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ABSTRACT 

A c c u r ~ t e l y  con t ro l  l ed  humidity systems were needed t o  study the e f f e c t  

o f  cont ro l  needed. This r e p o r t  describes the components and opera- 

o f  r e l a ~ ~ v e  h 
~ ~ c r o o r g a ~ i  sm 

design. 

the d r y  heat and thermoradiat ion i n a c t i v a t i o n  o f  
f f e r e n t  systems were developed which provided the 

the systemsp as we73 as some o f  the factors  considered i n  t h e i r  
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THE DEVELOPMENT OF TWO 

CLOSELY CONTROLLED HUMID I TY SYSTEMS 

I ntroduct i on 

The r e l a t i v e  humidi ty (RH) o f  the a i r  used i n  d ry  heat s t e r i l i z a t i o n  
studies i s  known t o  have sane e f f e c t  on the heat s e n s i t i v i t y  o f  micro- 
organisms. I n  order t o  establ ish d e f i n i t i v e  re la t ionships between r e l a t i v e  
humidity and microbia l  i nac t i va t i on ,  i t  i s  f i r s t  necessary t o  devise a method 
f o r  c lose ly  c o n t r o l l i n g  the RH o f  the a i r  i n  the temperature chambers where 
the experiments are conducted. 

Our t y p i c a l  laboratory RH i s  about 25 t o  35 percent. Any v a r i a t i o n  i n  
normal condi t ions such as mopping the f l o o r  o r  opening doors t o  the outside 
atmosphere w i l l  a f f e c t  the ambient RH temporari ly. Laboratory temperature, 
whi le thermostat ica l ly  cont ro l led,  w i l l  a lso vary a few degrees F which i n  
t u r n  a f fec ts  the RH. 

The ef fect  on the l e t h a l i t y  o f  d ry  heat t o  organisms when roan ambient 
condi t ions are var ied has been demonstrated. The standard NASA t e s t  organ- 
ism, Bac i l l us  s u b t i l i s  var. n ige r  was used i n  these experiments. When the 
RH was var ied from 20 t o  60 percent, t he  105OC d r y  heat D value changed 
from 2.3 hours t o  5.3 hours. 

* 
1 

c 

This repo r t  describes two humidity contro l  systems t h a t  were developed 
fo r  d ry  heat and thermoradiat ion s t e r i l i z a t i o n  studies a t  Sandia Labora- 
to r i es .  The f i r s t  system, designated System A, provides f o r  mixing d ry  and 

* 
A "D value" i s  the time required f o r  a given microbia l  populat ion t o  

be reduced by 90 percent o r  one l o g  a t  a given temperature. 

o f  Spacecraft-A Prel iminary Reports" SC-RR-69-857, 1969 
C. Reynolds, "The F e a s i b i l i t y  o f  Thermoradiation f o r  S t e r i l i z a t i o n  
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moist  a i r  t o  achieve t h  desired r @ l a t i v ~  h i d i t y .  It i s  
por tab le system located a t  t he  Gamma I r r a d i a t i o n  ~ a c i l i t y  w h i ~ h  Ss i n  an 
area remote from our microbio log ica l  laborator ies.  The other  system, 
designated System 8, u t i l i z e s  the  p r i n c i p l e  t h a t  a given RH a t  a given 
temperature can be a t ta ined by sa tura t ing  the  a i r  a t  a spec i f i c  temperature. 
This system i s  s ta t ionary  and i s  located i n  our laboratory  areaL. 
s p e c i f i c a l l y  designed f o r  long-term studies. 

It was 

System A 

Equipment and Operation 
The purpose o f  System A i s  t o  provide moisture cont ro l  f o r  spore inac- 

t i v a t i o n  studies using thermoradiation as the i n a c t i v a t i n g  agent. This 
system normally operates f o r  periods ranging from 6 t o  48 hours and i s  
usual ly  attended dur ing operation. Occasional minor adjustments are 
necessary t o  maintain c lose humidity contro l .  A schematic o f  t h i s  system 
i s  shown i n  Figure 1 e 

CON DE N SOR 
IN TEMPBAT -- 

RE A GU LATE D 

COMPRESSED A I R 
SUPPLY 

Figure 1. Relat ive Humidi t y  Control System A 



Room a i r  i s  d r i e d  i n  one l e g  o f  the system t o  less than 1 percent RH 
by passing i t  through a desiccant bed. 
a i r  i s  saturated a t  a temperature s l i g h t l y  above room ambient and then 
cooled t o  roan temperature, w i t h  excess moisture being condensed i n t o  a 
trap. The two f lows are then mixed t o  provide a continuous a i r f l ow  o f  1 
cfm w i t h  con t ro l l ed  r e l a t i v e  humidity. 
ously measured and recorded a t  three d i f f e r e n t  po ints  i n  the system. 
component o f  the system, along w i t h  i t s  funct ion and operation, i s  explained 
bel ow. 

I n  the second l e g  o f  the system, 

The r e l a t i v e  humidity i s  contfnu- 
Each 

A i r  Supply-The a i r  supply f o r  t he  system was o r i g i n a l l y  furnished by 
a small por tab le compressor bu t  i s  now taken from the b u i l d i n g  a i r  supply 
because t h i s  i s  a more r e l i a b l e  source f o r  long-term experiments. The a i r  
pressure i s  maintained a t  10 t o  15 p s i  by a regulator ;  the a i r f l o w  i s  
prec ise ly  metered through a tapered needle valve, and measured w i t h  1 cfin 
f u l l  f low meters on each l e g  o f  the system. 

Desiccator--A closed container w i t h  about 15 pounds o f  desiccant sus- 
pended i n  the center sect ion provides a i r  f o r  the d ry  l e g  o f  the system. 
A i r  enters the container from the bottom, passes up through the desiccant 
bed, and o u t  through the top t o  the mixing chamber. 

Saturator-The sa tu ra t i ng  apparatus consists o f  a l - g a l l o n  p l a s t i c  
b o t t l e  i n e r s e d  i n  a constant temperature water bath. A i r  enters the 
b o t t l e  through a f r i t t e d  glass gas dispersion tube, i s  dispersed through 
water i n  the b o t t l e  thereby increasing i t s  moisture content, and passes ou t  
o f  the b o t t l e  i n t o  a condensor. 

%ondensor and Trap--The condensor consists o f  about 15 f e e t  o f  1/4-inch 
copper tubing formed i n  a c o i l  and suspended i n  the ambient a i r  w i t h  the 
lower end connected i n t o  the top o f  a 1/2-gal lon p l a s t i c  b o t t l e .  This permits 
any condensed moisture t o  g r a v i t y  f l o w  i n t o  the b o t t l e  w i t h  the a i r  passing 
out  of another connection i n  the top o f  the b o t t l e  t o  the mixing chamber. 

Ms’xing Chamber-This i s  an a i r - t i g h t  container i n t o  which a i r  i s  admit- 
ted from both the d r y  and moist  legs o f  the system, i s  mixed, and passes on 
t o  the temperature chamber. 
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Temperature Chamber--Although i t  i s  not  a p a r t  o the humidity contro l  
system, the temperature chamber i s  an i n t e g r a l  p a r t  o the apparatus for  th  
thermoradiat ion studies. It i s  located i n s i d e  the gamma i r r a d i a t i o n  c e l l  
wh i l e  the c o n t r o l l e r  and recorder are outside the c e l l .  The ob jec t i ve  o f  
t h i s  e n t i r e  humidi ty cont ro l  system i s  o f  course t o  provide a c lose ly  RH- 
con t ro l l ed  a i r  supply t o  the temperature chamber. 

A i r  Pump--This small pump provides the suct ion t o  draw an a i r  sample 
of about 0.1 cfm from the temperature chamber through a sensor housing. 
The a i r  i s  then exhausted i n t o  the ambient from the pump- 

Humidity and Temperature Sensors--The temperature and RH o f  t he  a i r  i s  
continuously monitored a t  the fo l l ow ing  points :  (1) i n  the desiccator, ( 2 )  
i n  the mixing chamber, and (3) i n  the sensor housing containing the sample 
a i r  drawn from the temperature chamber. The l i t h i u m  ch lo r i de  sensors are 
the narrow range type covering a range o f  about 10 t o  15 percent RH and 10°F. 
Sensors are cable connected t o  mu1 ti p o i n t  recorders. 

Recorders--The temperature and RH o f  the a i r  a t  the three locat ions 
mentioned above are recorded on a Honeywell mu l t i po in t ,  s t r i p  cha r t  record- 
er.  The sensors and recorder were ca l i b ra ted  as a system i n  the Sandia 
Primary Standards Laboratory. A s ing le-point ,  Honeywell s t r i p  cha r t  
recorder i s  used t o  continuously record temperature i n  the temperature 
chamber w i  t h  a thermocouple. 

Connecting Tubing--Tygon tubing i s  used f o r  the connection be 
a i r  supply and the mixing chamber. 
chamber t o  the temperature chamber t o  minimize hygroscopic act ion i n  the 
tube wal.ls. 

Copper tubing i s  used from the mixing 

Results 

measured i n  the a i r  sample drawn from the temperature chamber. This degree 
o f  cont ro l  i s  considered adequate f o r  the the o rad ia t i on  s t  

chamber w i l l  vary from t h a t  o f  the i n p u t  a i r  (measured i n  the mixing 
chamber) t o  the temperature chamber. 
RH measurements a t  both po ints  are: 

The system provides RH contro l  o f  - +1 percent o f  the desired value as 

We found t h a t  the RH o f  the a i  sample drawn from the temperature 

Factors which s i g n i f i c a n t l y  a f f e c t  
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bient a i r  temperature changes 
2. 
3. 
4. 

5. 

Variations i n  air pressure a t  different points i n  the system 
Leakage o f  ambient a i r  in to  the system 
Hygroscopic action of the materials which the a i r  contacts w i t h i n  
the system 
Degree of dryness of the desiccant 

When these factors are controlled t o  reasonably constant levelse the two RH 
values are constant and there i s  a minimum of variance between the values a t  
the two measuring points.  Under these conditions, the RH value of the i n -  
p u t  a i r  can be controlled t o  less t h a n  - M.5 percent o f  the desired value. 
T h i s  degree o f  control was achieved in the range of 10 t o  60 percent RH a t  
room temperature. The difference i n  RH value of the a i r  sample drawn from 
the temperature chamber is attributed principally t o  a slight difference i n  
a i r  pressure and leakage o f  ambient a i r  i n t o  the oven. 

System B 

Equipment and Operation 

w i t h  controlled and stable RH over periods of time ranging from 24 hours t o  
30 days. 
adjustments and only a m i n i m u m  amount of monitoring t o  assure continuous 
and reliable operation. 

in a closed system by controlling the temperature a t  which the a i r  is 
colppletely saturated. 
an RH of 28 percent a t  22OC and 0.6 percent a t  105OC. 

The purpose o f  this system is t o  provide a continuous source of a i r  

This implies the need for a system which would require no manual 

Based on the curves i n  Figure 2 ,  i t  i s  shown t h a t  RH can be controlled 

For example, a i r  w h i c h  i s  saturated a t  3OC will have 

The items o f  laboratory equipment comprising System B are shown i n  a 
schematic (Figure 3). The primary items are a saturator ,  two temperature 
ba ths  humidity sensors a temperature chamber, and humidity and tempera- 
ture recorders * 

Ambient a i r  under pressure enters the system th rough  a flow meter a t  
the rate of 1 cfm. The a i r  is then directed through a fritted glass gas 
dispersion tube submerged in a bottle o f  water which  is looated i n  a 
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TEMPERATURES OF RH CONVERSION - OVEN TO SATURATION 
5 

SATURATION TEMPERATURE O C  

Figure 2 .  Temperatures o f   ela at^^@ Hum di ty ~ o ~ v e ~ ~ ~ o ~  
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AIR SOURCE 

CHAMBER WARM 

Figure 3. Relat ive Humidity Control System B 

constant temperature water bath a t  26OC. This temperature was selected 
because i t  i s  s l i g h t l y  above room ambient and no t  subject  t o  var ia t ions  i n  
room temperature. The a i r  then proceeds through c o i l s  i n  a co ld constant 
temperature bath where complete sa tura t ion  i s  achieved by reducing the  tem- 
perature. 
(50 gal lons)  o f  t he  co ld  water bath f a c i l i t a t e s  maintaining a constant bath 
temperature t o  - +O .I OC. 

Excess moisture i s  condensed i n t o  a t rap.  The la rge  volume 

i r  i s  warmed again t o  26'C, the  r e l a t i v e  humidity i s  measured, and 
he a i r  i s  introduced i n t o  the  temperature chamber where microbia l  inac t iva-  

t i o n  experiments are conducted. A contlnuous aSr sample i s  withdrawn from 
r and cooled t o  26OC, and the  RH i s  again measured and recorded. 

The temperature and RH are measured by s p e c i f i c  range L iC l  sensors. 
e sensors and m u l t i p o i n t  s t r i p  char t  recorders are ca l ib ra ted  as a system 

r imary Standards Laboratory. As a resu l t ,  RH measurements are 
a ~ ~ u r a t e  t o  +1 percent a t  ambient condi t ions.  
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Results 
The system has been operated a t  saturat ion temperatures ( co ld  water 

bath) o f  3OC, 6OC, and 12OC. With both constant temperature baths operating 
a t  the desired temperature, the system equ i l i b ra tes  i n  about 30 minutes,, 

No s i g n i f i c a n t  deviat ions from the RH values on the conversion cha r t  
have been observed i n  the  i n p u t  a i r  t o  the temperature chamber over periods 
o f  24 hours. 
a t  26OC. 

The RH o f  t h i s  a i r  i s  held constant t o  w i t h i n  - 91 percent 

Some v a r i a t i o n  was noted between the RH o f  the input  and output a i r .  
This d i f ference i s  a t t r i b u t e d  p r i n c i p a l l y  t o  leakage o f  ambient a i r  i n t o  
the temperature chamber and w i l l  vary w i t h  the di f ference between the 
ambient RH and system a i r  RH. 
t he  two measuring points  w i l l  cont r ibute t o  dif ferences i n  RH values. 
was determined dur ing our experiments t h a t  the output RH var ied from the 
i n p u t  RH by t0.5 t o  -2.0 percent a t  26OC. 
less than 0.1 percent RH a t  105OC, a temperature which i s  f requent ly used 
f o r  our experiments. 

I n  addit ion,dif ferences i n  a i r  pressure a t  
It 

This represents a d i f f e rence  o f  

Conclusions 

The development o f  these two humidity contro l  systems has demonstrated 
t h a t  humidity can be c lose ly  and predic tab ly  con t ro l l ed  i n  a closed system. 
It was evident t h a t  precise RH con t ro l  requires accurately ca l i b ra ted  
sensing and recording equipment. 
achieve and maintain a desired RH a t  a given temperature i s  dependent on 
the abi 1 i t i  t o  e l  i m i  nate the e f fec ts  o f  ambient envi romnental changes. 

It was a l so  shown t h a t  the a b i l i t y  t o  

Although both systems s a t i s f y  the needs o f  the microbia l  i n a c t i v a t i o n  

studies, a comparison o f  the two revealed t h a t  precise RH contro l  over long 
time periods can be more e a s i l y  achieved by c o n t r o l l i n g  a i r  temperature i n  
System B than by c o n t r o l l i n g  a i r  mixing as used i n  System A. 
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tinuation of Work 

s project i s  essentia nce these systems are operating 
satisfactorily. We anticipate, however, that  additional refinements will 
be made to further improve the systems. 
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