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DRY HEAT EFFECTS ON SURVIVAL OF INDIGENOUS SOiL PARTICLE MICROFLORA

AND PARTICLE VlABlLlTY STUDIES OF KENNEDY SPACE CENTER SOIL
. b
0. R. Ruschmeyer, I. J. Pflug, R. Gove'and'Y. Heisserer

INTRODUCT!ON‘

The NASA PlaneTary Quaranfine Program has been concerned with various

facets of mlcrobial contamination and sterliization problems relevant fo

One area of Interest Is in the small soll

space exploraflon research.
s a source of con-

particles and thalr assoclated nafural mlcroorganisms a
In a recent publ!caflon, Reynolds et al.

raction of the soil microbial spore
in earller reports

t+amination for space probes.
(1974)* have reported that a certfain f

poputation may be qulte resistant fo heat treatment.

other workers (Koesterer, Favero and Pflug) have also discussed the heat

of sol| microflora and suggested that +h1s phenomenon shou!d

raslstance
Thus, current in-

be recogn{zad in the design of sterllization cycles.
formation about dry heat effects on soTl parflcu!a+e fractions and the
"-vlabillTy of thelr nafural organtsms appear des!rabie. '

Durrng the period covered by thls repor

L the effects of dry heat on the nafural in situ microbial population of

so!l, especialliy. the effect of heat treatment on soll particle viabi!lfy o

profiles. This work has tnvolved studles of both slngte soll particles

as we!l| as heat treatment of muitiple particle samples.
in establishing effectiv

Thaf data from These experiments will be helpful
u soll parflcie micro-

heaT treatment cycles required to Inactivate In slfu

flora and to better understand the soll contamination problem.

Experlmen+al data Included in the present report were obtained from

»our_mosf recent sfudies of microscoplc sized particles of Kennedy Space

Center sofl fractions.
afory,lnvesflgaflonsrconcerned with the dry heat effects on micro-

This research Is cne phase of our continuing

|abor

—————————

* Reynolds, M.C. et al.
Tural occurlng bacferlat spores In soll.

.{1974) Thermoradiation Inactivation of na-
App). Microbiol. 28 406-410.

+, we have been Invesfiga?ing=

It is an+icipafed
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bial spores and related phenomena relevant to the spacecraft ETQrIIlza—
tion programs. The project is part of a more extensive program on heat re=
slstance of microorganisms conducted by the Environmental STerI|12a+ion

Laboratory, Space Science Center, University of MInnesoTa
OBJECTIVES

‘In this.investigation, research efforts were concentrated on attempts

+o obtain data concerning the dry heat reslsTancerof particle microflora

in Kennedy Space Center soll samples. Specific objectives for the project
were: (1) to determine the In sltu dry heat resistance profiles at se-
lected temperatures for the aggregate microflora on soil particies of
cortaln size ranges. (2) to compare viabllity proflles of older with more
recent |y stored soll samples and (3) to Tnves?igafe the effect of increased
particle numbers on viabillty profiles after dry heat treatment. These
soll particle viabllity data for varlous temperatures and times provlide

information on the soll mlcroflora response 1o heat treatment and may. be

 usefut in making selections for spacecraft sterillzation cycles.

BT

_MATERIALS AND METHODS

All aspects of this investigation have been concefned with the naturatl,
mixed microblal populations of soll particles. Spore crops cultured under
laboratory conditlons were not studied in this research phase. The experi-
mental work was done directly with soil particles and their naturally

assoclated microflora. Thls approach seemed fo be desirable because It

provlded a system which appeared fo be reasonably representative of natural

soll particie contamination.

Soil ParTIcIes

In our studies of heat effects on survival of soil particle mlcroflora,
two samples of Kennedy Space Center soil were used. One of these was an
older soll sampla (ldentiflcation Code WwAJJ Series) that had been s+ored
In our faboratory following compietion of earller worx. This sample had

been co[lecTed In June 1970 by the Spacecraft Bloassay LaboraTory The
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dried soil was received by our Iabora+or|es Tn September 1971Eand Initially
storad at 4°C. In December 1971, this sampie was separated’ lnTo particie
slze ranges and sfored at room temperature since that time. A second soil
sample was collected more recently at the Space Center and was sent to

our laboratory In June 1973. The sample was designated by code as WAKM

i series and was also stored at room temperature In the dried sfaTe. This
"new" soll has boen used extenslvely In some of the recenf particlie via-
blitty proflle analyses. | ;

When the soll samples were rece!ved by our laborafory, they ware pro-

cessed In a Ro-Tap soll separator to fractionate each samp ie Into a serles
of parflcle slze ranges using ASMT standard sleves (See University of
Mlnnesofa, Schoo! of Pubtlc Health: NASA Report for December 1972 - May 1973).
Each sofl fraction collected from the selving process was stored at am-
blent laboratory condITions In a clean, covered glass jar unthi analyzed.‘
Among the soll fractions stored, the smallest particle range separafed

‘was 44-53 um and the largest fractlon size range was 105-125 um. Most of
+he viabi i1ty profile studles were done with the lnfermediafe sized 74~88
um soll particles.

- The ‘soll parTIcle viabill1ty analyses were run with elther a serles
of randomly salected particles or a serles of dark particles. In the
" random sorles, particles were transferred to test cups without any conscious

" .salectlon for structure, color, texture, otc. However, for the dark par-

ticle serles, a speclal effort was made to select the more dark, organlc
or clay type coil particles while quartz-like particles were especially
reJected.

Microblologlcal Media

" in the experiments to determine the survival of microflora on sof |
parflcies fol lowing heat treatment, Trypficass Soy Agar (TSA) madified
by the addition of Triphenylfefrazollum chlorlde (TTC) was used. The
TSA-TTC modified medium had been found to ald In the detection of micro-
blal growth and determination of particle viability (University of
Mlnnesota, Schocl cf Public Health, NASA Progress Reporf June-November
1973). Use of the redox Indicator dye was particularly helpful In fact!il-
tating recogni?ion of microbial colony development emanating from the

N .



microscoplc sfzed soll particlds. The red precipitate formed by microbial
growth in the medtum provided a sharp contrast to the particles and .
normal background. '

Sol} Partlcle Viabllity Prof!les

|
The soll particle viablilty experiments wera done uslng dry heat treat-
ment at 110°C or 125°C for selected +imes. .Individual soll particles were B
placed In separate, sterile, stalnless steel TDT cups and hea+e§ on tem-
perature controlied hot plates in our clean room faciltlty. ThS‘TDT Cup-
Aluminum Boat-TTC procedure was used In all experiments. For éll +hese'
studies ranging from analyses of one particle to 25 parficles per cup, the
- soll parflcles were salected and fransferred to TOT cups by micromanrpu— _
latton with the ald of a stereoscopic microscope. A detailed dgscripfion
of the methodology has been reported previously (Universlty of h[nnesofa,
Schoof of Publlc Health, NASA Progress Report June - November [973).
. - After appropriate heating perfods and cooling of test unlts, TTC
medla was added directly to the particles in the TOT cups. All cups
were then Incubated at 32°C for two weeks. - Following incubation, the
~3cups'were careful ly checked under a s+ereos¢oplc mlicroscope for any evi-
dence of growth and fthe number of parf!é!es or cups demonstrating growth
was recorded. From these data the proportion of cups with viable microor-
ganlsms after each heéf!ng time was calculated for all test units. The
resulting values were used.to plot the viability profiles for each series of
soil fractions investlgated. ‘ '
Bocause of the meticulous and tedious nafure of the microscopic
work as well.as personnel limitations only certain particle size frac-
+ions of soll have been analyzed. In most experiments, only randomly
selected particles wers studied. However, for certain particle inves-
tlgations, series of random or serles of dark soll particles were also
sejected for analysls and coﬁparison of data.
AddItional information concerning the procedures have been outlined
‘tn the University of Minnésofa, Schoo! of Public Hea!th, NASA Progress
ReporT'June_— November 1973. o

' ) PR



RESULTS AND DISCUSSION

The determinations of v]abill*y profiles for soil parfféles.subjecfed
tTo dry heat has depended extensively on mlcroscopy for particle selection,
transfer and microblal growth detection. Microscopy was an essentlal
part of these studles because of the small particle slzes Involved (44
to 125 um). The fact that micromanipulation techniques are reéu!red has
~ to some extent llmited the number of experiments that could be;cbmp!e?ed

In this reporting perfod. However, [t Is noteworthy that viablll+y data
on mlcroblal survival presented In this report has requlred manfpu!af!on
of !arga numbers of par+lcles. The data presented here are based on re-
sults obtalned from the processlng and analysls of more than 40,000 in-
dlvidual Kennedy Space Center soll ‘particles of mlcroscoplc size These
‘anaiyses have provlded an ex+ens¥ve serles of vilability profl!es for par-
tlcle types at selectod temperatures, Including comparison of stored soll
: samples, effect of the size and number of particles on the time requlred
for heat Inactivation of the microflora, reproduclbtlffy of vlabill?y

proflles, etc.

* - Parflcle Size Effect on Viabl{l+y Proflle

. The eariler studles deallng with particle viabillty analyses using
TSA TTC medla wera conflned To prellmlnary experlmenfs with the 74-88 um
'fracflon of WAKM series soII More recently, we have compteted a viabillty
analysis for the WAKMG (88-105 upm) parfl¢les as well. Random single soll
particles were used In this experiment and the particles were heated at
125°C for time Intervals from .15 to 120 minutes. Experimental data ob-
talned In thls study are Iisfed In Table I and The parficle viability
profiie Is shown In Figure I.

Among the unheated WAKMG par+lc|es fesTed €67 of 74 demonsfra+ed
microblal growth. Apparently, some particles did not retain microorganisms
which ware capable of growth under the test conditions or these particles
did not have viable forms associated with them. The viabllity response
‘of the unheated particles was sllghtly greater than 90 per cent. After

dry heat Traa+merf for 100 minutes at 125°C, only one’ Dar+lc|e out of 74
S



L o ) Table d ) . |
* soll Partlcie** Viabi!llty After Dry Heat Treatment
_ ~ On Clean'Room Hotplate at 125°C
WAKMG Soll (88-105 um) Proportion Positive Data™

Experiment Heatlng Time 1 Proportion Positive
Number . (Minutes) Fraction Decimeal
OR4003A 0 , 67/74 . 0.905
OR4003B 15 24/74 - 0.324
OR3354A ’ 30 17/74- . 0.230
OR4004A 45 - N V578 0.108
OR33548 60 . . 3/74 . 0.040
OR40048B 80 . - 4f14 0.054

' OR4023A 100 1/74 0.014
OR4023B 120 = 0/74 0.000

. * Particles selected randomly -

" % Refers to fraction of particles with viable mlcroorganisms
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. tested showed evldence of.vfabI{I?y: No growth was observed on partictes
tested after 120 minutes heating time. '

For pufposes of compartson, the viabllity profile for random particles
of the WAKMG (88-105 um) soil fractlon has been graphed together with
siinllar data for WAKMF (74-88 ﬁm) soil particles (Figuré 2). These data
suggest that the larger sized particles retaln a viahle microflcra for
a somewhat longer period of time when heated at the same Temperafure,_

This effect of particle size is simllar to that observed earlier for WAJJ
“serles soll studied by Moore et al. (Unlversity of Minnesota, §chool of
Public Health NﬁSA Progress Report, December 1972 - May 1973). E‘

. Random vs. Dark Partlcle Profiles I 5

As part of +he exper!men+al soil work, It was also of In+eresT 1o
run & comparaflve viablililty proflla series to noTe any differences in
- the proflles when only single dark particles were used as opposed to
- single randomiy selected ones. For this experlmenf a serles of 74~88 um
_particies of both WAKMF and WAJJF soll samples were tested.  Particles

ware treated wiTh dry heat at 110°C for vartous time lIntervals up 10

-~ 24 hours for some cups. The proporfion of par+lcles retaining viable

-m!croorganlsms after each heaflng ‘Interval was determined and recordsd .
:‘for vlabIIiTy profiie plots.
ExparlmenTal da+a from the dark parfic!e sfudy wifh WAKMF par+lc!es
| are Ilsted In Table 1. The correspond?ng ‘graph lllusfraflng the fraction
of particles with surviving microflora at The various heating t+ime In-
tervals has been plotted In Figure 3. These data show that of the 74
unheated parttcles tested, 67 particies had viable, detectable micro-
'prganjsms assoclated wilth them. This proportion consfifufes about S0
per cent of the tested dark particles. After elght hours of heat treat-
ment at 110°C, only one particle of the 74 tested retained viable L
mIcrdeora. No growth was observed on WAKMF dark particles heated for
+1me Intervals longer than elight hours.
The graph in Figure 4 shows the viability profile of the WAKMF
dark particies compared with a profile for WAKMF randomiy selected

parf!éles determinad In an earller experiment.  In Thlsicase the two

1
’
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i .
| Table I o [j -
Soil Particle Viability After Dry HeaT‘Treafmenféon' |
" Clean Room Hotplate at 110°C. WAKMF (74-88 wm)

Dark Particles. Proportlon Positive Data¥*

Lo

E&perlmenf - Heatlng Time Proporfion”Positive
Number - (Hours) Fraction Decimal
ORA4039A 0 67/74 0.905
OR40398 | 37/74 , 0.500
OR4039C 2 17/74 0.230
OR4045A - 4 /74 - | 0.095
OR40458 6 5/74 0.068
OR4045C 8 1774 " 0.014
OR4052A 10 0/74 . 0.000
OR40528" 12 0/74 0.000
OR4050A 16 0/74 | 0.000
_OR40508 24 0/74 - 0.000

* Refors to fraction of partlcles with viable mibroorganisms

) .- -1 P k:ul - N
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Flaure 4
VIABILITY PROFILES OF WAKMF (74-88 um)
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profllas are qu!fa slmIlar in slope and no growth was defecfed upon
the anatysls of, elTher set of particles after 10 hours heating time.
Atthough no dlfferences In viabllity prof}les are evlden+ tn the results
of thls experiment, it Is recognized that these data are limited In that

- they represent only one experiment for sach serles of WAKMF particies.

- Additlonal work may reveal differences not detected in this experiment.

On the basls of the llimlited data avallable for WAKMF particles 1% '

. appears that dark particles and randomly selected ones yleld a simifar

" tnactivatlon response to dry heat effects. Because light colored par-
ticles, wlth generally fewer organlshs per particle, constitute part of
the random partlcle serles, one might have expected some effect of selec-
flonﬂon the vlablli+y profIIe. I+ Is also concelvable that, due to speclal
‘colncldence, the random parficle sat for the current’ experiment may have
contalned a higher proporf!on of darker particles than generally occur in
such selections.

. A second exper!menf wlfh slngle random versus dark particles was '
carried out with the 74-88 um WAJJF "old" soil fractions. These particles
ware also heated at 110°C for varlous Time inTerQals. The proportion -
of random par+lc|es with assoclated microflora capable of surviving
heat treatment at each time Interval are listed in Tabte Ilf. A via-

7 bliTty proflie plot for these random WAJJF particles Is shown 1n Flgure 5.

For this particular experlmen+ approximately 73 per cent of the unheated
random particies showed evldence of growth. It was also observed that
about four per cent of the particles heated for four hours still retained.
viable organisms. However, after six hours or more of heat treatment,
none of the random partlcles from this series demonstrated viabllity in
+he tost medium. ‘ ‘
_ A viabiiity proflle for WAJJF dark parficles Togefher with The random
par?lcle proflle is shown In the graph of Figure 6. The experimental

data from which the proflie of the WAJJF dark particle response was drawn
sre ilsted in Table VI!, page 24. In this experiment, comparison of

data from dark and random par+lcle analyses fndicates that for all

heating time intervals The dark serles had a higher proportion of par-
ticles that retained viable microflora through eight hours of heating

| time.



 110°C On Clean Room Hotplate WAJJF (74-88 um)

| Tabte 14l i
Soll Particle Viabll ity After Dry Heat Treatment At

-Slngle Random Farflctés;Propor?ion Posltive Data*

Proporfion.Posifive

0/74 .

PR RIS

Experiment Heatlng Time
Number (Hour;) Fraction - Decimal
OR4247A 0 54/74 0.730
OR42478 X 14/74 0.189
OR4248A 2 7/74 ~ 0.095
OR42488B 4 3/74 0.040
. OR4249A - 6 0/74 . 0.000
OR42498 8 0/74 0.000
. OR4249C SET I |

. 0.000

* Refors to fraction of particles with viable mlcroorganisms
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~ The results from studles of random versus dark parTicIés are Incon-

- cluslve, ~ Although the data obtalned from the WAJJF serles suggest that a
dt¢ference in viablitty profiles can be expected, this phenomenon was

_not demonstrated with the WAKMF sol! fraction. Whether or not this Is
due Yo the Inherent variabillty In particle selection is unkbown at Thils

" present time. | o o ; i '

Viability Proflle Roproducibility

Durlng the Inltial investigations of WAKMF soil par%fcles and the

" response of assoclated microorganisms to dry heat treatment, the quastion
of viabliity profile reproduclbility occurred. Therefore, plans were
made to run a replicéfa serles of three experimenfs fd provide Informa-
tlon on how well the vlabill*y protiles for a soll fracfion would be re-

produced from one exper!men?al series fo another. Throughou* fhese ox-
periments, Kennedy Space Center WAKMF single dark parflcles were used

In Three similar dry heat treatment serles at [10°C. ‘In total this study
glone invclved the selec?lon, heat treatment and analysls of 1,628 In-
dividual soil particles for the combined repllcafe series axperimants.

- - Results obtalned from the first replicate experiment analyses were

Wf‘ﬁ?eseh?éd eariier In Table 14, p. 10. Data which were obtalned from the
- two addltional replicate series determinations with Individual WAKMF

i Rgrflcles are jlsfed in Table }V and Table V. Flgure 7 shows ‘the vlabillfy

profiles that have been plotted for the initlal series of soll particles o
(Series |) and the replicate experiments (Series If and Serles {11).

When one conslders the prbblems of selectlon, manipuiation and treat-
_ menf of these mlcroscoplc slzed particles, It Is surprising to find that-
‘the agreement between data from these replicate experiments appears fo
be quite good. The results frem these studies indicate that reasonable
reproducIblfity of the viablily profiles for soll particle microflora
from & sample cén be achieved. It should be recognized that this experi-
mant was limited to only one soll fraction because laboratory time re~
- quirements precluded a more extensive experimental series with additional
;soli fractions. _?his was especlally the sltuation whehgver micromanipu-
Iafion.was reguired for the particle studles. -
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| Table IV o E

Soll Particle Viabillty After Dry Heat Treatment On
Clean Room Hotplate at 110°C WAKMF (74-88 um) Dark
. Particles. Replicate || Proportion Positive Data

Propor*loh Posltive
Experiment Heating Time
Number {Hours) Fraction Pecimal

OR40S9A 0  66/74 0.892

OR4067A 2 21774 L. 0.284

OR40598 4 8/74 0.108
(OR40678 6 | 3/ - 0.088
OR405SC, 4071A} 8 o tnss ) 6007




Table V. . :
Soll Parflcte Viabiilty After Dry Heat Treafmen+ On
Clean Room Hotplate at 1i0°C. WAKMF (74-88 um) Dark
Partlcles. Replicats Ill Proporfion Poslf!ve Da+a* }
e : |

Experimant . { Heating Time Proportfon Positive
Numbar : ‘(Hours) ' Fractlon Decimal
OR42554 o e | q.%@s
OR42558 | 33/74 ¢ | 0.446
OR4255C 2 19/74 ' 0.257°
. OR4256A 4 - 8/74 . o0.108
OR42568 6 3774 | 0.080
oRaze2A .| . 8 . | 44 © 0.054
ORa2628 - | one b CooTe e 0.014
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VIain!Ty Profiles of Stored Soil Particles

‘Another aspect of the soil particle microbiology problem has been the
effact of long term storage on particie viabitity. For this reason some
experimental studles were done to obtain data retevan+ to the vrabtllfy
of solt particles which had been stored in our Iaborafory over several
years. |In these experiments, Ind!vldual WAJJF (74-88 ym) dark sofl
par?icies were subjected to heat treatment. These partficles had been
stored In coverad‘glass‘jars at ambfent laboratory conditions for ap- ;
proximately 2.5 yéérs Viabll ity profl!es at 125°C and |!0°C have been
determined for thesse soll parTIcIes
, For comparative purposes, a siml lar profile at 110°C for WAKMF
(74-88 um) dark soll was also determined durlng the same pertod. The
WAKMF particles had been stored- In . our Iaborafories for approximately.
one year at the time of heat treatment and analysls.

‘ Results from the analyses of WAJJF "old" particles hea+ad at |25°C
are |isted In Table VI and plotted on the graph of Flgure 8.. These data
show that, desplite the 2.5 year storage pericd, more than 74 per cent

of the soll particles still retalined viabie microorganisms as demonsirated
by the response of the unheated serles. After 60 minutes of heat Treafhen?

-at 125°C, most of the mIcrobla! populaflon on the par?lcles was rendered

‘inon-vlabla. Only .4 per cent of the particles heated for one hour
shdwéd growth under test culture conditlons. None of the parflcles
tested demonsi.ated viabllity after 120 minutes heating at 125°C. The
viabitity plot in Figure 8 shows the.trend of the particle inactivation
curve with time. -

o Parflcla viabllity dafa from the 110°C dry heat +rea+men+ of sfored
WAJJF dark par*lcles are presented In Table Vil. Analyses of the unheated
particles Indicated that approximately 85 per cen+ of the IndIV|duaI£y _

" tested partlcles still retained viable microorganisms. Figure 9 shows ‘the

' particle Inactivation profile which was obtained from +his experiment

with the "older"” soll. -The +ime required to inactivate the particles at
110°C was at least eight times longer than the time observed for 125°C.

After elght hours of heat Treafmenf at tio°c, s!lghfly over one per cent




4 . Table VI _ : .
Soll Particle Viabllity After Dry Heat Treatment at
© 125°C on Clean Room Hotplate. Single WAJJF (74-88 um)
Dark Partlcles Proportion Positive Data* |

Proportion Posltive

Experlment Heatlng Tims ,
Number (Hours) Fractlon ‘ Decimal

OR4I7TA o  56/74 0.757
OR41778 15 | 2/14 | 0.297

CoratTic | 30 a2/ 0.l62
rarsa | a1 s | a0

. oReI7EB | GQ;,;HZ;w;} Jﬁ:*1i:IY?élf‘:if. . 0.014¢

oratree | vze | T era o T 0w000

0R4178C . 180 074 - . 0.000

* Refers to fraction of particles with viabie microarganlsms




CVIABILITY OF WAJJF (74-88 ym) DARK SO1L
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o CTable VIL
 soll Particle Viablilty After Dry Heat Treatment a¥
110°C on Clean Room Hotplate. WAJJF (74-83 um)
Dark Particles Proportion Posltlve Data¥*

Expsriment | Heating Time Proportion Positive
Number - (Hours) Fraction _ Decimal
OR4II3A °o 63/14 ~ 0.851
ORAOBEA I | 35/74 0.473
- OR4085 N 12/74 o oae2
| OR4086B 6 | ’:"'hz/74 N 0.027
ToR4IIZB fiBTé "figigjkjil : _7;fff;hb.o|4 .

* Rofers to fraction of partlcles with viable microorganisms




Figure 9 N
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~of thé‘TréaTBd pérficles st11l demonstrated the presence.df viable micro-

" organisms. o T S
Flgure 10 provides a comparison of +he parficle inactivation proflles

obtalned when dark particies of WAJJF (old) and WAKMF (new) soll fractlons

" were treated at 110°C. It Is of interes?t to note that, despite the longer

storage tlme of approximately 2.5 years for WAJJF soli particles, both

particle vlablli?y profiles appear to be gulte comparable Thus;, the

. rasulfs suggesT that the dry heat survival response of these soli sample

‘ mlcroflora are apparenfly similar regardless of the longer storage time

" for WAJJF solt. Furthermore, these data also suggest that +here was no

. marked loss of heat resistant forms from the particles during the sTorage

period. This 1s not an unusual phenomenon with spore forming bacteria;
since some forms have been found to remaln viable for many decades In
.dried solls. Anthrax spores are a classic example and these forms have

been reported to survive for many years in certain soils of Europe and

- the Unlted States.

Effect of Parflcia Number on Vlabillfy Profile

| As the various lnvesflgaflons of soll par+lcle mlcroflora were carried
' on, an |n+eres+ was also developed wlth regard to any effects on par+fc|e

"-ivlablllfy that m!ghf resulf from an increased parficle denslfy per unit

- area. Of parflcuiar concern was the question of how an Increase in the
" number of soll particles per TDT cup would Influence the configuration
of the viability profite graph. An extensive serles of experiments was
compietéd in order to obtain the data relevant to the effect of parficle'
load on the soll particle viabllity profiles.

in these expeflmenfs, numerous series of 74-88 um sized random par-
ticles, drawn sépara?ely from the "new" WAKMF and "old" WAJJF soil samples,
wore subjected To'dry heat treatment. For each of the soll samples studied,
» analysés ware done to obtaln viabillty pfoflles for concentrations of one,
ten and 25 soll particles per TDT cup. | '
| - The randomly selected soll particles were placed in each TDT cup and
serles of 74 cups were heated at 110°C for each selected time Interval.
In aggregate, the test groups for both 50ils were comprised of a total of
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‘more than 22 ~000 1ndIV|dua| parficles. The parflcles were genera!ly separated
‘Into sequences of six to seven experimental heating time series. This

- number of heating times furnished a sufficient number of p0|n+s to allow

graphing of the vlabilify response curves and note +rends In +Ime requ1red

Rasults obtained In the serles of sxperlmenfs with WAKMF soil particles -

are presented In Tables Vill IX and X. The tabulated data refer to the

‘propor*lon of cups which retalned viable soll parficles aftter each Interval

of heating time. These data have atso been plotted as vlabiii#y profiles

- for one, “ten and 25 particles per cup. Graphs of these data are shown in

" Flgure 1| and provide an interesting comparlson of viabl ity profiles for

the Increasing loads of WAKMF soll particles per cup.
Inspectlon of the graphs in Figure 1l suggests that there was an  in-
tluence on the particle viabliity curve as the number of particles per cup

was Increased. In the serles using ten particles per cup, the inactivation

of the assoclated microorganisms showed an initiatl lag up to about two

hours of heating time. Following this perlod +he rate of particle In-

- activatlon apparenfiy increased and, after ten hours of heat Treafmenf

no growTh was detected In any of The cups tested.
Results from uslng slng!e particles of WAKMF soll per cup did not

.“_‘demonsfrafe any evldence of delayed Inactlivation of particles. The via-

bIIity profile for the single particles was of approximately unlform slope
and no growth was found in these cups at heatling time intervals that were
longer than elght hours. Although these-single particles general ly appeared

to undergo more rapid Inactivation, 2 few retained viable organisms for The

'same length of heating as was observed with +he ten particle per cup series.

Of the three groups of experimen+s for WAKMF solil parT;cles. the most
noflceable effect was shown by the studies with 25 particles per cup. '

In this case no marked increase In the slope of the viability profiile

' was observed untll| affer four hours heating time. The lag in the inactivation

rate was clearly more pronounced than that observed for ten particles per
cup. Some particles of thls group remalned viable through ten hours of

heat treatment. However, after |2 hours heating time none of the cups



Table Vil
Soll Particie Viability Affer Dry Heaf Treatment On ?

" Clean Room Hotplate at 110°C.
: Parficies~-l ParTicIe/Cup Proporf!on PasITIve Dafa*

WAKMF (74-88 um}- Random

- Experiment Heatlng Tlme- Proportion Posiflvg
,N”m?e" (Hours) Fraction Declma!
OR3296A 0 60/74 o.éfl
OR3296B ! - 29/74 0.392
OR3298A . 2 16/74 0.216
OR3311A 3 10/74 - 0.134
OR3298B 4 6/74 0.08!

. OR3311B 5 7y 0.095
OR3311C g C2/74 0.027

 OR3303A 8- S 2/74 0.027
OR33038 16 v 0/74 - 0.000 .
OR3305A 24 1 0/74 0.000

* Refers to fraction of parficiés with vlable microorganisms




. ~ Table IX o
Soll Particle Viability After Dry Heat Treatment On
Clean Room Hotplate at 110°C. WAKMF (74-88 ym) Randon
Particles--10 particles/Cup Proportion Positive Data

 Experfman+ Heatlng Time Proporfion Posltive .
. “”'“be'f . (Hours) Fracﬂon' _ - Decimal
OR408 | A b - 72/74 ° 0}973
oRa0eEA, 91A | 2 S TVATY | 0.820
ORA066B 4 1 28/74 . 0.378
. OR408!B 6 | - 8/74 - 0.108
oRé0TZA | a" S 2/a 0,027
OR40748 iz o7 © 0.000




. _ - Table X :
sotl Particle Viabllity Affer Dry Heat Treafmen+ On -
Clean Room Hotplate at IIO°C WAKMF (74-88 um) Random
Par*!cles--ZS Particlies/Cup Proporfion Pos;five Data

Experiment ' _Héaflng Time Proportion Positive
Number ‘ :(Hoqrs) Fraction - Decimal
OR42I12A. i | 4 1.000
OR42128 2 73/74 .~ 0.986
OR421 3 4 64/74 0.865
. omezIZB 6. Csere | 0459
| omazisA s VSR
_;E"0R4ziééi"'jf_=j:7‘ lo e e ) 0027
S T e 0.000
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from this éér!es showed any growth rosponse on TSA-TTC medla under test con-.
ditions. . - R |
~ Simliar experimental work with the "oid" WAJJF soll particle fraction
revealed a somewhat similar trend to that found for the WAKMF soll sample
However, in the case wlfh +he WAJJF soll particles, the differences were
‘not as marked and the graphed data was not as clear cut. .
_ The data from the experimental serles using ten and 25 random parTicles
~ per cup of WAJJF soll are shown in Tebles X| and X!l. Resulfs from the -
work with one random particle per cup have been tisted In Table:llt, page |
14 of this report. The three vtablil?y profiles ocbtained for the different
- parflcle loads of WAJJF soll per cup are drawn tn the graphs of Figure 12.
' These data reveal a trend which Is simfiar fo that found with the
WAKMF parflcles The viabl{ity profile for single, random parflcles of
" WAJJF soll per cup Indlcated that particle lnactivation oceurred wlthout
any noticable lag period. Data In Table It (page 14) shows that none of
the parf!cies produced microbial growth after four hours heating tima.
Tests run after heating +imes of sl!x, eight and ten hours, and represenf!ng
a fofal of 222 Indlvlidual particles, showed no evidence of viabiiity.

In confras+ ‘o the s!ngle particle data, the results with 25 par?fcles

".,of WAJJF soil per cup showed a readily detectable lag in the viability

' 1proflla plo? Furfhermore, some of the par?!cles in these cups retalned
vlable microorganisms through ten hours of heat treatment. Both of +hese
results are similar 1o those found with WAKMF soll studles.

The ten particle per cup profile for WAJJF sol! showed a somewhat
Intermediate response but was not as cleariy dsflned as those for one
particle or 25 particles. Some of ths mlcroflora assoclated with particles
1n these cups were also found to. survive ten hours heating time.

Data from The two experlmen+al series with WAKMF and WAJJF soll
frac*lons Indlcate that as +he particle load per cup is Increased, a lag
In the Inactivattion rate occurs In the early heating periods. Further-
"more, as the particle toad per cup was Increased from one to 25 parficles
the time required to achieve Inacf!va+lon of all cups was increased. - These
' ;dafa suggest +ha? Increaslng the particle load per cup beyond the number



. | " Table X! |
‘Sol1 Particle Viabillty After Dry Heat Treatment On

) -
1
]
'

i
|
i

. Clean Room Hotplate at 110°C. WAJJF (74-88 um) Random
Particles--10 Particles/Cup Proportion Positive Data

Proportion Postitive

Experiment . Heating Time
Number _(Hours) Fractlon Dectmal . .
OR4191A i 67/74. -0.905
OR4191B 2  55/74 _fo.743 |
OR4|92A 3 53/74 .71
OR41928 | 4 25/74 | ;0.333'
oraloTA | o6 s | 0.000
ORMISOA. 8 ~ ooz




Table Xli

Soli Parflcia Viab!iity After Dry Heat Treafmenf On

Clean Room Hotplate at 10°C.

WAJJF (74-88 um) Random -

- Partleies--25 Particies/Cup Proportion Positlve Data

) Experiment

Proportion Positive

- OR4241C

~ o/74

Heating Time.

Number (Hours) - Fraction Decimal
OR4235A | 74/74 1.000
OR42358 - 2 73/74 0.986
OR4234A 4 39/74 0.527
OR42348 6 15/74 . 0.203

- OR4241A 8 74| 0.095
OR4241B o RY:7 - 0.014

. 0.000




Figure 12
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currenle-Tested may extend the lag effect and prdlong«fhe_flmeifor in-
- actlvation. ' ' :

CONCLUS 1ONS

The laboratory sfudles complefed recen+|y with Ksnnedy Spaée Center
- goll particles have provlded addltional data regarding the response of
In sttu particle microfiora fo heat treatment. Results from these mlcro-
blologlcal analyses of soll par+!cles suppor+ the foilowing conciuslons

. Data from soil partlcle viabllity analyses suggest that as the
particie size Increases, a viable microflora Is refained for a longer .time
under dry heat +reatmant conditlons. ‘

2. Viabtlity profiles for random versus dark WAKMF (74—88 um) sol|
particles were simllar. No mlcrobial growth was observed from these par?IcIes
"after dry heat +reatmant at 110°C for ten hours. Analyses of the WAJSF
serles of random versus dark parficles ylelded viabillty profiles lndlcafing :
t+hat the dark particles manlfested a more prolonged particle inactivation
~ time than the random particles. Whether or not the observed difference

1n response Is due to variabl{lty in particle selecflon, soil +ype or some _'

.. other factor Is not known.

J'wltﬂﬁll Repllcafe experiments with three separafe series ‘of WAKMF (74—88 um)
dark particles treated at 110°C showsd good reproducibtlity of 1he viabi ity
proflle for +hese soll particles.
4, Analyses of unheated WAJJIF soll fractlons showed that 75 per cent
. of the Individual dark particles retalined viable mlcroorganisms after several
years storage In the laboratory. After 120 minutes of heat. treatment at
125°C none of the particles showed evidence of microblal growfh At 110°C
approxlmafely one per cent of particles tested sfill refained viable micro--
organisms after eight hours heat treatment. | '
5, Soil particles which had been stored in the . Iaborafory for 2.5
yoars and tested at 110°C were found to produce a viability profile 5|m|iar 7
1o the profile obtalned wlfh more recenf!y acquired soil particles In the

74-88 um slze,fracfion.




6. Experimenfat data from s+ud:es using one, ten and 25 parTacles
Vpnr cup sujgo ;1 thot the particle load may influence the conflgura+fon of
tho particle viability profile for dry heat treatments. With an Increase
In partlele load por unit area, o tag In the partlcle InacTIyaTion was

obsutvad and tho timo rogulired for inactivation was ekTended?
FUTURE WORK

|. Further in&esfiga#ion concerned with the effect of particle load
on the viability profifes for soil particles. |

2. Analyses of parTucIes To obtain v:ab|ltTy proflles for anasrobic,
‘mesophllic microfiora. ‘ _

3. Experiments to obtain viability profiles for soil particies from
the 44-53 ym and 105-125 ym size fractions treated at 110°C =
4. Exploration of statistical procedures for treatment of the via-

" bllity profile data.



