  same manner as d i d  spores o f  - B. s u b t i l i s  

(F igure 1)  i s  o f  i n t e r e s t .  The f a c t  t h a t  two species o f  spores could 

be i n h i b i t e d  by alcohol suggests t h a t  the i n h i b i t i o n  o f  spore germina- 

t i o n  by a1 cohols may have general appl i c a b i l  i ty  t o  aerobic spores. 

A study t o  determine the  capaci ty o f  alcohols t o  func t ion  as sporos ta t i c  

agents could have very p r a c t i c a l  imp1 i ca t i ons .  

The s i m i l a r i t i e s  and major d i f f e rence  ( r e v e r s i b i l i t y )  o f  t he  e f f e c t s  

o f  alcohols on spores and vegetat ive c e l l s  might be explained i n  

several ways, and these are now under i nves t i ga t i on .  

possible t o  determine whether a spore's "resistance" t o  alcohols i s  

It now appears 

d i r e c t l y  r e l a t e d  t o  i t s  dry-heat resistance. 
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Bacteri a1 

A. Description. One object 

based model of bacterial 

behavior para1 le1 i ng a1 1 

Spore Inactivation Modeling 

ve of this activity is  to  develop a phys 

spore inactivation capable of exhibiting 

known forms of bacterial spore dry-heat 

cal ly 

survival data and consistent w i t h  known physical and chemical facts 

about spores. 

spore inactivation i n  dry-heat environments and some quantitative 

expression of this understanding for use i n  predicting the efficacy of 

s ter i l izat ion cycles. 

attempt to  rational ly incorporate environmental parameters t o  spore 

inactivation through the physical parameters occurring i n  the model. 

Clearly, the ultimate objective is  the understanding of 

Thus one phase of this activity has been to  

B. Progress. 

the preparation of an interim report describing the progress of the past 

year. 

The activity this past quarter has been devoted primarily t o  

The f i r s t  section of the report i s  devoted primarily to  a discussion 

of the desirabil i ty of modeling and the basic assumptions upon which 

the modeling has been based. 

The second section of the report describes the theoretical develop- 

ments that have occurred i n  the past year. These fa l l  basically into 

four categories. 

1 + 

permit reaction types of the form 

Generalization of the Model--The model as expanded slightly t o  
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as inactivating reaction types. The first  two o f  these are assumed t o  

be f i r s t  order react-ions competing t o  fnactivate nl mollecul 

nknown) substrate A. The t h i r d  i s  assumed t o  be a n  independent 

second order react1 on which results i n spore i nacti vat1 on by i nacti vati ng 

n2 o f  the assumed n3 molecules of  some (unknown) substrate E. Physical 

motivation is  provided for the selection of this collection of reaction 

types i n  spore inactivation by heat. 

Associated w i t h  each of the arrows above is a reaction rate  con- 

s tant  k .  There are five such parameters i n  the model. The model has 

been generalized so that  each o f  these, i n  t u r n ,  i s  expressed i n  terms 

of parameters associated w i t h  the activation of the reaction according 

to  absolute reaction rate theory. 

be of the form 

S ecifically,  each k is  assumed t o  

where k is Boltzman's constant, h is Planck's constant, AH 

activation enthalpy o f  the reaction a t  zero pressure, AS: is  t h  

activation entropy of the reaction a t  zero pressure, p i s  the pressure . 
( a t  which the reaction takes place), A V  ' i s  the activation volume o f  the 

reaction, R is  the gas constant and T is the temperature a t  which the 

reaction takes place. Frequently this  kinetic model is used w i t h  the 
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+ paV term incorporated into A 

2. 

o f  the integral entropy and entropy of sorption for certain biomolecules 

as a function of water content or availability. Since the entropy of 

a molecule is ,  a t  any time, the sum of the entropies from a l l  causes, i t  

may be reason d t h a t  the activation entropies of the above reaction types 

should have similar behavior patterns as a function o f  aw. When this 

assumption is  made, and ASo i s  varied as a function of aw i n  accordance 

w i  t h  the experimental data, the resulting variation i n survivors 

(computed using the kinetic model) has the same characteristic fom as 

that observed i n  survivor studies as a function of aw. While this 

evidence i s  indirect ,  i t  seems reasonable to  incorporate water effects 

i n  dry-heat s ter i l izat ion i n t o  the kinetic model through their  effect 

upon the activation entropy of the assumed reactions. T h i s  i s  the 

approach taken i n  this document. 

Incorporation of Water Activity--Data exist w h i c h  show the behavior 

t: 

3. Incorporation of Pressure--Since pressure occurs explicitly as a 

parameter i n  Equation ( 2 ) 9  the generalized kinetic model provides an 

easy means o f  incorporating pressure as an environmental parameter 

affecting bacterial spore inactivation i n  dry-heat environments This 

approach provides information about both inactivation in a deep-space 

environment and i n  potting compounds. The effect  of pressure depends 

highly upon the value assumed by the activation volume A V ' ~  and only an 

order o f  magnitude estimate of i t s  value is  currently possible. Never- 

theless, estimates made using the model and survivor data when compared 

w i t h  theoretical estimates are i n  agrement to w i t h i n  an order of magni- 

tude. The  numbers are quite large--between about 10 and 109 liter/mole-- 
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suggesting that large molecules are involved i n  dry-heat s ter i l izat ion,  

4. Some Properties o f  DNA: Possible Imp1 ications i n  Inactivation-- 

In this section evidence i s  p u t  forth that spore inactivation i n  moist 

environments i s  due t o  the inactivation of DNA. T h i s  evidence involves 

the use of the model and is  circumstantial i n  nature. Additionally, i t  

i s  shown how D N A , i f  acting as the cr i t ical  substrate t o  be inactivated, 

may account for some non-logarithmic survivor curves. 

Section Three of the document describes the many efforts a t  model 

verification that have been undertaken. Since the kinetic model 

contains a large number of parameters, i t  might  be expected that the model 

will " f i t "  survivor data of a l l  k i n d s .  Indeed this i s  the case and offers 

l i t t l e  i n  the way of model verification. Verification efforts come 

under the three general headings described below. 

1 .  

data for  several spore stocks--each a t  three temperatures--were obtained 

from the l i t e ra ture  and i n  our own laboratory. Data a t  two temperatures 

were used to  determine model parameter values . Then the model was used 

to  predict survival a t  the t h i r d  temperature. 

compared w i t h  the actual survival data a t  that  temperature. Our labora- 

tory stock was then subjected to  a highly variable temperature profile 

between 65OC and 135OC. 

curve, which was then compared w i t h  surv Val data. The model p 

quite accurately i n  a 

Predictions as  a Function of Temperature--Non-logarithmic survival 

T h i s  prediction was then 

Again the model was used to  predict the survivor 
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2. Reasonableness of Model Parameter Values--In the course of the 
survivor prediction experiments above, some values for A H  + and AS * were 

obtained (PAV + being p a r t  o f  AH + ). These values were compared w i t h  

experimentally determined values of the same parameters associated w i t h  

the denaturation of some RNA's, DNA's and enzymes. Model values were 

particularly compatible w i t h  some DNA d a t a  for the f i r s t  order 

reactions and with some RNA d a t a  for the second order reaction. 

3. Water Activity Predictions--Using water act ivi ty  data provided by 

the FDA laboratories i n  Cincinnati, da t a  a t  three temperature levels 

and one fixed baseline water level were used t o  determine model parame- * t e r  values. 

as a function of water activity.  Then the model was used t o  predict 

Survival d a t a  a t  one temperature was used t o  determine AS 

survival rates a t  the remaining two temperatures for water levels 

di fferent from the base1 ine. The predictions were sufficiently 

accurate t o  lend credence t o  the validity of the model. 

The l a s t  section of the document contains a complete mathematical 

derivation of the model and some additional approaches t o  modeling that 

might have applications t o  s te r i lan ts  other than heat. 

number o f  computational aspects of model verification are discussed. 

In addition, a 

39 



H ~ i d i t y  Control Sys 

A. Description. The relative humidity (RH) of the a i r  i n  d 

zation studies i s  known to have considerable effect  on the heat sensi- 

t i v i ty  o f  microorganisms. Because o f  t h i s ,  a method for close 

controlling (and measuring) the RH o f  the a i r  i n  experimen~al 

chambers was considered essential. An additiona reason exists for 

wishing t o  control RH precisely. 

are theoretical reasons for believing that  the D-value depends on 

RH as shown below. 

I t  was observed i n  QR 13 that  there 

D VALUE 
(Arbi trary 

Scale) 

0% 10% 50% 
RH 

hSs i s  consisten perience o f  many i n  

s are highly resis ta  

ators i n  the RN  ran^ 
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ess t h a n  18 percen comes important for two reasons i f  the 

n. First, this  i s  the RH range, a t  

e ,  t h a t  a space 1 experience dur ing  dry-heat 

i l i z a t i o n ~  Secondo i f  the value of o( (see figure) were known i n  

this range--and if  i t  ere attainable practical ly dur ing  spacecraft 

s t e r i l i ~ a t i o n - - i t  would constitute the best choice of an RH value for 

dry-heat s ~ e r i l i z a t i o n  short o f  moving t o  very h i g h  RH values, which 

B.  Progress. o humidity control systems were developed this past 

quarter for the dry heat and thermoradiation steri l ization studies. One 

system precisely mixes dry and moist a i r  t o  achieve the desired RH. 

The other system saturates the a i r  a t  a specific temperature which i o  

ntrolled t o  a precise degree t o  provide the desired RH. Each o f  

these i s  described separately below. 

-Th i s  system is depicted schematically i n  Figure 1 

of two channels of air flow, one for drying the 

a i r  and one for saturation. The a i r  supply normally used is the build- 

imed a i r  system w i t h  a separate regulator t o  main ta in  a 

r n a x ~ m ~  pressure between IO and 15 psi as desired. The air flow through 

ne1 is precisely metered through a tapered needle valve w i t h  

a 1 efm full  flow meter provid ing  a measure of the to t a l  a i r  flow. 

the dry channel flows through a bed of desiccant in a 

container and t h  t o  the mixing chamber. The desiccant drys 

ess than 1 percent RH a t  room temperature. 

i n  the other channel flows through f r i t t ed  glass gas 

dispersion tubes submerged i n  water i a container which i n  turn i s  

4 



IN TEMP OAT 

REGULATED 
COMPRESSED A I R  

SUPPLY 

Figure 1. Humidity Control System A 

part ia l ly  submerged i n  a constant temperature water bath. The water 

b a t h  is maintained a t  a temperature s l ight ly  above room ambient to  

assure a constant saturation temperature. 

a condensor coil of copper t u b i n g  suspended i n  the ambient air and 

into a small container t o  trap any condensed moisture. 

trap the a i r  flows into the mixing chamber. 

The a i r  then flows through 

From the moisture 

The a i r  from each channel i s  manually adjusted t o  provide the 

desired RH level i n  the mixing  chamber as measured by a lithium chloride 

sensor. From the mix ing  chamber the a i r  flows into the temperature 

chamber. 

A small sample of a i r  i s  drawn from the temperature chamber through 

a housing containing another lithium chloride sensor t o  measure the RH 

of the a i r  a t  tha t  point. A l i t h i u m  chloride sensor is  also located 

i n  the desiccant dryer chamber t o  measure the RH of the a i r  coming out 

o f  the dryer. 
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T h i s  system is capable of providing RH control t o  less than - + 1 

percent of the desired value as measured i n  the samp e from the tempera- 

a t  ambient temperature. T h i s  degree of control can be 

maintained i f  a l l  of the conditions affecting RH are maintained a t  

reasonably constant levels. Since this is essentially a manual operation 

this system is used for  relatively short-term experimentation. 

Additionally, this system i s  made up of components of a s ize  which 

are readily transportable and easily assembled and disassembled, making 

i t  ideal for relatively short-term studies a t  the Gamma Irradiation 

Facility located remotely from our laboratory. 

2. 

system is  based on the premise that RH can be controlled i n  a systen: 

by controlling the temperature a t  which the air  is  completely saturated 

as shown by the chart i n  Figure 2. 

Air Saturation a t  Controlled Temperature--The operation of this 

The a i r  supply used i s  normally the building pressurized a i r  

system w i t h  a separate regulator as i n  the previous system. 

can be adjusted as  required to provide 1 to  2 cfm a i r  flow w i t h  a 

metering valve for more precise control and a flow meter for measuring 

the volume of a i r  flow. 

The pressure 

The a i r  flow i s  f i r s t  directed through f r i t t ed  glass gas dispersion 

tubes submerged i n  a container of water which i s  partially submerged 

i n  a constant temperature water bath maintained slightly above room 

ambient (about 26OC) .  T h i s  provides good saturation of the a i r  a t  a 

constant, s e t  temperature. 

The a i r  then flows through a condensor coil of copper t u b i n g  and 

into a container to  t r a p  the condensed moisture. T h i s  condensor system 
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is submerged i n  a large volume (50 g a l l o n )  constant temperature liqus’d 

b a t h  which can be maintained a t  temperatures down t o  O°C and lower 

depending on the l i q u i d  used and controlled t o  - + 0.loC. 

moisture i n  the a i r  is removed i n  the condensor resulting i n  100 

percent saturat ion a t  the s e t  temperature. 

Excess 

From the condensor the a i r  flows through a coil and chamber located 

i n  the warm water bath. A l i t h i u m  chloride sensor i s  located i n  the 

chamber t o  provide an RH measurement a t  the constant temperature. The 

a i r  flow is then directed i n t o  the temperature chamber. 

A sample of  a i r  i s  drawn from the temperature chamber through a 

coil i n  the warm water b a t h  and through a chamber containing a l i thium 

chloride sensor. This provides a RH measurement of the a i r  sample a t  

the same temperature as the RH measurement made o f  the i n p u t  a i r  t o  the 

temperature chamber. 

A schematic o f  this RH control system i s  shown i n  Figure 3 and 

designated System B. T h i s  system is capable of controlling the RH t o  

less t h a n  - + 1 percent of the desired value a t  room temperature. 

system is not influenced by var ia t ions i n  the ambient conditions 

provided the complete air  flow system i s  sealed t o  the ambient a i r .  

The size and b u l k  o f  the constant temperature l i q u i d  chambers makes 

this system less portable. Therefore, i t  i s  used primarily i n  the 

1 aboratory for 1 ong-term, dry-heat experiments. 

The 
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VACUUM 
PUMP > EXHAUST 

Figure 3 .  Humidity Control System B 
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Bioburden Modeling and Experimentation 

A. Descr ipt ion.  I n  at tempt ing t o  ests’mate o r  p r e d i c t  the  bioburden on a 

spacecraf t  sur face a t  any time t, the f i r s t  est imate usua l l y  obtained 

i s  t h a t  o f  the  expected (o r  mean) bioburden H ( t )  a t  t h a t  time. It must 

be remembered, however, t h a t  the  p r o b a b i l i t y  t h a t  the  actual  burden 

exceeds t h i s  est imate o f  H ( t )  can be q u i t e  large. Thus, i n  order t o  

be conf ident  about s t e r i  1 i z a t i  on procedures , one needs more in format ion 

about the  bioburden than j u s t  an estimate o f  the  mean burden. It would 

be des i rab le  t o  have a means o f  answering questions o f  the form: What 

i s  t he  p r o b a b i l i t y  t h a t  t he  actual  burden exceeds twice the  estimate o f  

H ( t ) ,  three times the  estimate o f  H ( t ) ,  - ten times the  estimate o f  H ( t ) ,  

and so for th? The only  hope o f  obta in ing such in format ion i s  t o  have 

e x p l i c t  knowledge o f  the  quant i t ies :  

P j ( t )  = the  p r o b a b i l i t y  t h a t  there  a re  prec ise ly  j 
organisms on the  surface o f  i n t e r e s t  a t  
t ime t, f o r  j = 0, 1 ,  2, .... 

Knowing t h i s  d i s t r i b u t i o n  o f  the  number o f  organisms on the  surface 

al lows one t o  answer questions o f  the  above form. Thus, f o r  example, 

if the p r o b a b i l i t y  i s  s u f f i c i e n t l y  low t h a t  the  actual  burden exceeds 

- ten times the  est imate o f  H ( t ) ,  s t e r i l i z a t i o n  cycles can be s e t  f o r  

t h i s  ten- fo ld  increase o f  the  estimate knowing they w i l l  be i n  e r r o r  

w i t h  on ly  a very small p robab i l i t y .  Add i t iona l l y ,  the  choice o f  a two-, 

three-, or, say, ten- fo ld  multSple o f  an estimated burden depends t o  

sme extent  upon the  number o f  samples taken i n  obta in ing the  estimate. 
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Thus ,  the more samples one takes, the more nearly the estimate o f  the 

expected bioburden coincides w i t h  the theoretical mean bioburden there- 

by reducing the amount o f  subsequent compensation needed in answering 

quests'ons of the above type. 

this "compensating factor" (be i t  2 ,  3 or 10) and numbers of samples. 

This trade-off can be analyzed only when the probabilities P . ( t )  are 

known--lending guidance for the establishment o f  sampling protocol. 

There i s ,  therefore, some trade-off between 

J 

From th is ,  i t  seems reasonable t h a t  bioburden modeling, whether for  

estimation or prediction, should have as i t s  aim the derivation of 

probabi  1 i t i  es P . ( t )  representi ng the surface burden a t  time t. 

Parameters used t o  describe the P . ( t )  should be capable o f  being 

estimated from surface and/or environmental sampling da ta .  

J 

J 

B. Progress. In the two preceding quarterly reports (OR 15,16) we have 

presented a bioburden estimation and prediction model which treats the 

changes in the bioburden on a surface as a stochastic process yielding 

a bioburden probability distribtuion P . ( t )  as discussed above. 

model is summarized by the equations 

This 
J 

P j ( t )  = Prob { j  organisms on surface a t  time t) = 

The parameters i n  these equations are defined as follows: 

Q ( j , k )  = probability t h a t  k particles contain j organisms, 

y = mean number o f  organisms per particle 

and t) 

H ( t )  = mean number of organisms on the surface. 
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parameters y and Q ( j , k )  can be estimated from a 

ganisms per p a r t i c l e .  ~xper imen ta l  and theore t lca  

ay here, a t  Mart in-  a r i e t t a ,  and the  Publ ic  Health 

Service t o  ga in  such i n f o  at ion.  The r a in ing  parameter, H ( t )  i s  

estimated d i r e c  y from surface samples when Equation (1) i s  used as an 

est imat ion mode When Equation (1) i s  used as a p red ic t i on  model 

i s  predic ted uslng past surface data and environmental data. This 

l a t t e r  can be done because H ( t )  i s  re la ted  t o  the  deposi t ion r a t e  o f  

pa r t i c l es ,  X ( t ) s  and the  removal f r a c t i o n  o f  pa r t i c l es ,  ~ ( t ) ,  through 

the d i f f e r e n t i a l  equation 

H ( t )  

H ' ( t )  y * A ( t )  - V ( t ) H ( t )  

which can be solved f o r  H ( t )  as a funct ion o f  y, h ( t )  and p ( t ) .  

Six a c t i  v i  t i e s  have been undertaken dur ing  t h i s  quar ter  re1 a Led 

t o  t h i s  model. These are discussed separately below, 

1. 

are a t  present studying bioburden models as they w i l l  r e l a t e  t o  the  

reject- We have found many a as o f  j o i n t  i n t e r e s t  and expect 

We have discussed the  model w i t h  Mart in-Mariet ta i n  Denver. They 

t o  pursue these i n  the  fu ture.  

document present ing a p r e ~ i m i n a r y  r e p o r t  on the  mode 

at ion.  This document ill emphasize the  compati- 

b i l i t y  o f  the  sampling model and the  p red ic t i on  model, t h e i r  u t i l i z a t i o n  

est imat ing bs'oburdens based on surface samples and 

ples,  and the  d e ~ i v a ~ i o n  o f  conf ident  s t e r i l i z a t i o n  

e i n  ~ s ~ a b ~ ~ s h ~ ~ ~  sampling protocols  a t  cont ract0 

ry ~ ~ a r a n ~ i n e  O f f i c e  l eve l s  w i l l  be the  subject  o f  

. These capab i l i  
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properties of bioburden mode 

1 anetary Quaranti so attempt i n  this 

document t o  emphasize the "clumping" 

i n g  increase i n  the variance o 

of the models and the 

Pj( t ) ' s  of Equation ( I ) ,  o e r ,  say, the assumpt 

distribution. 

t o  reach required confidence levels i n  estimates of mean bioburdens 

t h a n  would be required i n  the Poisson case. 

This document, an interim report, will be published i n  the coming 

Among other t h i n g s ,  this implies a need for more samples 

quarter. 

3. 

determining the deposition rate and removal fraction rate from surface 

sampling da ta .  T h i s  allows us t o  modify our predictions on the basis 

o f  the samples taken from the surfaces. We il lustrated this procedure 

on data gathered by the PHS a t  Cape Kennedy. In these examples we 

assumed a constant environment, t h a t  ' i s ,  a constant removal rate and 

deposition fraction. 

implementation t o  allow the deposition ra tes  x ( t ) ,  and the removal 

fraction, p ( t ) ,  t o  vary as functions of time. This process wil l  allow 

us t o  include i n  the model qualitative as well as quantitative informa- 

t ion about the effects o different environments and act ivi t ies  on bio-  

burdens. 

In the l a s t  quarterly report (C)R 16) we presented a technique for  

During this quarter we have expanded our computer 

Even though this study i s  not  complete l e t  us i l lus t ra te  the type 

of results we are obtaining on the same data we used i n  Q R  16. T h i s  

data, kindly furnished by R. Puleo o f  the Spacecraft Bioassay U n i t  of 

the PHS, i s  shown below. I t  represents the results of sampling six 
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s t a i n l e s s  steel s t r i p s  each week beginning a f t e r  the t h i r d  week o f  

exposure and continuing through the n i n t h  week o f  exposure i n  Hanger A0 

a t  Cape Kennedy. 

WEEKS OF EXPOSURE MEAN NUMBER OF 
ORGANISMS PER STRIP 

16.0 
82.5 
31 - 3  
41.6 
22.7 
34.1 
36.7 

Consider f i rs t  only the three da ta  points  corresponding t o  weeks 

3,  4 ,  and 5. This data  i s  of  p a r t i c u l a r  interest for examining v i r i a b l e  

f a l l o u t  r a t e  and removal f r a c t i o n  because o f  i t s  high peak a t  4 weeks. 

We will again assume t h a t  u ( t ) ,  the removal f r a c t i o n  per  week, is 

cons tan t  but  l e t  us assume this deposit ion r a t e  has the form 

( 3 )  
2 h ( t )  = a. + a l t  i- a2 t  

here we requ i r e  a. 2 0 ,  and a2 2 0. I f  we choose our c o e f f i c i e n t s  p ,  

ao, a19  and a2 t o  minimize the l e a s t  square norm between sample da t a  

and H ( t ) g  a s  ou t l ined  i n  QR 16, we obta in  

= 0.773 

and 
2 x = 4.89 + 1.41t 9 0 . t  

These lead t o  a mean number o f  organisms, H( t ) ,  using Equation ( 2 ) 9  

i l l u s t r a t e d  by the s o l i d  l ine a s  a function o f  time i n  Figure 1 .  

broken l ine represents our mean obtained w i t h  p ( t )  and ~ ( t )  both 

The 
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constant (uniform environment assumption). We see l i t t l e  difference 

between these functions. Let us consider another example. kdith the 

form of x ( t )  given by quation ( 3 )  and p ( t )  i s  s t i l l  assumed t o  be 

constanto l e t  us consider a 1 o f  the da ta  given in the above table. 

Using a l l  of the d a t a  and m nimiming the least  square norm bet 

and the d a t a ,  as  per QR 16, we obtain 

u = .914 
2 x = 8.85 + 0 . t  + 0 . t  

We see i n  this case we actually obtain a constant deposition rate ,  the 

coefficients of t and t being zero. 

type d a t a  we have. 

environment provides a good approximation for this data. 

results substantiate this observation. 

2 T h i s  i s  believed t o  be due t o  the 

We observed i n  QR 16,  the assumption of a uniform 

These 

Figure 2 i l lus t ra tes  t h a t  th is  approach and the assumption of a 

constant environment seem t o  be compatible when the d a t a  warrants such 

an assumption. 

4. 

in i ts  parameters has been started 

the model i s  relatively insensitive t o  reasonable variation i n  i t s  

parameters in ranges where they are expected t o  be, b u t  the work i s  

unf i n i shed e 

Recently efforts t o  determine the model's sensitivit-y t o  variations 

Prel iminary results suggest t h a t  

5. 

distribution o f  the number o f  microorganisms per particle. 

we discussed a Sandia modification of Andersen samplers allowing 

extended sampling periods, This was used i n  parallel w i t h  a Royco 

Further instrumentation has been developed t o  help investigate the 

In QR 16 
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particle counter t o  obtain a knowledge of the number o f  organisms per 

particle. T h i s  device i s  be ing  used by the Spacecraft Bioassay U n i t  of 

the PHS a t  Cape Kennedy. 

An additional electrical device has been designed and fabricated 

this quarter t o  shut down the above system when the total particle count, 

as determined by the Royco counter, reaches a predetermined level 

I n  this way, the d a t a  will a l l  relate t o  a fixed number of  particles, 

and i t  will hopefully be easier t o  t e s t  certain hypotheses against i t .  

For example, i t  has been suggested i n  the l i terature  t h a t  the distribu- 

tion of particles i n  droplets (conceivably an analagous process) i s  

approximately Poi sson. 

particle i s  approximately Poisson, then so also i s  the number of 

organisms for N organism-bearing particles (assuming the number on one 

particle does not affect  t h a t  on another). Many tes ts  of  M particles 

( w i t h  M sufficiently large t o  get reasonable organism counts) can then 

be used t o  t e s t  whether the distribution of organisms per N organism- 

bearing particles i s  approximately Poisson; assuming, as seems 

reasonable, that N remains approximately the same when M, over which we 

have some control, is bo th  large and fixed. 

assumption of a Poisson distribution for the number of organisms per 

particle i s  likely not  correct. 

If the number of organisms per organism-bearing 

If  i t  i s  not, then the 

I f  the converse i s  true, the Poisson 

ribution for the number of organisms per particle may no t  be the 

correct one, b u t  the class o f  possible distributions is considerably 

In addition t o  t h i s ,  a chemical whs’ch retar s evaporation o f  

ater from Andersen plates was discussed in a recent meeting w i t h  K. 

ay of the Microbiological Research Establishment, 
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England. Using this chemical oxyethylene docosanol even i n  low 

relative humidities, the useful time of sampling may be extended t o  

over 12 hours. 

the use o f  this chemical may be a way to  avoid the dieoff of vegetative 

ce l l s  experienced w i t h  the sampling system a t  Cape Kennedy. 

Since i t  appears to have no effect  i t s e l f  upon organisms, 

6. 

msdel--both for estimation and prediction--have been begun. To 

investigate the model's validity, i t  is necessary to  be able to  deter- 

mine independently i n  controlled experiments .) the following items: 

Efforts t o  experimentally investigate the validity of the bioburden 

-- x ( t ) ,  the particle deposition rate as a function of time 

-- p ( t ) ,  the particle removal fraction as a function o f  time 

-- the surface burden as a function of time, and 

-- the distribution of the number of organisms per particle. 

A 1 ami nar flow faci 1 i ty for simulating spacecraft assembly environments 

has been designed and reported on previously (QR 12). Also a means of 

tagging particles w i t h  organisms i n  a controlled manner has been devised 

and reported previously. 

device was developed ( Q R  10). 

maintaining a constant tagged particle deposition rate over a 6 f t  

area (+ 10 percent from a mean value) for several days. The feasibi l i ty  

of determining an approximate distribution of the number of organisms 

per particle had been demonstrated. Clearly the bioburden on experi- 

mental surfaces i n  this fac i l i ty  can be determined. 

Finally an acoustic particle dissemination 

This combined system is capable of 
2 

The major s tumbl ing  block to  model verification experimentation 

has been i n  the measurement o f  the removal fraction as a function of 

time. For model verification, any predictable or measurable particle 
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suffice. T h i s  being the case, we have been at temp ti^^ t o  

f i n d  some means or removing Particles from surfaces i n  a  eas sur ab le 

fashion. 

experiment be controlled, the percentage of particles removed from the 

surface by the a i r  flow i n  the laminar flow fac i l i ty  must be reasonably 

constant. 

removal i tsel f e 

Regardless o f  the method of removal, i n  order that the 

If measurable, the a i r  flow may be used as the means o f  

T h i s  quarter, the constancy of the removal of particles from 

surfaces by a i r  flow i n  a laminar flow fac i l i ty  was investigated. 

was found t h a t ,  under even extreme circumstances, 1 0 ~  glass spheres 

(our experimental particles) could not be removed from small glass 

surfaces. 

square glass cover slips, aside from a few particles t h a t  came of f  

i n i t i a l ly ,  no particles were removed by 80 f t / m i n  a i r  flow i n  periods 

of up t o  five days. 

t h a t  very few particles were removed using a i r  flow velocities up t o  

1000 f t / m i n .  

by f i r s t  covering the glass cover s l ips  w i t h  a monolayer o f  fine 

(less t h a n  0.5~) particles, and then loading the sl ide w i t h  glass 

spheres, this was tr ied.  

reducing the particle-to-surface adhesion forces of  a l l  the fine particles 

used. 

f i l l ed  with Arizona road d u s t  for 30 minutes. The cover s l ips  

then removed, and using a Pasteur pipette connected w i t h  a i r  under 30 

I t  

Specifically, i t  was found that using factory-cleaned 22 m 

During short term tests, i t  was visually observed 

Since particle-to-sur ace adhesion forces can be reduced 

Arizona road dust proved most effective i n  

The cover s l ips  were prepared by rolling them i n  a container 

re the cover s l ips  were dusted free o f  excess particles. 

Microscopic observation showed t h a t  almost a l l  o f  the remaining dust 

particles were less than 0.5~ i n  diameter. These cover s l ips  were 
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then loaded w i t h  l 0 ~  g lass  spheres and placed i n  an 80 f t / m i n  a i r  

veloci ty .  After a small i n i t i a l  change i n  p a r t i c l e  loading, probably 

due t o  a few loose p a r t i c l e s ,  no change i n  the number of p a r t i c l e s  was 

observed a f t e r  a two-day period. In other words, paPt ic le  removal 

due t o  a i r  flow appeared negl igible .  A t  1000 f t / m i n  a i r  v e l o c i t i e s ,  by 

comparison, many of the lop g lass  p a r t i c l e s  were removed from the d u s t  

coated p la tes .  

removal i s  found, t he  laminar a i r  flow i n  the experimental f a c i l i t y  

wi l l  not interfere w i t h  i t s  p red ic t ab i l i t y .  

T h u s  i t  seems c e r t a i n  t h a t  whatever means o f  control led 
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Computerized Identification System 

A. Description. The objective of this activity has been the development 

of a computeri zed vers i o of the PHS microbiological identification 

system now being used a t  Cape Kennedy. 

identifications now being made, such a program may be incorporated i n  

the Lunar Information System to  relieve the PHS of the actual identifi-  

cation of the colonies sampled dur ing  the outbound contamination 

inventory of the Apollo spacecraft. 

I f  i t  agrees substantially w i t h  

B. Progress. The feasibi l i ty  of modeling the identification process so 

that a computer could be used was demonstrated i n  QR 1 5  w i t h  data from 

Apollo 11. 

percent of the colonies sampled on Apollo 11. 

to  t e s t  feasibi l i ty  of this concept used the output from QUALSUM which, 

i t s e l f ,  requires identified colonies as i n p u t .  And, moreover, the pro- 

gram was written so as to continue the specific identification procedures 

then i n  use. 

program to  keep up w i t h  improvements i n  the identification procedures. 

For incorporation i n  the Lunar Information System a program was needed 

that could use only the actual data, as recorded by the PHS, and that  

Agreement w i t h  the PHS identification was obtained w i t h  83.7 

Unfortunately the program 

As a resul t ,  i t  w s extremely d i f f icu l t  t o  modify the 

could be readily adapted t o  changes and improvements i n  the identifi- 

cation procedures. 

decision process and have as  i n p u t  the particular t e s t  l i s t s ,  their 

interpretation, and the microbial classifications t h a t  were desired. 

Such a program has been written and checked w i t h  the Apollo 1 2  data, 

Ideally such a program would simulate only the 



using the identification procedures and classifications used by the PHS 

a t  t h a t  time. The PHS procedures were modified beginning w i t h  Apollo 13 

and these new schemes have also been r u n .  

Ideally, an identification system consists of a se t  of tes ts  whose 

outcomes define certain organism classifications. 

more complicated due t o  the variability of t e s t  results for a given 

organism and also in p a r t  because of the desire t o  minimize the number 

of tes ts  t h a t  must be done. The PHS identification system uses the 

results of five tes ts  t o  determine further tes t s  necessary t o  obtain the 

classification t h a t  they desire. 

a general grouping of organisms and a scheme specifies the further 

tes ts  needed t o  identify the colony depending upon the outcome of the 

f irst  five. 

mately, a series of t e s t  results are l isted as pertaining t o  a sampled 

colony and from these must be deduced the correct organism classifica- 

t ion.  

i n  the individual schemes can be represented as matrices, which relate 

the tests and decision results t o  organisms classifications. This i s  

i 11 ustrated below. 

Practically i t  is 

T h u s  the f i r s t  five tes ts  determine 

Looking a t  the procedure from another point of view, u l t i -  

The decisions indicated by the f i r s t  five tes ts  as well as those 

To simulate this identification process in as general a manner as 

possible,the decision matrices were read in as i n p u t  t o  the program. 

T h u s  changes can easily be made in definitions of schemes, definitions 

of classification categories w i t h i n  schemes 

their  results as well as the number of schemes, classification categories, 

or  t es t s ,  To further simplify the simulation (and t o  allow the possi- 

b i l i t y  of weig ting t e s t  results in a convenient manner) the entries i n  

the i n p u t  matrices were one of "4.1 (positive) -1 (negative) or  99 

identification tes ts  and 

59 



(weak, var iab le,  o r  inconclusive).  These en t  i e s  correspond i n  a general 

way t o  the  usual ~ n t e r p r e ~ a t i o n  g iven mic rob io log ica l  t es ts  a Unfor- 

tunate ly  some tes ts  used by HS have as many as nine poss ib le  outcomes 

as l i s t e d  on the  data sheet. Hence, i t  was necessary t o  w r i t e  a t rans-  

format ion f o r  each t e s t  so t h a t  i t s  r e s u l t s  would agree i t h  one o f  the  

mat r ix  en t r i es  above. 

m ic rob io log i s t  as usual. 

transformations can e a s i l y  be modi f ied as desired. 

Thus the  t e s t  r e s u l t s  can be i n te rp re ted  by a 

Being t rea ted  as i npu t  t o  the program these 

I n  add i t i on  t o  f l e x i b i l i t y ,  the t ransformat ion-matr ix approach 

s i m p l i f i e s  the computer program s ince much o f  the  procedure i s  ca r r i ed  

i m p l i c i t l y  w i t h  the  matr ices and transformations. The f i r s t  mat r i x  

re la tes  the  f i v e  tes ts  requi red t o  proceed t o  the  co r rec t  grouping o f  

organisms t o  the  poss ib le  groups o f  organisms. Hence, t h i s  f i r s t  mat r i x  

a lso contains the  in format ion about which tes ts  t o  se lec t  from the data 

i n  order t o  determine the  group t o  which an unknown belongs. 

an unknown,the appropr ia te t ransformat ion i s  appl ied t o  t h i s  data t o  

y i e l d  91, -1, o r  99, and the  r e s u l t  compared w i t h  the  mat r ix  t o  determine 

which organism grouping w i l l  be appropr iate.  Once the organism group for  

an unknown has been determined, the  mat r ix  f o r  t h a t  grouping i s  

selected. 

t h a t  grouping. 

i s  made w i t h  the  ma t r i x  t o  determine the  organism c l a s s i f i c a t i o n .  

Thus the program simply accepts a data card and, s t a r t i n g  w i t h  the  

f i r s t  mat r i x ,  i t e r a t e s  through matr ices and transformations u n t i l  an 

i dent i  f i c a t i  on i s obta i  ned e 

Given 

This ma t r i x  again determines the re levant  t e s t  data f o r  

A t ransformat ion i s  appl ied t o  t h i s  data and a comparison 
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This will be described by sing the scheme associated with the 

organism group most frequently encountered on Apollo spacecraft namely 

the Baird-Parker scheme for classifying the two genera Staphylococcus 

and Micrococcus. As formulated by Baird-Parker the scheme is as follows. 

TABLE 1. Diagnostic scheme for classifying staphylococci and micrococci 

Group I Group I1 
Staphylococcus Rosenbach Minococcur Cohn 

Subgroup: I ' I1 111 IV V VI 1 2 3 4 6 6 7 8 + 
( I )  aerobic + + t + + + ' + + + + + + f f  
(2) anaerobic + + + + + + - - - - - - - _  

+ - - - - - - - - - - - - - Coagulase 
Phosphatase + + + - - -  - - - - -  + - -  
Acetoin 4. + - + + + + + + + - - - -  
Acid from: 

+ v + - -  ( I )  arabinose 
(2) lactose + + * v  - + v - + v + + + - -  
(3) maltose + + -  v + v v + + + + + - f  
(4) mannitol + - - - -  + - -  + + + + - -  

f = weak or negative. v = variable. 

- - - - - - - - - - - - -  Pink pigment 
Acid from glucose: I 1 

- - - - - - - - -  

Replacing the microorganism classifications by the number assigned 

by the PHS, the required tes ts  by the number indicating their  position 

on the PHS data  card and the entries by +1, -1, or 99 as appropriate, 

the scheme (PHS Scheme A)  i s  as follows. 

TABLE 2 

IDENTIFICATION MATRIX 2 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 l C  
14 -1 -1 -1 -1 -1 -1 -1  -1 -1 -1 -1 -1 -1 1 
37 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1  -1 
42 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
43 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 
53 1 1 - 1  1 1  1 1  1 1  1 - 1 - 1 - 1 - 1  

38 1 1 99 -1 1 99 -1 1 . 9 9  1 1 1 -1 -1 
39 1 1 - 1 9 9  1 9 9 9 9  1 1  1 1  1 - 1 9 9  
40 1 -1 - I  -1 -1 I -1 -1 i 1 1 1 -1 -1 

26 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 99 1 -1 -1 

This i s  the computerized version o f  the above table. Next the tes t  

s recorded by the PHS must be interpreted as positive, negative 

or i n d e t e ~ i ~ a t e ~  T h i s  is done by transforming the entries i n  the 



designated da ta  card columns by the rules needed t o  make t h e m  compatible 

with the above identification matrix for PHS Scheme A. These rules 

are shown i n  Table 3. 

TABLE 3 

TEST NO. 

14  

37 
42 
43 
53 
36 
38 
39 
40 

FROM PHS ENTRY TO COMPUTER USAGE 
99 - -1 - +l 

The entries in Table 3 are tes t  results as coded on the d a t a  card 

by the PHS. These are converted t o  +1, -1,  or 99 as indicated. Assuming 

t h a t  the computer has read a da ta  card and determined (by Identification 

Matrix 1 )  t h a t  the colony belongs t o  Scheme A--microorganisms 1 through 

14 i n  the PHS nomenclature. I t  then reads matrix 2 (Table 2)  and sees 

t h a t  i t  i s  concerned w i t h  the tes ts  l isted on the l e f t  hand side,  

namelyJ tes ts  14,  37, . . . ,40. I t  then reads those columns o 

card and forms a +1 -1 or 99 according t o  the rules I isted in Table 3. 

t i s  a vector which can be compared w i t h  the columns i n  the 

I d e n ~ i ~ i ~ a t i o n  matrix (Table 2) .  I f  the vec ormed Prom the tes ts  

agrees with a column,the organism number o f  t h a t  column i s  selected as 

the identification of the colony whose da ta  card i s  bet’ng considered. 
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Because o f  the  varying t e s t  r e l i a b i l i t y  an exact agreement w i t h  a column 

i s  not  always obtained. The "best poss ib le"  match (o r  i d e n t i f i c a t i o n )  

i s  then used i n  keeping w i t h  cur ren t  PHS prac t ice .  This p rac t i ce  uses 

the  best  of (1 ) an exact match 

ments (i .e. s not  an exact match, a s ing le  t e s t  disagreement w i t h  one, 

two, o r  th ree  organisms--all o ther  c l a s s i f i c a t i o n s  having two o r  more 

disagreements), o r  (3) the case where a match i s  obtained except t h a t  

two t e s t  r e s u l t s  a re  permit ted t o  disagree w i t h  those i n  a s ing le  column, 

a l l  o ther  comparisons being worse. This leads t o  the p o s s i b i l i t y  o f  

more than one " i d e n t i f i c a t i o n l i  being made, e.g., where the  best  vector  

d i f f e r s  from 2 o r  3 organism columns i n  the mat r ix  each by a s i n g l e  t e s t  

ent ry .  A t  present when these m u l t i p l e  poss ib le  i d e n t i t i e s  a re  obtained, 

a l l  poss ib le  i d e n t i f i c a t i o n s  o f  a colony are pr in ted.  

(2 )  m e ,  two, o r  three s i n g l e  disagree- 

Some processed Apol lo 13 data i s  reproduced i n  Figure 1. The 

data pe r ta in ing  t o  each colony i n  general consists of th ree  l i n e s .  The 

f i r s t  l i n e  consis ts  o f  the vector r e s u l t i n g  from the f i v e  t e s t s  used 

t o  determine which group o f  organisms i s  t o  be used, the  next l i n e  

contains the  vector r e s u l t i n g  from the tes ts  pe r t i nen t  t o  t h a t  grouping, 

and f i n a l l y  the  t h i r d  l i n e  i s  composed o f  (i) the sample number and (ii) , 

le  o f  the  page,its i d e n t i f i c a t i o n  (o r  m u l t i p l e  i d e n t i f i c a t i o n s )  

and (iii) a t  the  f a r  r i g h t ,  the i d e n t i f i c a t i o n  made by the  PHS (p r i n ted  

f o r  comparison purposes here) e 

An inspec t ion  o f  Figure 1 reveals t h a t  there  were two colonies 

where the computer i d e n t i f i c a t i o n  d i d  no t  i n c  ude t h a t  o f  the  PHS, namely, 

sample numbers DO022 and D0026. O f  the  674 colonies sampled on Apol lo 13 

t h i s  occurred 92 times o r  13.6 percent o f  the  time. This was considered 

a disagreemen between the computerized scheme and the  
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10 DdTE SN ORGANISM 

VECTOR 1 1 1 -1 
VECTOR -1 1 -1 1 
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00002 032770 1 
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As a comparison this occurred w i t h  the previous feas ib i l i ty  program 

13.14 percent of the time on Apollo 11. 

O f  the 92 disagreements of the above form occurring on Apollo 13 

data,  60 involved the organism classification category number 13 and 

of these 60, 28 were a confusion between organism categories 3 and 13. 

These l a t t e r  a l l  occurred when an identification had been made on the 

basis of a single disagreement. 

this probably i s  due to  a weakness or misinterpretation of t e s t  number 

37, the Baird-Parker glucose (Table 1) .  

corrected to  improve the agreement w i t h  the PHS. 

Analysis of Table 2 indicates that  

I t  is  hoped that  this can be 

The program can be written into QUAL so that the identification 

will be made i n  that  program prior to  running QUALSUM i n  the Lunar 

Information System. 

fications tha t  the PHS chooses has yet t o  be added. 

ments can be made simply by modifying the identification system i n p u t  

cards i n  an attempt to  improve the performance--such as eliminating the 

above confusion between organisms 3 and 13. 

A procedure to  choose the one of multiple identi- 

Continuous refine- 

T h u s ,  this quarter, a very versat i le ,  and simple, computerized 

version of the PHS identification scheme has been designed and programmed. 

I t  performs as well as the original program demonstrating feas ib i l i ty  

of this approach, and i t  can be readily implemented. 
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Federal Standard 209a 

A. Description. The Sandia Area Office, AEC, requested that Sandia 

Laboratories again review Federal Standard 209a, "Clean Room and Work 

Station Requirements, Controlled Environment , I '  t o  determine whether a 

revision should be considered. 

B. Progress. The need for a revision as well as the advisability of 

calling a meeting o f  government agency representatives to  consider a 

revision were discussed. I t  was the concensus of the Planetary Quaran- 

tine Department that  the technical content of the standard is  sound and 

that  a revision i s  not warranted a t  this time. Sandia Laboratories 

will continue to  monitor the application of the standard and will be 

available for consultation should the need for a revision become 

evident. A let ter t o  this effect  was forwarded t o  the Sandia Area 

Office on June 16, 1970. The content of the l e t t e r  will be furnished 

the General Services Administration through AEC Headquarters. 
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Pub1 i c a t i  ons 

1. D. M. Garst and K. F. L inde l l ,  "Development o f  Two Closely Controlled 
Humidity Systems SC-RR-70-409, June, 1970. 

2. W. J. Whitfield, "E lec t ros t a t i c  Deposition Device t o  Deposit Monolayers 
o f  Bacterial  Spores on Test Surfaces," SC-R-70-4259, April, 1970. 

3. J. P. Brannen, "On the Role of DNA i n  the S t e r i l i z a t i o n  of Microorganisms," 
J. Theo. Biol. - 27:425 (1970). 

4. V.  L. Dugan, ''A Mathematical Model f o r  the Thermoradiation Inac t iva t ion  
of Dry Baci l lus  s u b t i l i s  var. n iger  Spores , ' I  SC-RR-70-203, April, 1970. 

5. M. E. Morris and W. J .  Whitfield,  "Vacuum Probe Sampler," Contamination 
Control 27(2),  1970. 

6. Contamination Control Handbook. Additional pr in t ings  o f  this volume a r e  
s t i l l  being r u n .  The f irst  two p r in t ings  were made a t  MSFC, w i t h  a 
t o t a l  of 1393 copies having been d i s t r i b u t e d  from t h a t  source. Subse- 
quent d i s t r i b u t i o n ,  including three more p r in t ings ,  by the Clearinghouse 
f o r  Federal S c i e n t i f i c  and Technical Information (CFSTI) as o f  June 1 ,  
1970, amounted t o  nearly 1100. Since these f igu res  do not include 
copies d i s t r i b u t e d  by CFSTI a f t e r  June 1 o r  copies d i s t r i b u t e d  d i r e c t  
from OTU, NASA Headquarters, i t  is evident t h a t  well over 2500 copies 
a r e  now i n  use. Further, i t  is  known t h a t  the handbook is being used 
i n  Japan and Europe as  well as  throughout the United S ta t e s .  

Presentations and Brief i ngs 

1. Six presentations were made a t  the Spacecraft  S t e r  
Seminar held i n  Atlanta,  Georgia, April 15-16. 

H. D. S iv insk i :  "Bioburden Model i ng" 
"Themorad i a  t i  on" 

I i za t ion  Technc 

"Fine P a r t i c l e  Physics I' 

"Mechanisms o f  Spore Inac t iva t ion"  R. E. T ru j i l l o : :  

V. L .  Dugan: "Mathematical Modeling o f  Thermoradiation 

"Dry-Heat S t e r i l i z a t i o n  Modeling" 
Synergism" 
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2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

3 0. 

91 e 

W. J. Whitfield,  "Clean Room Technology," Special Training Session, held 
i n  conjunction w i t h  the National AACC Meeting, Anaheim, Cal i forn ia ,  
April 19. 

W. J ,  Whitfield,  "Electrostatic Deposition Device t o  Deposit Monolayers 
of Bacter ia l  Spores on Test Surface," National AACC Meeting, Anaheim, 
Cal i forn ia ,  Apri l  22. 

A b r i e f ing  on thermoradiation was given Drs. Botariu and Miller of the 
Division of Isotopes Development, AEC,  by H .  D. Sivinski and M. C. 
Reynolds , i n  Germantown , Mary1 and , Apri 1 28. 

A general presentat ion on thermoradiation was given t o  representat ives  
from NASA headquarters,  NASA centers  and major contractors  f o r  the 
Viking program a t  NASA Headquarters, Washington, D. C. Sandia personnel 
involved were H. D. S iv insk i ,  M. C. Reynolds, J. A. Hood (Manager, 
Radiation Effects and Semiconductor Devices Department) and R. M. 
Jefferson (Supervisor,  Reactor Source Applications Division) e 
A p r i l  29. 

Given 

H. D. S iv insk i ,  "The Importance of  Planetary Quarantine," Science 
Classes,  Highland High School, Albuquerque, New Mexico, May 5. 

H. D. S iv insk i ,  "Planetary Quarantine: I t s  Nature and Signif icance,"  
Sigma X i  , New Mexico Institute of Mining and Technology, Socorro, New 
Mexico, May 27. 

A general presentat ion on the nature  of thermoradiation was given t o  
representat ives  from various organizations i n  the FDA, o ther  HEW 
branches, the U. S. Army, and NASA. Sandia par t ic ipants  i n  the 
presentat ion were H. D. S iv insk i ,  M. C. Reynolds, V .  L .  Dugan and 
R. E.  T ru j i l l o .  The presentat ion was made a t  FDA Headquarters, 
Washington, D. C. June 2. 

A b r i e f ing  on thermoradiation progress was g iven  Dr. Rotariu of  the 
Division of Isotopes Development and Drs. Schulman and Stapleton o f  
the Division of Biology and Medicine, AEC, by H .  D. S iv insk i ,  V. L .  
Dugan, M. C. Reynolds and R. E .  T r u j i l l o ,  Germantown, Maryland, June 2. 

W.  J. Whi t f i e l d ,  Keynote Address "Contamination Contlrol --A State-of- 
the-Art Review ,'I First Annual European Contarnination Control Symposi urn 
S t u t t g a r t  , Germany, June 15-1 7.  

H.  D e  S iv insk i ,  "Planetary Quarantine Research," Kirtland AFS Research 
Association Meeting, June 23. 
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Committee A c t i v i t i e s  

3. P. Brannen, Biomathematics Program Committee, Society f o r  I n d u s t r i a l  
and Applied Mathematics National Meeting Denver, Colorado, June. 

W. 3. Wh i t i f e ld ,  Chairman, National P a r t i c l e  Monitor ing Committee, AACC, 
Nat ional  Meeting, Anaheim, Ca l i f o rn ia ,  A p r i l  20. 

D. M. Garst, Chairman, Nat ional  Technical In format ion Committee, AACC, 
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