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The effect of Gamma Irradistion on the aerchic
microilora of vpotato washbe water was studied,

Tne aeroblic microbial genera present in potato
wagte water before and after irradistion with gouna
rays were identified, The most fundamental organisms
present in the waste at a dosage of 0.0.megarads were
micrococcl, Organisms of the genus Bacillus 2lso
made up & major portion of the microflora, Other
orgenisms such as Aerobacter, Corynebacterium, Erwinia,
Sarcina, Streptomyces and Xanthomonas made up only
minor portions of the microflora,

ATter dosages of 0,5 and 1,0 megarads Bacillus
gpecies became the predominant organisms and after
dosages of 1,5 and 2,0 megarads they became the only

organisums,
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Host of the microflora was destroyed

e

dosages of 1,0 megarads,

ous levels of tobtsl solids
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Work done at var

=

X

indicated that there wasg no gignificant difference in

I

the radistion resistance of orgsnisus at higher levels

of total solids,
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“he addition of sodium hypochlorite and hydrogen

7,

peroxide to the waste water proved ineffective in

sen

U}

itizing the microflora to gamma irradistion,
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INTRODUCTION

The survival and growth of the food industry is
becoming very dependent on the solution of its problems
of water and waste disposal and or reclamstion, Past
experience has shown that the quéﬂtities of water used
per unit of product for most operations are usually
excegglve and as g result the quantities that are
physically, chemically, and microbiecaly pclluted are
larger than necessary, The use of large quantities of
water willl soon have to cease in order to conserve
supplies to permit increased food production in future
years,

Furthermore, in order to weet the requirements of
the present and fubture pollution abatement laws, the
processing cost of food products will probably increase,
due to the cost incurred in waste water disposal,
Congsequently, if a food processing establishment could
reuse 1ts processing water by recycling, the cosgt of
water and the cost of waste disposal could be drastically
reduced, One problem associzted with the reuse of
processing water is the presence of micro-organisms, The
elimination of these undesirable organisms is an important
criteria in water reclamation, The destruction of

micro-organisms in waste water particularly from food



progessing industries has not been investigated very
much, as there is little information on this subject
reported in the literature,

For these reasons a study was initliated to evaluate
the efficiency of gammsa irradistion in the déstruction

of micro=organisms present in potato waste water,
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REVIEW OF LITERBATURE

Gamnma Irradiation

Man has been subjected to irradiation since btne
peginning of time, Without radiant energy there
would be no 1life on earth, The sun is our primary source
of radiation,

Today we think of radiation as streams of radlant
energy emitted from a source, transmitted through &
space to a receptor in which it is absorbed, Some of
the more familiar types of radlation are radio rays,
ultra violet rays, and x-rays, We are usually nct so
familiar with alpha, beta, @nd gamma rays,

X-rays and pamma radiation although identical in
nature, originate in different wmanners, The emission of
an electron from an atom occurs when there is a transition
of an electron from an outer shell to a vacancy further
within the imner shell and is produced by bombarding a
heavy metal target with fast electrons in & man-made
accelerator, Camma rediztion is the result of a transition
of zn atomic nucleus from an excited state to a ground
state as in certalin radioactive materizls Silvermsn and
Sinskey (1968),

Bata radiation, arising from radibactive disintegration,

are electrons with & single negative charge and a low mass,



Beta radistlon from an isotoplc source cennot penetrate
materlials very deeply but electrons produced in man-made
machines can be accelerated to extremely high energies
#ith a subsequent improvement in penetrating ability
Silverman and Sinskey (1968),

Alpha rays lack sufficient penetrating ability
to be of practical value in the food industry,

kesearch in the 1940's and 1960's revealed the
potential of radiation preservation of foods, It was
observed that ingects could be killed, micro-orgsnisms
could be destroyed, and sprout inhibition in certzin
root vegetables could be obtained by the use of gamma
lrradiation, according to the U,S. Department of

Commerce (1965),

I



THE EFFECTS OF GAMMA IHRADIATION

{1) General EBEffects

g

Tne concept of direct sud indirect effects of

fudo

rad

-

ionizing ir ation was developed by Lea (1956} and
expanded by Hubchiuson and Pollard (1961)., The sction
of lonizing irradiastion on a molecule is due to the
energy released within the molecule itselfl in contrast
to the indirect action vesulting from the diffusion of

adlcals produced in the adjacent liquid., Therefore,

‘"S
o

it is seen that direct effects of radiation on micro-
organismg are effective within the organism and are
aggoclated with the target sites, Indirect effects in

)

a sense are still within an organism bub inactivate the
organism by diffusion to and reacting with 2 sensitive
ite., This should not be confused with another type
I effect which is a golute effect; that of radicals

and other radistion produced compounds Tormed extracellu-

larly in the wnedia,

(2) Effect of Irradiation on Vegetative Cells

Fran et al (1950) investigated the effects of

x=rays on cells of E, coli, A, serogenes, S. aureus,

=




8. marcesans, They concluded that the percentage of

3

organisms Killed was the same regordless of thelir initial

concentration, U.S, Depsrtment of the Interior {1960)

and Proctor (1960} investigated the destruction of

~

microorganisms in ish products by lonizing radiation
of gamma rays, These investigastions showed considerable
success in extending the shelf 1life of fish products,
The effects of gamwa irradiation on bthe natural
microbial of soll population was investigated by Davis,
Sheldon, and Auerbach (1956). The organisms were
classifled sccording to the media which supported thelir
growth, They reported that small dosages in the order
of 103 to 1{}LL rads would reduce the number of organlsms
by at least fifty percent., Tarply ef al (1953) reported
that moldes and non-sporulating bacteria were nuch legs
regigtant to gamma irradistion than sporulating bacteria,
e also found that mixed suspensicns of bmcterial
cultures when irradiated with gamme rays showed slightly
increased survival over pure bacterial suspensions,
Monib and Zayed (1962) irradiated a sample of loam soil
at pH 8.0, supplemented with one percent glucose, at
dosages of 0,1 - 1,0 megarads, Thelr investigation
revealed that the destruction of microorpanisms in loam

801l was directly related to the dosage, However, they



reported that the soll was not free of microorganisms

2 =

even after treatment with 1,0 megarads of gunmma

irradiation, Azobtchacter wag destroyed by 1.0 wmegarads

L)

and was very nmuch reduced in numbers by smaller dosages

iyl
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reag spores of the genus Cleostridiunm were unaffected by

the smaller irradistion dossges and exhibited much more

O.J

f..h

radiation reslistance at higher levels of irradiation,

EFFECT OF BWVIROMENT ON MICROOBGANISHMS

DURING ILERADIATION

Work performed by Gunter and Kohn (1958): Fldjarm
and Phil (1961); Kempe (1963)¢ Niven (1958): Proctor et al
(1955); Shabyj et al (1965): Grecz (1965); and Anellis
et al (1965) showed that the presence of compounds such
as glycerol, sodium formate, proteins, and carhohydrates
increased the irradiation resistance of microorganisnms,
Hollaender ¢t al (1951); Moos (1952); and Biagini (1953)
found organisms to be less sensitive to irradistion when
amino acids, proteins, or the mixture of compounds
present in nutrient broth were present in the medisa,

There have been very few studies on the effects

of irradiation on microorganisms in their natural

P
ot

bitats, but it is evident from present knowledge that

much higher dosages of irradiation are needed to destroy



microorganisms in a liquld environment, 3totzky and
Mortensen (1959) obgerved very libttle destruction

2

oi microorganisms following irradiation of a peaty soil

with dosages up te 0,25 megarads, HMelaren et al (1957)
chtained a complete lethal effect on the microbial flora

in a clay loam goll with 2 dosage of 2,2 megarads,
Tarply et al (1953) reported that young bacterial

cells were morve sensitive to irrasdistion than old cellg

f o

vegetative more sensitlive than bacterial spores and

pacteria in the dry state were more resistant than bacteria
in aqueoug sgolutions They &lso observed that lrradiation
at low intensity over long periods of time was of no
greater effliclency than lrradiation at higher Intensities
over shorter periocdsg of btinme,

Moog (1953) reported that bacteria in the dry
state were nuch less affected by lrradiation than

bhacteris in solution,

ThE EFFECTY OF IREADIATION ON BACTERTAL SPORES

irradlating various spores in the
presence of protelns, nutrient broth, ascorbic acid,

and thiourea have been described by Edwards et al (1954);
and Morgan and Reed (195%), They found that, although

these compounds had an effect, spores in the presence of



Chese compounds were less susceptible to rotective
influences than the vegetative cells were,

The organism which dominstes most considerations
for determining the sterilization dosage reduired for

foods is Cl., botulinum, one of the most radiation

resistant spores, Pratt et al (1958) inoculated 10,000

[

spores per gram of (l. botulinum type 4 into foods and

-~

Tound that for sterility dosages of 3,0 megarads in peas,

3.8 megarads in chicken soup, and 4,0 megarads in pork

o
X3

were required, Kempe, Craskoski, =nd Gillies (1954)

&

reported that while the number of spores of (1, botulinum
varied from C.4 to 40,000 per gram the dosage required
for sterilization of the cooked meat varied from 2 to
4 megarads, Goldblith and Proctor (1956): Westheim
(1959; and Thornley (1957), found that in order t0 steri-
lize milk and milk products and chicken 4 megarads were
re@uired,

Briggs (1960) reported that there is quite & dif-
ference in radiation resistance between different species

o3

of the genus Bacillus, He reported that some showed
non=linear inactivation curves while others exhibited
linear inactivation curves, Donnellan and Morowitz (1957)
ocheserved linear relestionships for the irradiation of

gsome dried species of Bacillus, while some other ones




exhlibited & non-~linear relatlonship, Curran (1951)
gtated that the most resistant spores required aboub
2,000,000 Roentgens of cathode ray energy for their
destruction, while the corresponding velue for the

vegetative cells required only about one quarter of that

Magurovsky, Voss and Coldblith (1963) studied
chenges in the microbisl flora of Haddock fillets and
Shucked Soft Shelled Clams after irradistion with cobols
60 pemma reys, Thelr dats showed that @ decided change
occured in the constitution of the microbiasl populstion
ol both produces, The flora changed from mixed prior
to irra@iatiom to & predominately gram positive flora
after lrradiation, The great majority of those surviving
microorganisms were: Mlcrococcel, spore-forming Bacillus,

and certalin yeagts, molde, and Actinomyces, The identi-

Fel -
L

ication schemes set up by Masurovsky et al (1963) are
gnown in Figures 1 and 2,

Information relating to the irradiation resistance
of microorgenisms with regards to total s0lid concentra-

ey

tions 1s noun-existent,

10



Cram (+) RODS

|
! B
Sporogenous, Asporogenous
Catalase <+ l

‘ 1

Bacillus Catalase (+)
pallisade or Chinese
letter cell alignment,
barred and beaded,
club~shavned
Microbacterium
Corynebacterium
Mycelia and conidia (

{Snorangia)
Molds
FICURE 1. General

Catalase {(~)
lactate (=)

Lactobacillus

Cram + COCCIL

|

20-30°¢
Aerobic oxidative
Chapman #10 (~)

Staphylococcus

Micrococcus

cells in cubical
packets of eight

Sarcina

Large budding forms
Wort agar (+) 20°C

Yeasts

screening method for the identification
of gram positive microorganisms isolated from
haddock fillets and shucked clams.

30-37°C

Facultative
fermentative

#1310 (+)

. Btaphviococcas

l

Staphylococcus
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Mode of Attack on Carbohydrates’
(Hugh and Liefson, 1953}
Glucose, Lactose, or both

Oxidative, inert,fermentative

Pigment Production

(Ring, Ward. and Raney,1954)

Fermentative and gas

Oxidase reaction

(Kovall,1954)
f 1
Water soluble Insoluble | ’
green fluorescent yellow,orange LIS -)
or achromogenic Cephajotrichous Peritrichous
' . flagella Aeromonas flagella
. . Flavobacterium I
Oxidase geaction
(Kovacs,1954) (+) or (~) Enterobacteriaceae
I Cytophage
Antibiotic sensitivity Iriple sugar iron
(Penicill%n~oxytetracycline) ] , I
J -) , : ]) - Acid Acid Alkaline Acid
+ .
Arginine reaction Arginine (=) penicillin (~) acid and gas acid and gas acid acid and gas
(Thornley,1960) o . -
| peritrichous oxytetracycline (+) HZS(_) st(+) st(‘) H,S( 0
P | flagella,coccoid curved rods
Mycoplana Polar flagella rods, no pigment facultative Esherichia Proteus Shigella Salmonella
oxidative, Achromobacter Vibrio
oxidase (+) Aerobacter
]
Fluorescence L ]
) 1 ! 1(-) Vogesproskauer Citrate
Green fluorescent Athomogenic
Pseudomonas Pseudomonas + +)
) ¢
Aerobacter Aerogenes

FIGURE 2. General sereening protocal for the identification of
gram negative organisms isolated from haddock fillets

and shucked clams,

Esherichia coli

L
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SCOPE OF THE INVESTIGATION

53

The principle objectives of this study were:

l. To ldentifyy the zerobic nmicrobial genera
present before and alter irradiation with gamma rays
in potato. uwuaste water,

2, To compare the microbizl population of
lrradiated and non-irradisted waste water of abraslively
peeled potatoes,

3. To determine whether various levels of total
8011ds in the potatoe woeste water had sn effect on
the radio=resistance of the microflora present,

&, To determine whether the aerobic microorganisng
in the potato> waste water could be made more sensitive
to gamme irradiation when sodium hypochlorite was add
to the potato:. waste water,

5, To determine whether the serobic microorganisms
in the potatoe waste water could be wmade more sensitive

to gamma jrradiation when hydrogen peroxide wag added

to the potatoe waste water,



MATERTIALS AND HMETHODS

.

Netted Cem potatoes grown at the University of

50

Hanitob

1G]

were used throughout thisg investigstion, Four

average sized potatoes were peeled by abra

n

sion in &

r

Hobart Abrasion peeler, Four litres of sterile distilled
buffered water were used to peel the potatoes, This
gave & potato waste water made up of approximately one
percent total solids with a pH of 7,1, This waste water
was used for microblological studies, This waste was
similar to commercial waste excepting the fact that no
micro-organisms were added to the waste through the
water supply.

Preliminary trials with several different recovery
media such as: nutrient-agars tryptone glucose yeast-
extract-agar, trypticase soy agar and soll extract asgar
were periormed, Tryptone glucose yeast exbhract-agar
recovered more aeroblic microorganisms than the other
media, Hence tryptone glucose yeast exbract sgar was
uged in the investigation,

The plates were incubsted at 32°9C for 48 hours,
Preliminary triels indicated that 320C for 48 hours
recovered more microorganisms than 28°¢C or 3200 tempera-
tures,

The abrasion peeler wasg 8anitized prior to use

14
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with & solution containing 200 rpm available chlorine,
The sbrasion peeler was then flushed with sterile
distilled water, Potato samples were then placed into
the peeler and peeled while wasning them with four litres

v

of sterile distilled buffered water, The waste water
containing the peelings was then collected in sterile
containers, Aliquots of 15 ml of waste water were then
transferred to a set of five sterile test tubes, One

tube was used as the control sample while the other

four were subjected to varioug levels of gamnmg irradige

o

tion., The radiation dosages used were 0,5, 1,0, 1,5
and 2,0 megarads,

The radiztion source was a Cobalt 60 Gamma Cell
Model 220 supplied by the Atomic Energy Commission of
Canada, At the time of the investigation the source

6

delivered an absorbed dosage varying from 1,229 x 10

rads per hour in June of 1968 to 1,0665 x 106 rads per

hour in July of 1969, Detailed discussion of the sourcels
calibration, comstruction of the shield, and various
appliances related to the use of the equipment was

suprllied by the Atomic Energy Commission of Cznada Lid,

4

The four test tubes containing the samples were

s

o

placed in the chember of the Cawmma Cell and a sample

was removed after it had recelived the required dosage,
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1

A11 camples were irradiated at ambient temperature of
slr atmosphere,

Standeard Platve counts &ccording to Standard
Methods (1960) were performed on each of the samrles
and the number of colonies were determined after
incubation at 32°C for 48 hours,

Identiiioatlon of orgaunisms in the control gamples
end in the samples which were treated with 0,5 megarads
of radiation involved the selection of 25 colounies from
each of duplicate plates and transferring esch to
nutrient broth, A total of 50 cultures were prepared
from each sample, The colonies to be picked were selected
by means of a 5 x 5 grid giving a pattern with 25 inter-
sectlions, The colony nearest the intersection was
plcked,

For the seuples recelving 1,0, 1.5 and 2,0 mega-
rads respectively, all of the colownies in eéch plate were

picked and identified, The reason being that although

o

here was ctill growth on the plates the counts were
usually less than thirty colonies per plate,

After incubation for 24 hours at 32°C the nutrient
broth cultures were sitreaked onto tryptone glucose yeast
extract agar plat ihis was done 1o ensure that pure

culturesswould be maintained, Furthermore cclony charace

teristics and catzslage tesgts could he recorded from the



plates, Once the purity of the culture had been estabe-
lished colonies from the tryptone glucose yeast extract
plates were pilcked and transferred into nutrient broth
tubes and incubated at 32°C for 18 hours, Gram stains,
according to the MHanual of Microbizal Fethods {(1657) were

then performed on ezach one of the samples and the

w

staining resction and the morphology of the culture were
recorded, The gram positive catalase positive rods were

transi

o

rred from the pure culture in nutrientebroth to
another tube of nutrient broth and were incubated at
BZOC fof five days after which smears were made and
stains according to the Menual of Microbial Methods
{1957) were performed,

By using the identification schewme in Figure 3
the gram positive rod organisms could be identified,

All of the Gram negative rods and the CGram posi

<
fudo

ve

socel were inoculated into two tubes of Hugh and

Leifson media according to Hugh and Leifson (1953),
Following the Hugh snd Leifson test the Gram

negative organisnms could be identified according to

the schemes in Figure 5 and 6, The Gram positive coscl

could also be identified according to the identification

scheme in Figure 4, For the other portion of the study

the waste was collected in the same manner but the

percentage of total solids in the waste water wag



RODS
{ |
Sporogenous Asporogenous

Catglase +) l g §

!

Bacillus

Catalase () Catalase (~)
palisade, or
Chinese letter
ecell aliqument, -
barred and beaded,

club-sghaped

Lactobacillus

Micrmbﬁcterium
Arthrobacter
Corynebacterium

Mycelia and Canidis

|

Molds

FIGURE 3. General screening method for the
identification of gram positive rods
isolated from potatoe waste water.

coce:

)

Hicrococeus

Celis in cubical
pockets of eight

|

Sarcina

Hugh and Liefson
B § )

Staphvlococcus

Coagulase

s \<+>

Staphylécoccus Staphylococcus
epidermidis aureus

Large budding

forms

1

Yeasts

FIGURE 4,

Ceneral sereening method for the
identification of gram pesitive cocci
isolated from potatoe waste water.
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Gram (-) rods

Fermentative and gas

|

oxidase reaction

€D ()
Aeromonas Enterobgcteriaeeae
lactose
(=) (+)
Urease //////
) i
(—} -+ Acid gas late Acid gas imvic
Proteus 1. Klebsiella 1. Esherichia 00
2. Paracolon like 2. Citrobacter O+0+
d ‘ . ; bacillus 3. Aerobacter 004+
Dextrose acid Dextrose Acid & Gas (some no gas) 4. Serratia (red pig.)
f/ X \\\h 5. Erwinia 004+
non- Salmdhella

- B ]
Hatile motile except S. typhosa

Sﬁybhosa Sﬁigelia

FIGURE 5. Ceneral screening method for the identification
of gram negative organisms isolated from

potatoe waste water.
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CGram {-) rods
a/(Hugh and Liefson,1953)
Oxidative, inert, fermentative }

l

Pigment Production
(King, Ward, and Ranev, 1954)

Water soluble Insaluble
green fluorescent yellow orange
or achromogenic
non-not¥le motile
Ozidase (+) or (~) Flavobacterium Xanthbmonas
(Rovacs,1954) Cytophaga

Antibiotic sensitivity
(Penicillin-oxvtetracycline)
!

-) ¥+
Arginine reaction Arginine (-)
(Thornley,1960) 4

g///’ %\\% Achromohacter
(=) +)
Mycoplana Pseudomonas

FIGURE 6. General screening method for the
identification of gram negative
organisms isolated from potatoe
waste water., '
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altered to various levels,

Potatoes from the same gource were sliced into

thin slices and then frozen in liguid nitrogen, The
slices were then freeze-dried in a Virtis laboratory
model freeze=drier, After drying these slices were

ground into & powder in & sgmall lsboratory grinder, The
ground potato powder wag then stored in sterile glass
gonbaliners, |
The wgste collected from the abrasion peeler
contalned unormelly spproximately one percent tobal solids,
Tne percentage of total solids could be altered to any
deglired level by the addition of the potato  powder,
The deslired level was achieved by adding the requlired

amount to 100 grams of potatos waste water, Eight levels
of total solids were studled and they were as Tollows:
1%, 2%, 3%, 5k, 10%, 15%, 20% and 30%,

ATter the total so0lids level had been adjusted
tobal sollids tests were performed on the waste to deterw
mine whether proper smounts of potzto powder had been
added,
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Twenty grams of wag
dry aluminum dishes, All sanmples were performed in
duplicate, After welighing the dishes were places iun &
steam bath and the molsture was evaporated, After

evaporation the samples were placed in = vacuum oven at



& tewperature of QGQC, The vacuum wé&s regulated at
25 inches of mercury., The samples were dried in the
oven for 12 hours, After drying the samples were then
placed in a dessicator to cool, After cooling the samples
were welghed and the total solids were calculszted,

After the total solids content of the potato
waste water had been adjusted the samples were irrsdizted
in 15 ml aliquots in sterile test btubes in the 220 Camms
Cell at levels of ¢.0, 0.5, 1.0, 1,5 and 2,0 megarads
of radiation, After irradiation the samples were plated
on 3,P,C., agar plates, The plates were incubsted at
329C for 48 hours after which the total counts were

recorded, The data from this investigation was subjected

J

inether

@©

to a statistical analysis in order to sscertain
there were any significant differences in the irradiation
resistance of the organisms in potato waste water containing
different levels of total solids,

An Investigation was also performed on the addi-
tlon of godium hypochlorites to potato wasbte water

contalining one percent total solids,

jo )
s
$
”
o
(]
o
[#2]

sStandard plate counts according to Staandar
(1960) were compared on the irradiasted potato waste
water wilth no sodium hypochlorite added and irradiated

povate waste water with sodium hypochlorite added,




23

Hydrogen peroxide wag zlso added to potato  wuaste
water at levels up to 500 ppm, Again the percent LHotal
s0lids content poteto wuste water was one percent,
Standerd plate counts according to Standard Method (1960)
were performed on the waste water with hydrogen peroxide
added, and controls with no hydrogen peroxide, A4lso
counts on the waste with hydrogen peroxide added coupled

with lrradiation &t dosages of 0,5, 1.0, 1,5 and 2,0

3.

megarads and counts on the waste water with no hydrogen
peroxide added, coupled with irrasdistion dosages of the

game level, were compared,



(o2}
=t

BESULLS



AFEOBIC MICHROBIAL FLORBA OF POTATO  WASTE

IHREADIATICN DOSAGES

HATER AT SETLECTED GAV

The total aerobic microblal populstion of the ten
trials of identification at an irradiation level of ¢,0
megarads wasg determined and the resulbts are presented
in Table 1, The micrococcus genus was the most pre-
dominately occurring organism wmaking up 38,8 percent of
the isolated organisms, Organisms belonging to the
Pacillus genug were also Tairly predominate making up
24,4 percent of the total, The Pseudomonas genus made
up 5,6 percent of the total, The genuses of Aerobact er,
Coryunebacterium, Brwinia, Sarcina, Streptomyces, and
Xenthomanas made up 3.2, 2.0, 4.4, 2.0, 3.2 and 3,2 per-
cent respectively, NMold growth at this irrsdiation level
amounted to 1,6 percent of the total, Yeast growth was

1ittle more predominant making up 3.0 percent of total
‘microbial flora, Those orgsnisms appearing least predom-
inantly belonged to the genuses Alcaligines, Arthrobacter,
Flavobacterium, Lophomonas, Proteus and Staphylococcus,
The percentages of the total wmade up by these orgenisms
varied from 0,6 percent to 1.4 percent, OFf the 500
isolatlions at this level only one Esherichia genus was

found resulting in 0.2 percent of the total,

24
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TABLE 1

TOTAL OF OKGANISHS ISOLATED ON TEN TRIALS
AT 0,0 MEGARADS

Genus Total No, Isolated Percentage of Total
Aerobacter 16 3.2
Alcaligines 3 0,6
Arthrobacter 7 1.h
Bacillus 122 2l 4
Jorynebacterium 10 2,0
Brwinia 22 L
Esherichia 1 0.2
Flavobzscterium & 0,8
LophomOnas L 0,8
Micrococcus 194 38,8
Mold 8 1.6
Yo grouth 16 3.2
Proteus 3 0.6
Pseudomonas 28 | 5.6
Sarcina 10 2,0
Staphylococcus 5 1,0
Streptomyces 16 3.2
Xanthomonas 16 3.2
Yeast 15 3.6

Total 500 160,00
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The total of the orgsnisus isolated on ten trizls

<.-i~.

a2t an irradiation level of 0,5 megarads is presented in

Table 2, A marked difference was seen here in the total

percentage made up by each genus from the irrzdiation
level of C,0 megarads, At a level of 0.5 egnrads

the predominant genus was Bacillus making up 81,8 percent
of the total number of olations Mold isolations
accounted for 7,2 percent of the total, Micrococcus

8180 occurred fairly consistently snd wade up 5.0 ver-
cent. Aerobacter, Alcaligines, Arthrobszcter, Erwinia,
and Streptomyces accounted for percentages varying from
0.2 percent to 0.4 percent, A considerable percentage

of 4,6 percent did not grow at this level,

The totel of the genuses isolated at an irradis-
tion level of 1,0 megarads is shown in Pable 3, 0f the
total of 2,5 isolations here ,96 belonged in the genus
Bacillus, Mold isolations zccounted for 8,379 percent
of the total, At this level only one organism was lost

2

nd transferring procedure,

-
7

in the picking

I3)
A

The total of the organisms igolated at irradise

tlon levels of 1,5 end 2.0 megarads are shown in Tables

e

and 5, Of the total number of organisms isolated here

100 percent of them were Bacillus,



TABLE 2
I

TOTAL OF CRGANISMS ISOLATED OK TEN TRIALS
B

AT 0.5 MECGARADS

Total No, Percentage
Genusg Isolated of Total
Aerobacter 2 0.4
Alcaligines 1 0.2
Arthrobacter 2 0.4
Pacillus 409 81.8
Erwinia 1 0.2
Micrococous 25 5.0
Mold 36 7.2
o growth 23 ‘ L6
Streptomyvees 1 C.2

Total 560 10C,0




POTAL OF ORCANISHMS ISOLATED ON THHN
TBIALS AT 1,0 MEGARADS

Total o, Percentage
Genusg Isolated of Total

Facillus 196 91.156
Mold 18 8.379
No growth 1 0465

Total 215 100,000

TABLE 4

POTAL OF ORCGAKISHS ISOLATED ON TEN
THEIALS AT 1,5 MEGARADS

Total No, Percentage
Genug Isclated , of Total

Bacillus 134 100

Total 134 160




TOTAYL OF TEN
TRIA b
Total Uo, Percentage
Genusg Isolated of Total
Bucillus 28 100

Total 28 100

B, THE BATES OF DESTRUCTION OF THE AERORIC

WASTE WATER

UTCROBIAL DOTATO

The rates of destruction of the aserobic nmicroblal
flora in potato~ waste water at the eight different
levels of total so0lids are shown in the Appendix (Tsbles 1
t0 69 inclusive), The rates of destruction curves are
shown in Figures 7 to 14 inclusive, The destruction by
pamna irradliation in the potato  waste water of the

zerobic microbial flora arv

‘-;m

rateg of destruction,



Figure 7, The effect of gamma irradiation
on the seroblice microflora of
potato waste water containing
one percent totsal solids,
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Figure 8, The effect of gamma irradiation cn
the @erobic microflora of potato
waste water contalning two percent
total solids,
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Figure 9, The effect of gamma irradistion on the
aerobic microflora of potato waste water
contalning three percent total solids,
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Flgure 10, The effect of gamma irradistion on
the szerobic microflora of potato waste
water containing five percent total
solids,
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Pigure 11, The effect of gamma irrsdistion on
the zercbile micrcflora of potato waste
water contalining ten percent total
solids,
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cure 12, The effect of gasmma irradiatior on the
aerobic microflora of potato waste

water containing fifteen percent total
solids,
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Figure 13, The effect of gamma irradiation on the
aerobic microflora of potato waste
water contalining twenty percent
total solids,
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Figure 14, The effect

fae erfect of garwa irradiation on

the cerobic micrcflora of potato waste
water containing thirty percent total
s0lidg,
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Co STATTSTICAL ANA

Comparison of Total Baecterisl Counts in Fotato -
Wagte UWaber at the Eight Different Levels of
Total Selids,

t

W
g

Avt analysis of variance tes ias performed Lo

A

intion

Jto

1 raa

fod

deftermine whether there was & difference
regletance of the organisms when the total solids
content of the potato waste water was raised,

The results indicated that there was no signif

s

cant difference in the raedistion resisgtarnce of

)

organisms at higher levels of total solide, (Appendix

The aversge temperature at which the potato-
waste water was irradizted 104°%F + IOF, No attempts

were wmade to control the bemperature of the potato-
aste water during irrsdiastion for it was felt that

ln commercial practice this would also be the case,
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MEGARAD TEMPERATULER TICOH
CELL 220 IREADI LIOM CH : LZF
IBRADIATION OF THE POTATO WASTE ‘wb TER

Irraciation Level Temperature
(Megarads) (°F)
0,0 82°F
0.5 103°F
1,0 104°%F
1.5 104°F

o
2,0 104 F




DISCUSSION




DISCUSSIOR

This study was imiti&ﬁed to identify the aerobic
microbial genera present before and after irradiation,

&

to examine the possibility of utilizing dossges of

on to destroy the microflora of potato

Cih
o
m
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waste water snd slso to determine whether various levels
of total solids in the potato waste water had an effect
on the radlio-resistance of the microflora present,

The results obtained in this study revealed that
icrococcus and Racillus were the nmost predominant
organisms found in the irradiated waste water, This is

quite easlily explained by the fzct thet both organisms
do predominate in soils, The population of organicems
pregent in potato waste water was derived from the
801l in this Study becsuse sterile water and sterile
equipment were used i zvugaout the study., The other
organlisms isolated in the study zsre slso found in soil
except Tor the geﬁer& Staphylococecus, The presence of
Staphylococcus may be explained by the fact thzt the
posatoes had wveen handled by human nands and may have
been contaminated with the ganism in this wmanner,

ATter the waste had been subjected to an irrsdia-

tlon dosage of 0,5 megarads a marked difference was
observed in the btotal percentsges made up by each genera

thie population, Pacillus becanme the predominent

40



Organism present in the population, This i1s due mainly
to the Bacillus genus's ability to form spores, Radio-
resistance of spore formers was zslso observed by

Pratt et al (1958), Kempe, Graskoski, and Gillies (1954),
Goldblithe and Proctor (1956), Wertheim (1959), and

ruly (1957) in their investigations. 'The fact thet

Ll

the micrococci wmade up as ls

K

ge & percentage of the
population ag observed nmay be expleined by the fact that
micrococcue organisms have been found to be the most
radio-resistant vegetative cells (Anderson, et al (1956))
iolds slso made up & congiderable proport of the'ﬁotal
population, This may =2l1so be explained by the fact that

molds are spore formers and that spores are more radio-=

reslstant than vegetative cells, HMoriarity (1950) found
certain wolds much more radic- stant than vegetative
bacterinl cells The other bacteria present wade up only
a small proportion of the total population, No radio-

registance characteristics should be contributed to
them., It is quite probable that the weste had not been

sitb jected to enough radiation t0 destroy all vegetative

D
ot
ot

The genera isolated after 1.0 megarads of irradia
tion was wmade up of 91,16 percent Buzcillus and 8,38

percent mold, Agaln Bacillus and molds are spore formers
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and thelr radio-reslsgiance may be explsined by Fratt
et al (1958}, Keumpe, Uraskoski, and Gillies (1954),
Goldblithe and Proctor (1956}, Wertheim (1959), and
Thornly (1957},

Bacillus wag the only genus lsolated after
1.5 and 2.0 megarads of gamma irradistion, The ability
of this genus to form spores and the resistance of
these spores to irradistion would account for this obser-
vation,
Holds were not Tound after dosages 1.5 and 2,0
megarads, This may bhe explalined by the fact that molds

ey

orm spores mainly as a means of reproduction although

they do have the ability to withstand certein environ=-
mental hazards such ss drought, Bacterial spores are

formed, however, mainly as a means of preservation

and are able therefore bto withstend more severe environ-

5

mental factors hazardous to the life of wmicroorganisms,

It was also observed during the investigation that
on occasion after 1,5 or 2.0 megarads there was no
surviving aerobic microflora, This may be explalned by

oy

¢t that different speclies of Bacillus have spores

£2
it

4‘\“

o
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he
with varying degrees of radio=-resistance, Briggs (1960)

reported that there is a difference in radiation resistance

etween speciesof the genus Bacillus, He reported that



some specles snowed non-linear inactivation curves while
others exhibited linear inasctivation curves, Deommellan
and Morowitz (1957) had similar findings, Curran (1951)

stated that the most resistant spores required sbout

200,000 Roentgens of Cathode ray energy for their

-

destruction while the corresponding value for the vege
tative cells required only ome quarter of that energy
level,

bunn, Campbell, Fram and Hutchins (1948) irradiated
large populations of soil organisms, They found that
bacterial spores could be greatly reduced in numbers of
2,0 megarads mclds and yeasts were generally destroyed
by 1.0 megarads., Vegetative cells were all destroyed
at dosages of less than 1,0 megarads of irradiztion,
Proctor and Goldblith: (1951) and Horiarity (1950)
published very sinilar results, The results of this
investigation compare well with the findings of these
authors

It should be mentioned that these organisms were

rradisted in g liouid medium and thet nmost of the total

Ha

r

0lids present in the potatc waste water wes derived

o

e

from the starch of the potatoes, Work done by Cunter

end Kohn (1958), Eldjarm and Phil (1961), Kempe (1963),



Hiven (1958), Proctor et al (1955), Shabyj et al (1965),

o
[42N
o

Grecz (1 ), and Anellis et al (1965) showed that

compounds such as glycerol, sodium formate, proteins,
acld carbohydrates increased the irradistion resistance
of microorganisms, This nay also account for the
observation on numbers of genera observed after 0,5
megarads of gamma irradiation, Hollaender et al (1951),
fioos (1952), and Riagini (1953) found similar res Sults,

Edwards et al (19534) and Morgan (1954) and
keed (1954) found that the rresence of proteins, nutrient
broth, ascorbic zcid and thiourea in a media increased
the radic-resigtance of bacterial spores. They noted,
nowever, that spores were less suscepntlble to prosective

influence of these compounds than vegetative cells,

An attempt was made during the investigation to
sensitize the microflors to irradistion, Sodium hypo-
chlorite and hydrogen peroxide added to potato  waste
water proved to be ineffective in sensitizing the
microorganisms, o attempt was made to sensitize the
microorganisms with organic peroxides, This could

ossibly be done in snother study,
The aﬂult of thils investigation show that most

01 the microorganisms are destroyed after 1,0 nmegarads,

]

From a commercial standpoint ,waste water that has been



irradiated st this level might be acceptable to be
recirculated Iinto the processing system, Algo if
sensitizers could be zdded to the waste to make the
organisms more susceptible to irradiation dosages of
less than 1,0 megarads might be used, The sensitizer
of' course would have to be 2 compound that would not
interfere with any pert of a processing systen,

A very important coneglderation here is the
possibility of organisms developing radio-resistance as
é result of exposure and recirculation, This could
influence the commercial vslue of such a practice and
also the level of irradiation ﬁhat has to be used to
asgure that radio-resistauce does 1ot occur,

The results of the investigation of various
levels of ftotal golids on radlo-resistance of micro-
organisms indicated that increased levels of total solids
did not offer more radio-resistance to the oréanisms
than lower levels, Results of this section did show,
however, that the inactivation curves oi the micro-
organisms were not linear, This has been explained by
Lawrence and Block (1968), They found survivor curves
to have thig distinct characterictic whenever samples
contained organisms of two digtinct levels of heat

registance, Since organigms of two distinct levels of



Le

acliation resistance vere present in the potato

1

water this is probably why the survivor curvesg
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SUMMARY

2

This study involved the effect of gamma irradistion

on the zerobic nmicroflora of potato waste water, The

futs

dentification of the aerobic microflora of the potato=
vagte water at various levelg of radistion dosapes
revealed that at dosages of (0,0 megarads the most funda-
mental organisms identified were micrococeci, Organisms
of the genus Bacillus also made up a wmajor portion of
the total number identified. Other organisms such ag
herobzcter, Corynebacterium, Erwinia, Sarcina, Strepto-
myces, and XanthomOnas made up only minor portions of
the microflora,

-

N

!-h

“ter dosages of 0,5 and 1.0 megarads Baclillus
specles became the predominant organism and after dosages
of 1.5 and 2,0 megarads they become the only organisms
Mogt of the wmicroflora was destroyed after dosages of
1.0 megarads,

The study of the rates of destruction of the
aerobic microbial flora of potator waste with total
s0llde levels varying from one to 30 percent subjected

%o garma irradiation revealed that there was

]

cant difference in the radiastion resistanc
at the higher levels of total solids, There apreared to

be two distinct rates of destruction of the microflora
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two digtinet levels of radiation resistance,
The addition of sodium hypochlorite and hydrogen

o

peroxide separately to the potato waste water proved

i)

to ne ineffective in sensitizing the serobic nicroflora

of the waste to gamsa irradistion,
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WA IRRADIATICN Ol THE AERORBIC
A OF POTATO  WASTE WATER A
OHE PERCENT TOTAL SOLIDS

3

IRIAL 1

Irrediation Level Total Count
(Megarads) Organisms/ml

e
oo
]
ot
<
(02N

0.0 6
0.5 3.9
1.0 | 1.7

et

o4
-

K
et
LI
V]

1
¥

1.5 0.8 x 10—
2.0 0

The organisms identi
S

ied in Trisl 1 were
igolated from this u

ki
ource,
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FARTSHS

TABLE

£

2

0.0 (HEGARADS)

A

gT’I&L 1

Genus No,Isolated Pervcentage of Total
Aerobacter L 8

Bacillus 11 22
Cornybacterium o b

Erwinia 6 12
Micrococous 16 32

Mold 1 b

o growth 3 6
Pseudomonas 3 6
Xanthomonas 2 L

Yeast 2 L n
Tobal 50 160

TABLE 3

f!D r\r'{' C' J ( x.ba ¢_fs v{}

UZ
St

Percentage

of Total

e

Bagilliug
winia
Micrococous

Holds

Jd

]
A

[\

o

o growth 4
fotal 50 100
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TABLE &

OHGANISHS ISOLATED AT 1.0 (MEGARADS)

TRIAL 1

Genus No, Isolated Percentage of Total

Total 17 100,00

TABLE 5

OHGANISMS ISOLATED AT 1.5 (MEGARADS)

Genusg No,Igolated Percentage of Total

Racillus 8 100

Total 8 100




TRIAT

Genus

TABLE 6

e dazae v
wEveT

56

uo growth




57

U{j 3

Irradiztion Level Total Count
{(Megarads) (organisms/ml)
0.0 k.9 x 102

0.5 7.3 x 10T

1,0 2,3 x 10t

1.5 0.8 x 10+

2,0 0.8 x 10t

nisme ldentified in Trisl 2 were isolsted

The organls
is source,

fv
from ©h



TAELE 8

va

OBGANISHMS ISOLATED AT 0,0 MRG

THIAL 2

58

Genus No,Isolated Percentage of Total
Aerobscter 3 6
Alcaligines 1 2
Bacillus 12 24
Corynebacteriun 2 L
Erwinia 3 6
Micrococcus 20 40
Holds 1 2
Proteus 2 &
Pseudomonss 2 &
Staphyloceccus 1 2
et homonza g 1 2
Yeasts 2 4
Total 50 100




THIAL 2

ORGANIS

59

TABLE 9

M5 ISOLATED AT 0,5

HEGARADS

fenus

No,Isolated Percentage of Total

Aerobacter
Alcsligines
Bacillus
Micrococeus

nx

Mold

s

Ho growth

=

64
12

12

Total

of

50 100

THIAL 2

TABLE 10

£

ISOLATED AT 1,0 MEGARADS

:
A

(leniug

No,Isolated Percentage of Total

Bacillus

Mold

20
3

86.95

13,05

23 100,00
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TRIAL 2

TABLE 11

SHS ISOLATED AT 1,5 MECARADS

v e ——_— o

Genus

o S —

el

Ko,Isolated Percentage of Total

Baeillus

8 100

Total

8 1060

TABLE 12

ORGANISHMS ISOLATED AT 2,0 (MEGARADS)

THIAL 2

Genus

Ho,Isolated Percentage of Total

1o growth




ON THE
, Wlb’E
TOTAL &

THE BFRECY
MICROE
CoH

TRIAL 3

61

Irradiation Level Total Count
{Megarads) {organisms/ml)

.0 2.2 % 10°

4,1 x 102
1

1

#]

0.5

1,0 2.9 x 10
1.5 1.3 x 10
20

0.6 x 10+

The organisms identified in trizl 3 were isolsted
from this source,

TAFRLE 14

ORCGANISHS ISOLATED AT 0,0 MEGARADS

Genus Ho,Isolated Percentasge of Total

Bacillus 16 32

Corynebacterium 2 &

Erwinia 2 4
Micrococous 17 34

-
o

Mo gzrowth

Paeudomonas

Sarcing

p)
&t
me
G
]
<t
o
=
s Q
@
o
AW L = Wn
o

Xanthomnonas

Total

Uy
<

106




TABLE 15

ORGANISHS ISOLATED AT

TRIAL 3

enus

Ho.Isolated

Percentage of Total

No growth

Lly

NN

88

=

Total

50

166

TABLE 16

ORGANISHS ISOLATED AT 1,0 MEGARADS

Genus

No,Isolsted

Percentage of Total

Bacillus

Mola

26
3

89.65
10.35

29

100,00

62
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TAELE 17

ORCANTSHS ISOLATED AT 1.5

no,Isgolated Perceutage of Total

100

13

Percentage of Total

100

{62

Bacillus

160

Total




TAELE 19

EFFECT OF CGAMMA . O THE AEROEBIC
@IC&OPI&L FLOE ATQ ;ﬁ&“? WATER
IPATHING ORE iibC “rf TOPAL S0LIDS

TRIAL L

Irr&diatiom Level Total Count
(Meparads) (organisms/ml)

N

O = =
@ -] Q
TRV TR S B

¢ b »d

et ot

o o

U

©

)
E;’\%
.
T

g identified in Trizl 4 were isoclsted

The o z
source,

g
ifrom &

ganls
his



ObGANISHS ISCLATED AT 0.0

TRIAL &

TABLE 20

MEGARADS

65

enug No.Isolated Percentage of Total
Aerobacter 1 2

Alealigines
Arthrobacter
Bacillus

cscherichia

f

LovhomOnasg
Micrococcus
Ho growth
Pgeudomonasg
sStreptomyces
Xanthomonas

Yeast

-
2N [iand

T

20

N = W

4

RS T [0 TN N

Total

100




TRIAL 4

ORGANISHS ISULATED AT 0,5 MECARADS

Genus

o
Q
el
)
ot

No,Isolsted Percentazge of

Bacillus
Microcoaous
Mold

Mo growth

a2
A T & LV ) G v AN

Total

50 100

TABLE 22

ORCGANISHS ISOLATED AT 1,0 MECGARADS

No.,Isolated Percentage of Total

18 -
1 -

19 100,00
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ORGAHISHS ISOLATED AT 1,5 MECABADS

Ho,Isolsted Percentage of Total

Hacillus

12 100

Total

12 100

TRIAL 4

TABLE 24

OBGANISHS ISOLATED AT 2,0 MEGARADS

{fennus

No,Isoclated Percentage of Yotal

3 160

160

(]




THE BEFFECT
MICEO]

0K THE
\STE WATER
e nf)L'l &S

THIAL 5

Total Count
(organisms/ml)

0.0 8.8 x 10°
5 4,3 x 102
0 2,1 x 10%
o5 1.8 x 10
0

0.2 x 10

-]
The organisms identified in Trial 5 were
igolated from thnis source,




TABLE 26

OHCANISMS ISOLATED AT 0,0 1

Genus No.Isolated Percentage of Total
Aerobvacter 2 4

Baclllus 10 20
Corynebacteriun 1 2
Flavobacterium 2 4
Micrococcus 18 36
Mold

Ho growth

W

Poeudomonas

Sareina

&=
Rl N N

N

Staphylococcus

Streptomyces

PN
w &=

Yeast

Total 50 166

O



ORGANISMS ISOLATED AT 0,5 MEGARADS

Genus o, Isolated Percentage of Total

Bacillus 39 78
Micrococous 1 2

Mold

o

Ho growuth 6 12

Total 50 100

TABLE 28

ORCGANIEMS ISOLATED AT 1,0 MEGAEADS

JRIAL 5

Genusg No,Isolsted Percentage of Total

PFacillus 21 100

Total 21 100




TABLE 29

ORGANISHMS ISOLATED AT 1,5 MEGARADS

TRIAL 5

Genus No,Isolated Percentage of total

Bacillus i8 100

Total 18 | 100

TABLE 30
ORGANISMS ISCLATED AT 2,0 HEGARADS
]

PRIAL 5

Genus No,Isolzated Percentage of Total

Hacillus 2 100

Total 2 100

~J
[—.\6



TABLL 31

¢ EFFECT OF GA
MICEOBIAL FL
COLL

'ER
S

TRIAL 6

3

Do

Jrradistion Lewvel Total Count
(Megarads) (organisms/ml)

$.1 x 107

4.8 x 10°
1

2.0 X 101

0
5

1.0 2,2 x 10
5
0 1

1.6 x 10

The organisms i
isovlated from th
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TABLE 32

ORGANISHS ISOLATED AT 0,0 MEGARADS

TRIAL 6

Genus Ho,Isolated Percentage of Total
Aerobacter L 8
Arthrobacter 1 2
Bacillus 5 10
Erwinia 5 10
Lophomonas 2 L
Micrococcus 25 50
o growth 2 4
Proteus 1 2
Sarcine 1 2
Staphylococcus 1 2
Xenthomonas 3 6

Total 50 100




}o{j
H)
el
Q
@
g&
5}3
[§)]
o}
=y
-
Q
ot
o

Arthrobacter

Bacllius

Lo

Micrococcus

Mold

No growth

Total

50

160

THIAL 6

TABLE 34

OHGANISHMS ISOLATED AT 1.0 WMEGARADS

e

Uenug

Ho,Isolated

Percentage of Total

20

AN]

90.91

9.09

av]

A

106,06




TABLE 35
RADS

g
A

ORGANTISHS ISULATED AT 1,5 MRGS

TRIAL 6 ~
Ho,Isolated Percentage of Total

1

—

fenus
20 100

Bacillus
100

N
~
]

Total

TABLE 36

OHGANISHS IBOLATED AT

Ho,Tsolated

enus
16

Bacillus
16 106

Total
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TABLE 37

THE THE AEROBIC
L WATER

SOLIDS

Total Count
(organisms/ml)

0 8.1 x 106
L,

X 103
10t

°
o = o
bad

4

10t

o

S n
ot
o

The organisme identified in Trisal 7 were isclated
from this source,



ORGANISHG

TRIAL Y

TABLE 38

ISOLATED AT 0,0 [E

FARADS

Genus

Ho,Isolated

Percentage of Total

Arthrobacter
Bacillus
Erwinia
LophomOnasg
Micrococcus
Molds

Ko grouth
Sarcina
Staphylococcus

Yeasts

10

ot

26

I N UC S SN

20

v}

52

=

N N OOV N

Total

100




ORGANT SHS

TEIAL 7

oo
[}
o4
0
:,5
o
I~
0n
&)
e
o
ot
0]
[o]]
g
6]
]
[
i
i
jau
o
G
'
=3
o]
[}
%
ot

Bacillus L7 ol
Micrococcus 1 2
Mold ‘ 1 2

No growth 1 2

Totsl 50 100

TABLE 40

OHGANISNS ISOLATED AT 1,0 MEGARADS

THIAL 7

Genus No,Isolated Percentsge of Total

Bacillus 17 80,92

Mold & 19,08

Total 21 100,00
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O

FARADS

o s
weces e

.

Genus Ho,Isoclated Percentage of Total

Baeillus 10 100

10 100

v
]
cwtv
&
;‘-—‘

TABLE 42

ORCANISHS ISOLATED AT 2,0 VMEGARADS

TRIAL 7

o N

Genusg Ho,Isolated Percentage of Total




<o
s

THE AEROBIC
TR WATER

Irradiation Level
(Megarads)

Total Count
(organisms/ml)

1.5
2,0

9.3 % 107

6.1 x 102

2.8 x 101

2ol X 10i

The orgenlsms
isolated from



TABLE Ui

<
2
Ho
=
]
o
1

TEIAT 8

SOLATED AT 0,0 [

SGARADS

Genus No,Isolated

Percentage o

i

Total

Aerobscter 1
Arthrobacter 1

Bacillus 11

Corynebacterium 1
Erwinia 1

¥icrococous 22
Ho growth
Paeudomonasg

Streptomyces

oW owow

XonthomOnas

iy

aw O O O

Tots 50

100




o
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TABLE &5

e . by e e
50 AT 0,5 MECARADS

OBGANISHS ISCLATED AT 1,0 HEGARADS

s soemrme e waces st
———— sk e e ipb it s

No,Isolated Percentage of Total

26 92,82
1 3¢ 59
1 3.59

28 100,00




£ en
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TABLE 47
EOARADS
TRIAL &8
Genus Ho,Ilsolated Percentage of Total
Bacillus 22 100
Total 22 106




8

TABLE 49

CHERCT OF

HE AFXEOBIC

LIQPUbldL iﬁ wAS@? HATER
CONTATHIN NT TOTAL S80LIDS

TRIAL R
Irradiation Level Total Count
(Megarads) {(organisms/ml)

0.0 7.8 x 107
0.5 L,9 x 102
1.0 1.7 % 101
1.5 1.2 x 10%
2.0 0,1 x 10%

The orgauisms identified in Trisl 9 were isolszted
from this SCUTCE .,



TABLE 50

UHGARISMS ISBOLATED AT 0,0 MECGARADS

TRIAL 9

Genus Ho,Isolated Percentage of Total

feed
N

Alcegligines
Arthrobascter 1 2

Pacillus 12 2l

™

Corynehacterium 1
¥lavobacterium 1 2

Micrococcug 22 iy

ey

o growth
geudomnonas
Sarcina
Streptonyces
Xanthomonas

Yeast

W W =y R e
N ST NI SU

Total 50 100




TRIAL 9

ORCGANISMS ISOLATED AT 0,5 MEGABADS

Genug

Ho,Igolated Percentage of Total

Bacillus
Micrococaus
Mola

Ho growth

173 8

Total

50 1060

TRIAL 9

TABLE 52

ORGANISMS ISOLATED AT 1,0 MEGARADS

Genus

No,Isolated Percentage of Total

Hacillus

#Mold

19 25
1 5

Total

20 100

86



OBGANISHS

TABLE 53

ISCLATED AT 1,5 MEGARADS

=

Percentage of Tota

ot
==

1

100

12

100

THIAL 9

TABLE 54

ORGANISHS ISOLATED AT 2,0

¥
¥

H
g

gkt

MEGARADS

genug

Percent

age

of

Total

Pacillus

100

10¢




FEE PAMMA IRRAI L TATION
: <IC£LOLIHL PLOWA OF POTA r*\O
CONTATHING ONE Prﬂ BCENT

TRIAL 10

Irradiation Level
(Hegarads)

Total Cou&t

(organiems/ml)

0.0
0.5
1.0

1.5
2,0

7e3 X
L.8 x
1.5 x
1.1 x

0

106

The organisms identified in Trial 10 were

isolated from this source,
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OHCGANISMS ISOLATED AT (0,0 NECARADS

YRIAL 10

Genusg ¥o,Igolated Percentage of Total

Aerobacter 1 2
Arthrobacter 1 2
Bacillus 22 bl
Coryunebacteriun 1 2

Erwinia 1 2

-]
™o

Flsvobacterium

Micrococous

N @
=t
o

Mold

a

Ho growth

)
e}

Pseudomonas

Streptonyces

e

(anthomonas

S N
o

Yeast

Total 50 100




TABLE 57

SOLATED AT ¢,5 M

O
o

TRIAL 10
Genus Ko.Isolated Percentage of Total
Bacillus 36

Micrococous 2

Hold 11

Streptomyces 1

72
4

22

Total

50

160

TABLE 58

ORGAHIBHS IS0LATED AT 1,0 MEGARADS

Genus Ho,Isclated Percentage of Total
Bacillus 14 93,24

Mold 1

6.76

Total

15

160,00




TABLE 59

ORGANISHS ISOLATED AT 1,5 MEGARADS

TRIAL 10

{enus ‘ No,Isolasted Percentage of Tots

Bacillus 11 160

Total 11 100

TABLE 60

ORCGARIBMS ISOLATED AT 2,0 ARADS

TRIAL 10

Ho growth




TABLE 61
Tl EFFECT OF GAMMA ILBADIATION ON
WASTE WATER CONTATNING ONE PE

L AEROEIC FLOEA OF POTATO
CENT TOTAL SOLIDS

™
°
<

TRIAL 0,0 0.5 1,0 1.5

10t
101

X 10%
x 10

10t
10d

107 3,90
102 L.20
1&2 0.46
10 0.41
0. 44
102 0,51
103 0,50
102 041
102 046
107 049

[
b

LSRN
o~

] 10
10% .
1 10 0,2 x 10t
10

10l
10
10+
10%

10l
10t
10l 0
10l 0

© L] L] o [ o L L] e

Bt I O 00N N O

B OB b M MKW

1
10
10t

e o ® © © s © © o0 ©
BB BB MK MR M

")

o

A
WOk oMM MK MMM

—

o C

AL AUV
SN O NP N O
O OO b O N O
e © ¢ 0o a o © e © o
3 BN NN O IO
MMM N M MM MM
MM OOOM O OO

NI CVW =3 OV DNI~E N

-

1.178 x 103

\J
-3
W
fod
el
o
W

10 10

<
°

[av]
| ad
4

x 10

N
°
92N
o
]

Average

o
°
O
N
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TABLE 62

THE EFFECT OF GAMMA IRRADIATION Oi THE AFROBIC FLORA OF
POTATC  WASTE WATER CORTAINING 5 PERCEHT TOTAL SCLIDS

IKRADIATION LEVEL (MEGARADS)
NUMBER OF ORCANISHS /UL

Trial 0,0 0.5 1,0 1.5 0,0
L, 1.9 x 102 3,8 x 100 4,5 x 108 1,6 x 10 0
2. 6,9 x 103 4,0 x 109 6.0 x 10t 0.2 x 101 0
3. 22,0 x 102 4,6 x 103 3.8 x 101 1.6 x 101 1.2 x 10t
L. 5.9 x 105 0,37x 103 2,9 x 10% 1,1 x 10t 0
5, 7.0 x 109 0.35x 103 2,2 x 101 0.2 x 101 0
6, 3,7 x 103 4,7 x 103 2,1 x 10l 1.8 x 104 0
7. 6.1 x 109 0.50x 103 2.6 x 101 1.2 x 10 0
8. 5.6 x 105 0.39x 103 1.6 x 101 1.3 x 10t 0
9, 7.2 X 102 0.09x 102 2.2 x 108 1.2 x 103 0.9 x 10%
10, 6.7 x 109 0.56x 103 1.9 x 101 1.4 x 10t 0
Average 7.30% 107 1.98 x 103 2,98x 10% 1,16x 101 0.21x% 103




TABLE 63

THE EFFECT OF GAMMA IRRADIATION ON THE ABROBIC FLOEA OF
UPATO  WADTE WATER CORTAINING 3 PERECENT TOTAL SOLIDS

IBBADIATION LEVEL (WEGARADS)
NUMBER OF ORGANISWMS/ML

Prial 0.0 0.5 1,0 1.5 2.0
1 8.1 x10° 3.3 x10% 6.6 x 10t 2.2  x 10t 0
2 L.,8 x 102 3.6 ¥ 102 5.3  x 10t 2.2  x 10t 0 4
3 5.9 x 102 3.7 x 102 L.2 x 10 1.5 x 10k 1,2 % 10
I 8.7 x 105 L.9 x 102 6.6 x 10% 2.6 x 10l 0.3 x 10+
5 5.7 x 109 5.6 x 102 .2 x 10l 1.9 x 10} 1,1 x 10t
6 5.9 x 105 7,1 x10% 2.7 x 10}  1.h i 10d 1.0 x 10t
7 7.6  x 102 3.9 x 102 2.7 x 101 1.9 x 10t 0
8 3.4 x 105 5.0 x 102 h,2  x 10l n 0
9 L,9 x 102 3.6 x 102 1.9 % 10l 1.4 x 101 0 4
10 1.8 x10° 3.4 x102 2.9 =x10% 1.7 x 10l 0.2  x 10
Average 5,68 x 109 Lobl  x 102 k,13 x 101 1,68 x 101 0,38 x 10t

6



Trial

THE BEFEC
PUTATO

T OF G
WASTE

TABLE 64

in IRHADTATION ON THE AEROPIC PLORA OF
Bl CONTAINING 5 PERCENT TOTAL S0LIDS

ATIO
5 OF CRGANISHS /ML

0.5

N LEVEL (MBGARADS)

1.0 1.5 2,0

OO O3 v W o =+

pot

Average

1,09

1.65

1.25
14,1
15,2
14,

U O W
a L] [ -
ot

ad

Al

PR B R M M MM

b

102 1.6 x 10t 0 o
102 1.7 x 101 0 0
102 2.1 x 10t 1.1 x 10t 0
102 1.6 x 10l 1.4 x 10t 0
102 2,9 x 1ol 2.1 x 10+ 0
10% 2.9 x 1ol 0 0
102 2,1 x 10 o -
102 2,1 x 10} 1,1 x 101 0.9 x 10
102 2,7 x 101 2,1 x 10} 1.3 x 101
102 0.7 x 10t 0.1 x 10t 0

10t 0,22 % 10

N
-4
o
e
®
bt
<
fod

o)
L4
-3
o
74

102




TARLE €5

Trisl 0ol o0
1 1.25 % 109 1.2 x 102 b,2 x 10t 1.6 x 10% 0.9 x 10-
2 1.00 x 105 2.8 % 10° 3.9 x 101 2.1 x 10t 1.6 =x 10l
3 0,98 x 105 L,2 x 102 3.5 x 101 2,1 x 103 0.3 x 10%
L 3.4 % 105 5.0 x 102 L,2 x1¢l 2.0 x 10+ 0.7 x 101
5 L.g x 105 3.6 % 102 2.7 ~x 101 1.9 x 10l 1.2 x 10t
6 0.42 x 105 0,70 x 102 2.9 x 10% 2.0 x 10% 1.6 x 103
v 0.58 x 103 0,65 x 102 2.1 x 10l 1.0 x 1k 0.2 x 10i
8 0,72 x 103 6.76 x 102 2.3 x 10} 0.3 x 10% 0.1 x 1ot
g 0.62 x 105 G.78 x 102 1.6 x 10t 6.9 x 10+ 0.2 x 10t

10 0.6 x 105 0.61 x 102 1.1 x 101 0.9 x 108 0

Average  1.46 x 10° 2.03 x 102 2.85 x 10% 1.48 x 10t 6.68 ¥ 101




TABLE 66

THE ERFECT OF GAMMA IREADIATION ON THE ALRCBIC PLOBA OF
POTATO . WASTE WATER CONTAINING 15 PERCENT TOTAL 20LIDS
ATION LEVEL (¥EGARADS)
OF CRGANISHS /ML
Prial 0,0 1.0 1.5 2.0
1 18,0 x 102 4,9 x 102 1.6 x 10t 1.4 x 10t o
2 9.7 * 102 1.25 x 102 1.7 x 10t 1.3 x.-10% 0.2 x 10
3 6.9 x 10 1.84 x 10% 2.1 x 10t 0 o 4
Lo 1.55 x 106 L6 x 10 1.6 x 101 1.2 x 101 0,1 x 10
5 1,68 x 106 5.0 x 102 2.4 x 101 2.6 x 10% 0
6 0,99 x 109 6.6 x 10 1.7 x 104 0.3 x 10t 0
7 1.21 x 10§ 6.7 x 102 2,9 x 10} 1.6 x 10 ¢
8 1.87 x 109 8.4 x 102 1.9 x 101 1.3 x 10 0,9 x 10
9 0.56 x 109 L,8 x 102 2.2 ¥ 10} 1.1 x 1ot 0
10 1.89 % 10 8.1 x 102 1.6 x 10t 1.2 x 10t 0
Average b4l x 108 5,23 x 102 1.97 x 101 1,00 x 10t 0.12 x 10t

46



TABLE 69

HUITY WO v s
THE EFTFRECT OF ¢

1
POTATO

A IBRADIATION ON THE ATROBIC FLORA OF
~
LA

WASTE WATER CONTAINING 20 PERCENT TOTAL SOLIDS
IRRADTATION LEVEL (MECARADS)
HUMBEE OF ORGANISMS/WL
Prial 0.0 0.5 1.0 1.5 2.0
1 180,00 x 1@2 12,4 x 102 2,1 x 10t 1.6 x 10t 1.2 x 10t
2 0,58 x 10 0.4 x 1062 2,1 x 102 c.6 x 101 0
3 220,00 x 106 s0.0 x 102 3.8 x 101 o . o
I 1.21 x 102 1.4 x 10 1.4 x 10t .1 x 10+ o
5 1.7 x 10° 3.9 x 102 2,0 x 10+ 1.3 x 10+ o
& 5.8 x 106 L.,2 x 102 1.2 x 10t 1.1 x 103 0,6 x 10
7 1.2 x 106 0,61 x 102 1.6 x 10t 1.3 =x 10d 0
8 1.8 x 102 1.21 x 102 1.4 x 10t 1.1 x 10% 0,9 x 101
9 0.78 x 10 0.63 x 102 2.1 x 10} 1.6 ¥ 10% o
10 0.93 x 10 1.1 x 102 1.6 x 10t 1.6 x 10 ¢.3 x 10
Average  U1.,b x 10° 7.59 x 102 1,93 x 10t 1,03 x 10+ 0,30 % 10%
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TABLE 68

OBIC FLORA OF
LOTAL SOLIDS

Trial 0,0 0.5 1.0 1.5 2,0
1 1,24 x 109 8.9 x 107 3.9 x 10t 2,0 x 10 1.6 x 10i
2 3.9 x 102 9.9 x 107 L6 x 10l 1.6 x 10l 1.3 x 10%
3 0.61 x 103 L8 x 102 2.9 x 10k 2.1 x 10k 0
b 1.6 x 103 8.k x 102 2.5 x 10k 0.4 x 10% o
5 9.4 x 102 1.25 x 102 1.9 x 10% 1.4 x 104 0.4 x 10
6 9,6 x 109 5.1 x 102 2.2 x 10+ 1.9 x 1ot 0,3 x 10t
7 1.92 x 109 7.2 x 102 6.7 x 10% 2,2 x 103 0,1 x 101
8 7.8 x 105 8.8 x 1072 1.5 x 10t 0,3 x 10 0
9 12,5 x 105 4,3 x 102 2,2 x 10} 0.6 x 10t 0.4 x 10
10 6.9 x 102 1.27 x 102 1.7 x 10% o 0
Average 5.5 x 109 5.99 x 102 3,03 x 10% 1.23 x 101 0.1 x 10°

G



TRRADIATION il

Source of SE
Variation DE oS5 Ui ¥ Diff,
Replications 9 0,636 0,071 2,045 0.038

A

Total

7 0.407 0.058
3 2,193 0,731
21 1,149 0,055
279 70941 0,028

25,684 0,027
1,923 0,075

rd error 0,169
seient of veriation 0,169

® F values significant

A~ totbal wolid levels

B - irradiation levels



