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ABSTRACT 
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ii 

Six genera of bacteria, Flavobacterium, Brevi

bacterium, Escherichia, Salmonella, Arizona, and Staphy

lococcus were isolated from a laboratory population of 

Hydra pseudoligact:.s fed Artemia nauplii. The population 

of total bacteria and the percentages of each kind remain 

constant with time. A significant difference exists between 

the types of bacteria most closely associated with the in

side and outer surface of the hydra itself and with the 

culture media. The genera Salmonella and Arizona are the 

most prevalent bacteria in the media: 50 ~ 2%. Flavo

bacterium (orange) are the most prevalent on the hydra's 

outer surface: 78 ± 1%. Flavobacterium (yellow) are the 

most common on the inside of the hydra: 78 ± 1%. 
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CHAPTER I 

INTRODUCTION 

Hydra have served in the investigation of biological 

phenomena from the outset of their discovery by Antony van 

Leeuwenhoek (1632-1723) in 1702 (Debell, 1960). Abraham 

Trembley (1710-1784) published in 1744, the first controlled 

experiments on hydra, including regeneration, the first suc

cessful animal grafting experiments, the first investigations 

of phototaxis in lower invertebrates, the first vital stain

ing of tissues, and thorough proof of asexual reproduction 

by budding (Lenhoff and Loomis, 1961). As a result of cut

ting the polyps lengthwise, into sections, and not completely 

through, Trembley produced a polyp having seven "heads" and 

as many bodies, but only one "tail", which he compared to 

the many-headed mythical monster, Hydre of Lernea. This was 

the first use of the word 'hydra', by which the animal is now 

known. Later Linnaeus used the word as a generic name 

( Lentz , 1 9 6 6 ) • 

Hydra are small, 3 mm to 5 cm long, tubular shaped 

common freshwater coelenterates with a mouth, surrounded by 

six to ten tentacles, which opens into a saclike gastrovas

cular cavity (Lentz, . 1966). The hydra, having six basic 

cell types, is a bicellular leaflet of ectoderm and endoderm 

separated by a non-cellular mesoglea, which supports the body 
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and tentacles (Lenhoff and Loomis, 1961). 

Usually small crustaceans such as daphnia and cyclops 

or small annelids serve as food for hydra. Food brought 

into the digestive cavity is partially broken down by prote

olytic enzymes (Beutler, 1924) and ingested by digestive 

cells. Protein digestion is completed intracellularly 

(Lenhoff, 1961a). Undigested remnants such as chitinous 

exoskeletons are ejected, as a cohesive bolus, through the 

mouth five to six hours after feeding. 

Growing hydra in the laboratory in solutions of 

known composition according to the methods of Loomis (1954) 

is a development that has enabled investigators to experi

ment with hydra under controlled and rigorous conditions. 

There are at least three innate qualities of hydra that 

make them ideal for certain biological studies: (1) the 

genotype of the animal is constant when animals descending 

from a single individual by budding are used; (2) the small 

size of hydra and lack of skeleton lend them to many quan

titative techniques (Lenhoff, 1961b; Lenhoff and Loomis, 

1957); and (3) their lack of a definite self-regulated 

internal extracellular fluid. The culture solution, in 

place of this fluid, can be regulated and controlled by the 

experimenter. 

Much of what is known today about organization, in

duction, gradients, polarity, and other growth and regen

eration phenomena resulted from research on hydra. Hydra 

have served as experimental organisms for studies on feeding 
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response (Loomis, 1955; Lenhoff, 1961a; Forrest, 1962; 

Burnett, 1963), aging (Strehler, 1961), regeneration (Eakin, 

1961), growth factors (Spangenberg, 1961), sexual and 

cellular differentiation (Loomis, 1961; Slautterback and 

Fawcett, 1959), epithelial cell interactions (Wood, 1961), 

pain and sting factors (Welsh, 1961), and ecology (Schroeder, 

1969; Forrest, 1963; Slobodkin, 1964; Stiven, 1962). 

Hydra release into the media a significant portion 

of ingested energy in the form of dissolved and particulate 

organic material (Poddar, 1972). A slime consisting of 

sloughed cells, egested boli, and other wastes forms on the 

bottom and sides of the culture dish. These substances 

then become a source of potential energy within the hydra 

culture community. The appearance of "cloudy" culture 

media, due to the excess accumulation of these organic 

materials, increases the bacterial population and effects 

a decline in the general health of the hydra population. 

It is conceivable that bacteria present in the hydra culture 

may influence many or all of the hydra's physiological 

activities including growth, respiration, regeneration, 

aging, and sexual differentiation, which is controlled 

externally by the media (Loomis, 1961). However, bacteria 

present in the culture media, are not a source of signifi

cant error in experiments measuring absorption and excre

tion of dissolved organic and inorganic materials (Poddar, 

1972). 

Although the ecological importance of bacterial 
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communities is recognized (Odum, 1959), there is to date no 

accumulation of data concerning the identification and 

distribution of the bacterial community associated with the 

hydra and its laboratory environment. This environment may 

differ between the inside and outer surface of the hydra 

and cause a difference in the size and structure of the 

bacterial community associated with the inside and outside 

of the hydra. Non-motile bacteria are most likely to pre

dominate on the surfaces of the hydra and the culture dish. 

Thus, this study is descriptive in nature and two

fold in objective: first, to isolate and identify the bac

teria associated with hydra and hydra cultures, and second, 

to determine relative distribution of the bacterial community 

associated with hydra and the culture media. 
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CHAPTER II 

MATERIALS AND METHODS 

A stock culture of Hydra pseudoligactis was main

tained in laboratory culture at 16°c ± 1°c according to the 

methods of Loomis (1953) and Lenhoff and Brown (1970). A 

corresponding maintenance and temperature chart was kept 

(Appendix B).L Bacteria were collected from the culture 

media1 by means of the membrane filter technique (Standard 

Methods, 1971). Prior to feeding, two 1 ml samples were 

taken from the center of the culture dish at a depth 

approximately halfway between the surface of the media and 

the bottom of the culture dish. These 1 ml samples of media 

were serially diluted to a concentration of 1:10,000 using 

a sterile system of four 16 mm capped test tubes contain

ing 9 ml sterile hydra media. All dilutions were made with 

sterile 1 ml pipettes. A 1, 2, and 5 ml sample of each 

1:10,000 dilution was transferred respectively into three 

sterile 15 ml Millipore apparatus funnels, and a 3 ml 

sample of each 1:1,000 dilution was transferred to a fourth 

sterile Millipore funnel. Each funnel was previously fitted 

with a 24 mm Millipore membrane having a 0.45 u pore size 

(Millipore, 1969). Membranes were aseptically transferred, 

110-3N CaCl , l0-4N KCl, l0-4N NaHC0
3 

in distilled, 
deionized tt2o. 2 
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using alcohol dipped forceps, to 20 ml Brain Liver Heart 

agar plates (Difeo, 1953). Four replicates were incubated 
o· 

at 16 C, 48 hrs. and four replicates at 30°c, 24 hrs. In 

experiments in which the presence of the genera Escherichia 

or Staphylococcus were to be determined, the membranes were 

incubated on Eosin Methylene Blue (EMB) agar and Staphy

loogccus 110 Medium respectively. Also, a 1 ml sample of 

a 1:10,000 media control was filtered and incubated accord

i ng to the procedure given above . After incubation all 

plates were examined under a binocular scope at lOx and 

total colony counts were made for each replicate. The 

number of each type of colony was also counted on the basis 

of color: white, orange, yellow, beige. This experiment 

was performed twenty-five times on different days (Appendix 

A). 

Bacteria associated with the outer surface of the 

hydra were washed from single unbudded hydra. Each hydra 

was transferred, using sterile forceps, from the stock 

culture, prior to feeding, to a capped sterile 16 mm test 

tube containing 10 ml of sterile hydra media. The hydra 

was agitated gently for 15 seconds using a Vortex Junior 

mixing apparatus. Each hydra was washed a total of three 

times, being transferred from one test tube to the next 

using sterile forceps. 1 ml of each 10 ml wash and a 

media control, without dilution, was filtered, plated, 

incubated, and counted as described above. 

Bacteria inside the hydra were collected by crushing 

the "washed" hydra, from the previous procedure, in a sterile 
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15 ml pyrex .glass tissue crushing apparatus containing i ml 

sterile hydra media. The hydra was maneuvered so that it 

rested on the side of the tubular mortar rather than at the 

bottom. The crushing pestal was turned three times, the 

last time with a quick upward motion. This sample, contain

ing the ground hydra tissue, was rinsed with 9½ ml of sterile 

hydra media into a sterile 12 ml conical centrifuge tube, 

resuspended and centrifuged .on a standard seriological 

t able-top laboratory centrifuge (International Clinical 

Centrifuge, Model CL), at half speed for three minutes. A 

1 and 2 ml sample of the resulting supernatant were filtered. 

The remaining supernatant was decanted. The tissue was 

resuspended in 10 ml sterile media, centrifuged for three 

minutes at half speed, and al ml sample of the second super

natant was filtered. The second supernatant was then decanted. 

The remaining crushed hydra tissue was removed, with a mini

mum amount of sterile media, from the centrifuge tube using 

a sterile 1 ml pipette and filtered. All samples, including 

a media control, were plated, incubated at 30°c, and counted 

as described above. 

To evaluate the effectiveness of the washing and 

crushing technique, to determine the bacteria on the outer 

surface and inside of a hydra, a second unbudded hydra was 

removed, using sterile forceps, from the stock culture, 

prior to feeding, to a capped sterile 16 mm test tube con

taining 10 ml of Zephiran Chloride (1:750) disinfectant. 

The hydra was agitated gently for 10 seconds using a Vortex 

Junior mixing apparatus. The hydra was transferred, us i ng 

t.OUNGSJOWN STATE UNIVERSllJ 
ILIBRW 

2.88868 



sterile forceps, to a capped sterile 16 mm test tube con

taining 9 ml sterile hydra media. It was washed a total 
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of three times and crushed, and samples were filtered, 

incubated, and counted according to the procedure described 

above. A control of½ ml sterile hydra media was used in 

all hydra crush experiments. These experiments were done 

twenty-five times on different days, coinciding with the 

media sampling experiments (Appendix A). 

The streak plate m~thod was also employed to deter

mine bacteria associated with the slime layer covering the 

surfaces of the hydra culture dish. A flamed wire inocu

lating loop was streaked across the bottom of the stock 

culture dish several times. Two Brain Liver Heart agar 

plates were streaked with this inoculum. One plate was 

incubated at 16°c, 48 hrs., the other at 30°c, 24 hrs. On 

the basis of colonial appearance, colonies were isolated, 

and pure cultures were made for identification. This 

procedure was performed six times on six different days. 

Basic microbiological procedures for isolation, 

culturing, staining, and biochemical testing were employed 

in the identification of bacteria (Bradshaw, 1963). The 

bacteria were identified to genus by verification of test 

results according to Bergey's Manual of Determinat ive 

Bacteriology (1957). 

Morphology of each type of bacteria was noted 

according to its colonial appearance: size, color, edge, 

consistency, and odor. Also, spore, capsule, acid fast, 

and Gram stains were made. The physiology of each type 
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of bacteria was tested by the fermentation of the following 

sugars: adonitol, arabinose, cellobiose, dextrin, dextrose, 

dulcitol, fructose, galactose, inositol, inulin, lactose, 

maltose, mannitol, melibiose, raffinose, rhamnose, salicin, 

sorbitol, sucrose, trehalose, and xylose. The following 

miscellaneous tests were performed: catalase, citrate, 

coagulase, gelatin, H2s, indol, litmus milk, motility, 

methyl red, Voges-Proskauer, nitrate, oxidase, oxygen, 

starch, temperature, urea, O.N.P.G. (o-nitrophenyl-B-D-

galactopyranoside), P.D. (phenylalanine deaminase), L.D. 

(lysine decarboxylase), and C.O. {cytochrome oxidase). The 

following special media was employed: Mannitol Salt Agar, 

MacConkey's Agar, EMB (Eosin Methylene Blue) Agar, Bismuth 

Sulfite Agar, s-s Agar, Staphylococcus 110 Medium, Hektoen 

Agar, Blood Agar, and the TSI (Triple Sugar Iron) Slant. 

All tests were performed six times on each organism on six 

different days. 

Analysis of variance, Student's t test, and linear 

regression were used where applicable to analyze all 

numerical data. 



10 

CHAPTER III 

RESULTS AND DISCUSSION 

The results of this study are divided into two sec

tions. First, the identification of each kind of bacteria 

isolated from the hydra and the hydra culture. Second, the 

distribution of the bacterial community in the hydra media 

and on the hydra. This distribution is defined by the 

results of the statistical analysis applied to the total 

bacteria and the percentages of each bacterial group 

(colored: white, orange, yellow, and beige) associated with 

the hydra and the media. 

IDENTIFICATION OF BACTERIA 

The results of all microbiological and biochemical 

tests performed on each kind of bacteria isolated are pre

sented in Tables 1-7. The bacteria identified belong to 

the genera: Flavobacterium, Brevibacterium, Salmonella, 

Arizona, Escherichia, and Staphylococcus. On the basis of 

consistent morphological characteristics, i.~., colonial 

appearance, four groups were observed. These four groups 

are comprised of bacteria whose colonies are colored white, 

orange, yellow, or beige when grown on Brain Liver Heart 

agar plates. The bacteria were isolated from the hydra 

media, the hydra, and the film sediment associated with 

the bottom of the hydra culture dish. Each bacterial 

group was tested six different times, and all times 
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identical results were obtained for each respective group. 

The results of all tests were compared to standard tabulat

ed test results (Breed, 1957). Thus, it was determined that 

the orange and yellow colonies were a species of Flavo

bacterium, the beige colonies were a species of Brevi

bacterium, and among the whitish-gray colored colonies were 

species of the genera: Salmonella, Arizona, Escherichia, 

and Staphylococcus. All six genera were isolated from the 

film sediment of the culture dish by the streak plate 

method. However, no members of the genera Escherichia or 

Staphylococcus were isolated from the media or the hydra's 

outside or inside. This was determined by growing samples 

on EMB and Staphylococcus 110 Medium respectively. All 

the genera of bacteria isolated from the hydra and its 

culture are common to freshwater and hence, to environ

mental conditions suitable to hydra. 

Flavobacterium occurs in freshwater and character

istically produces orange, yellow, red, or yellow-brown 

pigmentation. Many freshwater Flavobacterium have been 

isolated from the slime of fishes, and these bacteria, 

like those identified in this study, are non-motile 

(Breed, 1957). Thus, the association of Flavobacterium 

with the surfaces of hydra is not unlikely. Brevibacterium, 

f ound in freshwater, is generally non-motile, and produces 

a red, orange, or brown pigmentation. The species i solated 

in this study produces a beige, flesh-colored surface colony 

typical of Brevibacterium brunneum, originally isolated 
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BACTERIA IDENTIFICATION 
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Name of Organism: Flavobacterium species (orange) 

MORPHOLOGY: 

Colonial Appearance: 

size 
color 
edge 
consistency 

PHYSIOLOGY: 

Brain Liver 
Heart Agar 

2-3 mm 
dirty orange 
entire 
clay-like 

Staining: 

spore 
capsule 
acid fast -
Gram Stain: 

gram negative, 
coccobacillus 
(24 hr. culture) 

Fermentation: 
adonitol 
arabinose + 
cellobiose + 
dextrin 
dextrose + 
dulcitol 
fructose + 
galactose + 
inositol 
inulin 
lactose 

:"Jiscellaneous: 

catalase 
citrate 
coagulase 
gelatin 

Special Media: 

maltose + 
mannitol 
melibiose 
raffinose + 
rhamnose 
salicin 
sorbitol 
sucrose + 
trehalose V 
xylose + 

H ,, 

ifi~ol 
litmus milk 
motility 
MR 
VP 
Nitrate 
oxidase 
oxygen 
starch 
temperature 
urea 
O.N.P.G. 
P.D. 
L.D. 
c.o. 

+ 

NA* 

+ 

NA 
+ -
30°C 

NA 
" 
" 
" 

Mannitol Salt Aear -
NA 

MacConkey's Agar -
no growth 

EMB Agar -
NA 

Bismuth Sulfite Agar -
NA 

s-s Agar
NA 

Staph. 110 Medium -
NA 

Hektoen Agar -
NA 

Blood Agar -
good growth, no 
hemolysis 

TSI Slant -
orange slant and butt, 
no tt2s produced, no 
gas produced 

NOTE: Surface colonies on BLH agar were always large (2-3mm) 
and dirty orange in color. 

*NA: not applicable 
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Table 2 

BACTERIA IDENTIFICATION 

Name of Organism: Flavobacterium species (yellow) 

J\'iORPHOLOGY: 

Colonial Appearance: Brain Liver 
Heart Agar 

size 
color 
edge 
consistency 
odor 

PHYSIOLOGY: 

Fermentation: 
adonitol 
arabinose 
cellobiose 
dextrin 
dextrose 
dulcitol 
fructose 
galactose 
inositol 
inulin 
lactose 
maltose 
mannitol 
melibiose 
raffinose 
rhamnose 
salicin 
sorbitol 
sucrose 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
trehalose V 
xylose + 

1-3 mm 
yellow 
entire 
creamy 
repugnant 

Miscellaneous: 

catalase + 
citrate 
coagulase NA* 
gelatin 
H S 
i~dol 
litmus milk + 
motility 
MR 
VP 
nitrate 
oxidase NA 
oxygen + 
starch 

30°c temperature 
urea 
O.N.P.G. NA 
P.D. II 

L.D. II 

c.o. " 

Staining: 

spore 
capsule 
acid fast -
Gram stain: 

gram negative, 
small thin rods 
(24 hr. culture) 

Special Media: 
Mannitol .Salt Agar -

NA 

MacConkey's Agar -
no growth 

EMB Agar -
NA 

Bismuth Sulfite Agar -
NA 

S-3 Agar -
NA 

Staph. 110 Medium -
NA 

Hektoen Agar -
NA 

Blood Agar -
growth, no hemolysis 

TSI Slant -
orange slant and butt, 
no H2s produced, no 
gas produced 

NOTE: Surface colonies on BLH agar were always small (l-2mrn) 
and yellow. 

*NA: not applicable 
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Table 3 

BACTERIA IDENTIFICATION 

Name of Organism: Brevibacterium species (beige) 

MORPHOLOGY: 

Colonial Appearance: Brain Liver 
Heart Agar 

size 
color 
edge 
consistency 
odor 

PHYSIOLOGY: 

Fermentation: 
adonitol 
arabinose 
cellobiose 
dextrin 
dextrose 
dulcitol 
fructose 
galactose 
inositol 
inulin 
lactose 
maltose 
mannitol 
melibiose 
raffinose 
rhamnose 
salicin 
sorbitol 
sucrose 
trehalose 
xylose 

1-2 mm 
beige-flesh 
entire 
creamy 
cheesy 

Miscellaneous: 

catalase 
citrate 
co,agulase 
gelatin 
H S 
i~dol 
litmus milk 
motility 
MR 
VP 
nitrate 
oxidase 
oxygen 
starch 
temperature 
urea 
O.N.P.G. 
P.D. 
L.D. 
c.o. 

+ 

NA* 
+ 

NA 
+ 

NA 
" 
II 

" 

Staining: 

spore 
capsule 
acid fast -
Gram stain: 

gram positive, 
very short thin 
rods (24 hr. 
culture) 

Special Media: 
Mannitol Salt Agar -

NA 

MacConkey's Agar -
NA 

EMB Agar
NA 

Bismuth Sulfite Agar -
NA 

S-S Agar -
NA 

Staph. 110 Medium -
NA 

Hektoen Agar -
NA 

Blood Agar -
no growth 

TSI Slant -
no growth 

NOTE: Surface colonies on BLH agar were always small (1-2 mm) 
and beige-flesh colored. 

*NA: not appiicable 
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BACTERIA IDENTIFICATION 
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Name of Organism: Salmonella species (white) 

MORPHOLOGY: 

Colonial Appearance: 

sjze 
color 
edge 
consistency 
odor 

PHYSIOLOGY: 

Brain Liver 
Heart Agar 

1-3 mm 
whitish-gray 
entire 
creamy 
fecal 

Staining: 

spore 
capsule 
acid fast -
Gram stain: 

gram negative, 
rods (24 hr. 
culture) 

Fermentation: 
adonitol 
arabinose + 
cellobiose ➔ 
dextrin 
dextrose 
dulcitol 
fructose 
galactose 
inositol 
inulin 
lactose 
maltose 
mannitol 
melibiose 
raffinose 

Miscellaneous: Special Media: 

+ gis 

+ 

+ 

+ 
+ 

rhamnose + 
salicin 
sorbitol + 
sucrose 
trehalose + 
xylose + 

catalase 
citrate 
coagulase 
gelatin 
H S 
i~dol 
litmus milk 
motility 
MR 
VP 
nitrate 
oxidase 
oxygen 
starch 

temperature 
urea 
O.N.P.G. 
P.D. 
L.D. 
c.o. 

+ 
+ 
NA* 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
NA 

Mannitol Salt Agar -
NA 

MacConkey's Agar -
slight beige colored 
growth 

EMB Agar -
pink colonies 

Bismuth Sulfite Agar -
large black colonies 

s-s Agar -
good growth, pink colo
nies, yellow discolora
tion 

Staph. 110 Medium -
NA 

Hektoen Agar -
NA 

Blood Agar -
no hemolysis 

TSI Slant -
alkaline slant, black 
butt with gas, H2s 
produced 

NOTE: Surface colonies on BLH agar were medium (1-3 mm) and 
whitish-gray in color, but not easily distinguished 
from other white colonies. 

*NA: not applicable 
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Table 5 

BACTERIA IDENTIFICATION 

Name of Organism: Arizona species (white) 

MORPHOLOGY: 

Colonial Appearance: 

size 
color 
edge 
consistency 
odor 

})}IYSIOLOGY: 

Brain Liver 
Heart Agar 

2-3 mm 
whitish-gray 
entire 
creamy 
repugnant 

Staining: 

spore 
capsule 
acid .fast -
Gram stain: -

gram negative, 
short rods 
(24 hr. culture) 

J:<"ermen ta ti on: Miscellaneous: Special Media: 
adonitol 
arabinose + catalase 
cellobiose + citrate 
dextrin coagulase 
dextrose + gas gelatin 
dulcitol H2S 
fructose indol 
galactose litmus mjlk 
inositol motility 
inulin MR 
lactose + VP 
maltose + nitrate 
mannitol + oxidase 
melibiose oxygen 
raffinose starch 
rhamnose + temperature 
salicin urea 
sorbitol + O.N.P.G. 
sucrose P.D. 
trehalose + L.D. 
xylose + c.o. 

+ 
+ 
NA* 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

30°C 

+ 

+ 
NA 

Mannitol Salt Agar -
NA 

MacConkey's Agar -
large brick red colo
nies 

EMB Agar -
pink colonies 

Bismuth Sulfite Agar -
large black colonies 

s-s Agar -
pink colonies, yellow 
discoloration 

Staph. 110 Medium -
NA 

Hektoen Agar -
NA 

Blood Agar -
no hemolysis 

TSI Slant -
yellow slant, black 
butt with gas, H2s 
produced 

NOTE: Surface colonies on BLH agar were large (2-3 mm) and 
whitish-gray in color, but not easily djstineuished 
from other white colonies. 

*NA: not applicable 
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BACTERIA IDENTIFICATION 
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Name of Organism: Escherichia species (white) 

MORPHOLOGY: 

Colonial Appearance: 

size 
color 
edge 
consistency 
oaot 

PHYSIOLOGY: 

Brain Liver 
Heart Agar 

1-3 mm 
whitish-gray 
entire 
creamy 
fecal 

Staining: 

spore 
capsule 
acid fast -
Gram stain: 

gram negative, 
short rods 
(24 hr. culture) 

Fermentation: Miscellaneous: Special Media: 
adonitol 
arabinose + 
cellobiose 
dextrin + 
dextrose + 
dulcitol + 
fructose + 
galactose + 
inositol 
inulin 
lactose + 
maltose + \ 
mannitol + 
melibiose + 
raffinose 
rhamnose + 
salicin 
sorbitol + 
sucrose 
trehalose + 
xylose + 

catalase + 
citrate + 
coagulase NA* 
gelatin 
H S 
i~dol -
litmus milk -
motility 
MR + 
VP 
nitrate + 
oxidase NA 
oxygen + 
starch 

30°c temperature 
urea 
O.N.P.G. NA 
P.D. " 
L.D. II 

c.o. " 

Mannitol Salt Agar -
NA 

MacConkey's Agar -
brick red colonies 

EMB Agar -
colonies with green 
metallic sheen 

Bismuth Sulfite Agar -
NA 

s-s Agar -
NA 

Staph. 110 Medium -
NA 

Hektoen Agar -
orange-yellow colonies 

Blood Agar -
no hemolysis 

TSI Slant -
yellow slant and butt, 
no H

2
s produced 

NOTE: Surface colonies on BLH agar were always medium (1-3 mm) 
and not easily dist.tnguished from other white colonies. 

*NA: not applicable 
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Table 7 

BACTERIA IDENTIFICATION 

Name of Organism: Staphylococcus species (white) 

MORPHOLOGY: 

Colonial Appearance: Brain Liver 
Heart Agar 

size 
color 
edge 
consistency 
odor 

PHYSIOLOGY: 

Fermentation: 
adonitol 
arabinose 
cellobiose 
dextrin V 
dextrose + 
dulcitol V 
fructose + 
galactose + 
inositol V 
inulin 
lactose + 
maltose + 
mannitol 
melibiose V 
raffinose 
rhamnose 
salicin 
sorbitol 
sucrose + 
trehalose + 
xylose 

1-2 mm 
white 
entire 
creamy 
none 

Miscellaneous: 

catalase + 
citrate + 
coagulase 
gelatin 
H S 
i~dol NA* 
litmus milk+ 
motility 
MR . NA 
VP NA 
nitrate + 
oxidase NA 
oxygen + 
starch 

30°C temperature 
urea NA 
O.N.P.G. NA 
P.D. " 
L.D. " 
c.o. " 

Staining: 

spore 
capsule 
acid fast -

· Gram stain: 
gram positive, 
cocci in grape
like clusters 
(24 hr. culture) 

Special Media: 
Mannitol Salt Agar -

good growth, small colo
nies, no discoloration 

MacConkey's Agar -
NA 

EMB Agar -
NA 

Bismuth SulfiteAgar -
NA 

S-S Agar -
NA 

Staph. 110 Medium -
very good growth, large 
white colonies 

Hektoen Agar -
NA 

Blood Agar -
no hemolys i s 

TSI Slant -
yellow slant and butt, 
no H2s produced 

NOTE: Surface colonies on BLH agar were always small (1-2 mm) 
and not easily distinguished from other white colonies. 

*NA: not applicable 



19 

from Pittsburgh, Pennsylvania tap water (Breed, 1957). 

Salmonella is found in water, food, and the bodies of cold 

and warm blooded animals. The bacteria isolated exhibits 

the basic characteristics of the genus Salmonella and 

represents one of the species compatible to freshwater and 

a temperatur€! range of 16°c to 30°0, at which experimental 

bacterial cultures were incubated (Breed, 1957). The genus 

Arizona is widely distributed in surface water, soil, and 

in the bodies of cold and warm blooded animals. It is 

motile and bears close resemblance to the genus Salmonella. 

Escherichia i.s also widely distributed in nature. Its 

agar colonies are generally whitish-gray and it is either 

motile or nor!-motile. The coliform isolated from the film 

sediment of the hydra culture closely resembles Escherichia 

intermedia, c. non-fecal, freshwater coliform with a growth 

range of 10°c to 47°0. Escherichia would be well-suited 

to the tempe!'ature of the hydra culture, 16°c + 1°c 

( Breed, 1957). Staphylococcus is tolerant of media con

taining high levels of salt, and is widely distributed. 

It is often found on body surfaces, skin, or mucous mem

branes of man and other animals. The Staphylococcus 

isolated here was found only in the film sediment of the 

culture dish and may have been present as a contaminant 

(Breed, 1957~. 

DISTRIBUTION OF BACTERIA 

The composition of the bacterial community asso

ciated with the hydra media and the hydra outside and inside 
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is presented in Table 8 and in Figure 1. The white colored 

bacterial group is the most common (50 ± 2%) in the hydra 

media. This group represents the motile genera, Salmonella 

and Arizona, which are least commonly associated with the 

hydra's outer surface and inside. This distribution is 

understandable since these bacteria are motile. The orange 

species of Flavobacterium is by ·far the most numerous 

(78 ± 1%) of the bacteria associated with the outer surface 

of .the hydra. It is also the major Flavobacterium present 

in the hydra media (27 ± 1%). The yellow species of 

Flavobacterium is the predominant bacterial group associated 

with the inside of the hydra. It is not as common as the 

orange Flavobacterium in the hydra medium or on the hydra's 

outer surface. Thus, these non-motile species of Flavo

bacterium are associated chiefly with the hydra. This is 

also reasonable since these bacteria are often isolated 

from such sources as the slime of freshwater fishes (Breed, 

1957). Also, since these Flavobacterium are non-motile, a 

close association with sessile surfaces is expected. The 

Brevibacterium is more closely associated with the inside 

than the outer surface of the hydra, but the highest per

centage of Brevibacterium exists in the media. 

In Table 9 is presented a sample set of data used 

for statistical analysis in this study. This data is, in 

form, representative of the data of all twenty-five daily 

experiments. The sample presented is the actual data of 

April 27, the date of the first experiment performed. All 
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TABLE 8 

MEAN PERCENTAGES AND STANDARD DEVIATIONS OF EACH BACTERIAL 
GROUP: IN THE HYDRA MEDIA; ON THE HYDRA'S OUTER SURFACE; 

AND INSIDE THE HYDRA 

MEDIA HYDRA OUTSIDE HYDRA INSIDE 

% White 50 .± 2 1 .± 0.5 2 + 1 

% Orange 27 + 1 78 + 1 18 + 1 

% Yellow 17 + 1 18 + 1 78 .± 1 

% Beige 8 + 1 2 + 1 3 .± 1 
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data used for statistical analysis and all raw data, for 

all twenty-five experlrnents, is found in Appendix A. 

Analysis of variance, Student's t test, and linear regres

sion were employed to determine if all twenty-five experi

ments were replicates. 

DISTRIBUTION OF BACTERIA IN THE HYDRA MEDIA 

In each of the twenty-five experiments performed on 

the hydra _media, there were eight replicates: four incubated 

at 30°c and four at 16°c. Incubation at two temperatures 

was employed in order to detect variations in the typ~s of 

bacteria sampled. Thus, species of bacteria would not be 

eliminated from observation by a non-permissive temperature. 

All twenty-five experiments for determining total bacteria 

per ml and the percentages of bacterial groups per ml in 

the media (Table 9) were shown to be replicates by the 

analysis of variance. All replicate values of total 

bacteria per ml, both at 30°c and 16°c, for all twenty-

five experiments, were submitted to analysis of variance; 

the F value was insignificant (Table 10). Therefore, 

there is no significant difference in the total bacteria 

per ml for the replicates of all twenty-five experiments 

whether incubated at 30°c or 16°c, or sampled on different 

days. Also, all replicate values for percentages of each 

bacterial group per ml were submitted to analysis of 

variance; these F values were insignificant. Thus, the 

twenty-five experiments performed were treated as repli

cates. 
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TABLE 10 

F VALUES BASED ON ANALYSES OF VARIANCE OF BACTERIA IN THE 
HYDRA MEDIA: EFFECT OF SAMPLING DATE (TIME): AND THE EFFECT 

OF TEMPERATURE 

Time Te{Yperatur0 Sampling Date 30 C vs 16 C 

Total bacteria/ml 1.30 0.09 

% White/ml 0.80 0.52 

% Orange/ml 0.80 0.46 

% Yellow/ml 0.88 0.03 

% Beige/ml 1.04 0.35 

Tabulated It' (0.05) 1.39 3.84 

Degrees of freedom 49-150 1-198 

* Denotes significance at the 0.05 level 

** Denotes significance at the 0.01 level 
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Since there was no difference due to the date of 

sampling, all data of total bacteria per ml incubated at 

30°c were combined and compared, by analysis of variance, 

to all combined data of total bacteria per ml incubated at 

16°c. The results confirm that no significant difference 

exists between replicates incubated at either temperature 

(Table 10). Also, all replicate values for the percentages 

of each bacterial group per ml were combined and analyzed 

in the same manner; the same results were obtained (Table 

10). 

Since the bacteria present in the hydra culture are 

equally viable at 30°c and 16°c, incubation temperature is 

not a source of variation in colony count data. Also, 

since the total bacteria per ml and the percentages of each 

bacterial group per ml do not change significantly with 

time, a relatively stable bacterial community is present 

in the hydra culture media. This suggests a fairly stable 

environment in which conditions are similar day to day 

(Appendix B). Culturing hydra according to the methods of 

Loomis (1953) and Lenhoff and Brown (1970) provides uniform 

environmental conditions. These culturing methods are 

highly suitable for growing hydra, and possibly the bac

terial community present under such conditions may essen

tially be considered no source of deleterious interference 

to hydra. 
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DISTRIBUTION OF BACTERIA ASSOCIATED WITH THE HYDRA 

One replicate was performed per experiment to deter

mine the composition and distribution of the bacterial 

community on the hydra's outer surface and inside. The 

results of linear regression and the Student's t test 

indicate that the total bacteria and the percentages of 

each bacterial group on the outer surface of a hydra, and 

on the inside of a hydra first washed with media, and on 

the inside of a hydra first washed with disinfectant do 

not change significantly with time since the slopes of 

these regressed lines are not significantly different from 

zero (Table 11). This indicates that the bacterial com

munity associated with the outer surface and inside of the 

hydra is constant under similar daily conditions. The 

results of the twenty-five washing and crushing experi

ments (Table 9 and Appendix A) do not change significantly 

with time. Hence, these experiments may be treated as 

replicates. 

By the analysis of variance it was determined that 

there is a significant difference in the total bacteria 

and in the percentages of each bacterial group between 

the outer surface and inside of a hydra washed first with 

media and then crushed (Table 12). There is also a signi

ficant difference in the total bacteria and in the per

centages of each bacterial group between the outer surface 

of a hydra and the inside of a hydra first washed in dis

infectant and then crushed (Table 12). The composition of 
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TABLE 11 

REGRESSION COEFFICIENT, SQUARED DEVIATION, AND t STATISTIC 
OF THE TOTAL AND MEAN PERCENTAGES OF BACTERIA ON THE HYDRA'S 

OUTER SURFACE AND INSIDE THE HYDRA: A, B, AND C 

A. Bacteria on Hydra's Outer Surface. 

B. Bacteria on Hydra Inside (media washed). 

c. Bacteria on Hydra Inside (disinfectant washed). 

Regression Squared T Statistic 
Coefficient Deviation (0.01 = 2.807) 

Total Bacteria: 

A. 0.154 17.728 0.300 
B. -0.142 14.519 0.340 
c. 0.559 14.144 1.371 

% White: 

A. 0.007 0.461 0.491 
B. 0.001 0.671 0.345 
c. -0.005 0.600 0.266 

% Orange: 

A. 0.087 1.076 2.800 
B. 0.028 0.110 1.280 
c. 0.074 0.929 2.751 

% Yellow: 

A. 0.052 0.919 1.970 
B. 0.081 1.382 2.023 
c. 0.013 1.386 0.327 

% Beige: 

A. -0.088 0.733 4.136** 
B. -0.105 0.828 4.370** 
c. 0.092 0.969 3.294** 

** Denotes significance at the 0.01 level 
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TABLE 12 

F VALUES BASED ON ANALYSES OF VARIANCE OF BACTERIA 
ASSOCIATED WITH THE HYDRA: BACTERIA ON HYDRA OUTER SURFACE 
VS. INSIDE (MEDIA WASHED); BACTERIA ON HYDRA OUTER SURFACE 

VS. INSIDE (DISINFECTANT WASHED); BACTERIA INSIDE THE 
HYDRA (MEDIA WASHED) VS. INSIDE (DISINFECTANT WASHED) 

Outer Surface Outer Surface Inside (media 
vs. Inside vs. Inside washed) vs. 

(media washed) (disnf. washed) In~ide (disnf. 
washed) 

Total bacteria 43001.41** 42121.86*-II 0.14 

% White 4.66* 10.75** 0.27 

% Orange 39640.36** 32667.36** 0.34 

% Yellow 26211.64** 2·9089. 08** o.oo 

% Beige 0.28 3.24 1.46 

Tabulated F (0.05) 4.04 4.04 4.04 

Degrees of freedom 1-48 1-48 1-48 

* Denotes significance at the 0.05 level 

** Denotes significance at the 0.01 level 
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the bacterial community associated with the outer surface 

and inside of a hydra is significantly different, and 

remains relatively constant under the similar daily con

ditions maintained in this study (Appendix B). 

There is, however, no significant difference in the 

total bacteria and in the percentages 6f each bacterial 

group between the inside of a hydra washed with media first 

and then crushed and the inside of a hydra washed with dis

infectant first, media next, and then crushed (Table 12). 

This suggests that both techniques of washing and crushing 

hydra are effective in determining the bacteria associated 

with its outer surface and inside. Since successive wash

ing of the hydra in sterile media removed nearly all bacteria 

present on its outer surface, the bacteria recovered on 

crushing the hydra should be associated with the inside 

(Table 9 and Appendix A). To check this technique, all 

bacteria on the outer surface of the hydra were killed by 

washing in Zephiran Chloride (1:750). There were no bac

teria isolated from the washings of a hydra which had been 

washed in disinfectant first (Table 9 and Appendix A). It 

was assumed bacteria on the inside of the hydra would not 

be effected because the mouth of the hydra, open only 

during feeding, would be closed while being washed. There 

is no significant difference in the composition of the bac

terial community between the inside of a hydra washed in 

media only and a hydra washed in disinfectant first, and 

media next. Therefore, the bacteria isolated from the 
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hydra by crushing are probably associated with the inside 

of the hydra. This is substantiated further because there 

is a significant difference in the composition of the bac

terial community washed from the outer surface of the hydra 

and the community associated with the inside of the hydra, 

whether washed in media only, or in disinfectant and media. 

The total bacteria present on the outer surface of the 

hydra is significantly larger than inside the hydra. 

The percentages of each bacterial group in the media 

is significantly different from these percentages on the 

hydra's outer surface and inside the hydra (Table 13). 

Therefore, the composition of the bacterial community 

associated with the media is different in structure from 

that associated with the hydra itself. Also, within the 

media itself, there is a significant difference between the 

percentages of each bacterial group (Table 14). The same 

is true for percentages of each bacterial group on the 

hydra's outer surface and inside the hydra (Table 14). The 

analysis of variance for Tables 13 and 14 was based on the 

mean of all mean percentages of each bacterial group asso

ciated with the media, the percentage of each group asso

ciated with the hydra's outer surface, and the mean per

centages of the groups associated with the inside of the 

hydra, washed with media or disinfectant (Table 9 and 

Appendix A). Thus, the compositions of the bacterial 

communities in the media, and on the hydra's outer surface 

and inside are significantly different. Also, the 



percentages of the four bacterial groups in the media, 

and on the hydra's outer surface, and inside are sig- . 

nificant. 
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TABLE 13 

J VALUB.::3 BA.SBD ON ANALYSES OP VARIANCE OF MEAN PERCENTAGES 
OF BACTERIAL GROUPS ASSOCIATED WITH ME~IA AND HYDRA: 

BACTERIA IN THE \ffiDIA VS. OUTER SURFACE OF HY .DRA; BACTERIA 
IN T::-IE MEDIA VS. INSIDE THE HYDRA 

~b White 

% Orange 

% Yellow 

:,0 Beige 

Tabulated F 

Degrees of 

'.'vTedia vs. 
Hydra Outer Surface 

13931.74** 

21493 .88** 

16.41** 

205.30** 

(0.05) 4.04 

freedom 1-48 

Media vs. 
Inside The Hydra 

13462.00** 

f372.19** 

30j63.72** 

163.56** 

4.04 

· l-48 
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TABLE 14 

F VALUES BASED ON THE ANALYSES OF VARIANCE OF MEAN 
PERCENTAGES OF }~ACH J3ACTERIAL GROUP: IN THE HYDRA MEDIA; 

OW THE OUTER SURFACE OF THE HYDRA; INS.IDE THE HYDRA 

In The On The Hydra's Inside 
Media Outer Surface 'rhe Hydra 

XJ{} White vs. xat ,,..J Orange 2443.90** 80542.50** 7360.09** 

X% White vs. X~ln Yellow 4591. 57** 5716.13** 104621.88** 

x% White vs. X% Beige 7525.09** 44.89** 50.23** 
-X% Orange vs. X% Yellow 730.94** 43082.79** 50820.77** 

-X% Orange vs. X% Beige 2712.50** 54909.95** 3649.06** 

x% -
Yellow vs. X% Beige 540.15** 2974.83** 69886.81** 

Tabulated F (0.05) 4.04 4.04 4.04 

Degrees cf freedom 1-48 1-48 1-48 
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CHAPTER IV 

CONCLUSIONS 

1. The bacteria associated with the hydra and its 

culture are members of the genera: Flavobacterium, Brevi

bacterium, Salmonella, Arizona, Escherichia, and Staphy

lococcus. 

2. The total bacteria and the percentages of each 

bacterial group do not change significantly with time in 

the hydra media, or on the hydra's outer surface or inside. 

Under similar daily environmental conditions there is a 

stable l>acterial community. 

_1 . The compositions of the bacterial communities 

in the 11edia, and on the hydra's outer surface and inside 

are significantly different. Also, the percentages of the 

four bacterial groups in the media and on the hydra's outer 

surface and inside the hydra are significant. 

4. The bacterial group displaying white colonies, 

determined to be the motile Salmonella and Arizona, is 

predominant in the media. 

5. The bacterial group displaying orange-colored 

colonies, a non-motile Flavobacterium, is predominant on 

the outer surface of the hydra. 

6. The bacterial group displaying yellow colonies, 

a non-motile Flavobacterium, is predominant inside the hydra. 
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APPENDIX A 

EXPERIMENTAL DATA: BACTERIAL COLONY COUNTS 
FOR TWENTY-1',IVE EXPERIMENT,-3 

LIS'f OF SYMBOLS 

DEFINPHON 

Mean 

Mean of Means 

Total bacteria outside hydra 

Total bacteria inside hydra 

Control 

ivash 1-3 1 ml sample of each wash 

first or second supernatant: sup. 1 or 2: A or B 

36 

A= 1 ml sample; B = 2 ml sample 

crushed hydra crushed hydra tissue 

* Dilution= 1:1,000 
all other dilutions= 1:10,000 
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APPENDIX A: EXPERIMENTAL DATA: DATE: April, 27 

MEDIA 

ML DIL. COLONY BAC/ML WHITE "T ORANGE "T YELLOW "T BEIGE ~T 
USED COUNTS (x 104•) COUNT COUNT COUNT COUNT 

't~± 7 1.00 4 57 2 28 l 15 0 0 
2 ml 18 9.00 9 50 5 28 3 16 l 6 
5 ml 47 9.40 24 51 11 23 9 19 3 6 

*3 ml 252 8.40 131 52 57 23 40 16 24 9 
C:l ml 0 - o.oo 0 0 0 0 0 0 0 0 

X 8.45 53 26 17 6 

16°c: 
!ml 8 8.oo 4 50 3 37 l 13 0 0 

2 ml 6 8.oo 7 44 5 31 4 25 0 0 
5 ml 48 9.60 26 54 10 21 8 16 4 8 

*3 ml 260 8.67 139 53 61 24 43 16 17 7 
C:l ml 0 o.oo 0 0 0 0 0 0 0 0 

X 8.57 =50 28 18 4 
X52 27 18 5 

!iim!! MEDIA~ 

Wash 1 223 223 4 171 39 9 
Wash 2 77 77 2 56 16 3 
Wash 3 5 5 0 4 l 0 
control 0 0 0 0 0 0 

T
0

3050 6 2 231 76 56 18 12 4 

J!!ill!A CRUSH 

control 0 0 0 0 0 0 
sup. l:A 160 160 3 29 121 7 
" :B 300 _ 150 l 27 117 5 

X 155 2 28 119 6 

sup. 2:A 50 50 l 12 35 2 
crushed 
hydra 20 0 3 16 l 

Ti 2070 30 2 403 19 1556 75 81 4 

HYDRA DISINFECTANT~ 

Wash l 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. l:A 173 173 5 31 127 10 
" :B 296 - 148 2 20 122 4 

X 160.5 3.5 25.5 124.5 7 

sup. 2:A 41 41 1 6 31 3 
crueh,:d 
hydra 28 1 5 20 2 

Ti 2043 46 2 20 16 1575 77 102 7 -X 2 18 76 6 
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APPENDIX A: EXPERIMENTAL DATA; DATE: April 28 

~ 

ML DIL. COLONY BAC/Mf WHITE %T ORANGE %T YELLOW "T BEIGE "T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

~: ml 8 8.00 4 50 2 25 1 13 0 0 
2 ml 15 7.50 8 53 4 26 2 13 1 7 
5 ml 43 8.60 21 49 13 30 7 16 3 7 

*3 ml 261 8.70 140 54 62 24 45 17 17 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.20 52 26 15 5 

16°c: 
--riil 8 8.00 4 50 3 38 0 0 0 0 

2 ml 19 9.50 10 52 5 26 3 16 1 5 
5 ml 34 6.80 18 53 10 29 4 12 2 6 

*3 ml 245 8.17 126 51 48 20 50 20 21 9 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.12 52 28 12 5 
i 52 27 14 5 

!!IQ&! ~ ~ 
Wash 1 234 234 3 187 37 7 
Wash 2 67 67 1 52 11 3 
Wash 3 3 3 0 0 0 0 
control 0 0 0 0 0 0 

T
0

3040 4 1 241 79 49 16 10 3 

!!IQ&! .Qfilrfili 
control 0 0 0 0 0 0 
sup. l:A 156 156 1 28 123 4 

II :B 298 _ 149 2 23 119 5 
X 152.5 1.5 25.5 121 4-5 

sup. 2:A 52 52 1 9 40 2 
crushed 
hydra 21 0 3 2 

Ti2066 25 l 348 17 1626 79 67 3 

~ DISINFECTANT WASH 
Wash l 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

H'YDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 149 149 3 20 119 7 
" :B 301 _ 150.5 3 27 115 6 

X 149.8 3 23.5 117 6.5 
sup. 2:A 53 53 l 9 40 3 
crushed 
hydra 19 0 3 15 l 

T12047 40 2 328 16 1585 77 96 5 
X 2 17 78 4 



39 

APPENDIX A: EXPERIMENTAL DATA; DAD: April, 29 

MEDIA 

ML DIL. COLO.NY BAO/Mt WHITE "T ORAll'GE "T YELLOW "T BEIGE "T 
USED COUNTS (x 1.0 ) COUNT COUNT COUNT COUNT 

~: ml 8 a.oo 3 38 2 25 2 25 1 13 
2 ml 17 8.50 1 41 5 29 3 18 2 12 
5 ml 40 8.00 18 45 1, 32 6 15 3 1 

*3 ml 247 8.23 128 52 54 22 44 18 21 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.18 44 27 19 10 

16°c: 
Tiiil 9 9.00 4 44 3 .,., 2 22 0 0 

2 ml 17 8.50 8 47 6 35 2 12 1 6 
5 ml 40 8.oo 20 50 9 22 1 18 4 10 

*3 ml 244 8.13 117 48 63 26 45 18 19 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.41 = 47 29 17 6 
X 46 28 18 8 

fil12M gfil WASH 
Wash 1 199 199 3 155 34 1 
Wash 2 99 102 1 81 17 2 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

T
0

3010 4 l · 236 78 52 17 9 3 

HI1B!A CRUSH 
control 0 0 0 0 0 0 
sup. l:A 150 150 3 22 118 1 

II ::B 299 _ 149.5 l 28 115 6 
X 149.8 2 25 116.5 6.5 

sup. 2:A 52 52 1 12 37 2 
crushed 
hydra 24 0 4 19 1 

T12042 30 2 :574 18 1554 76 86 4 

HYDRA DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. 1:A 146 146 1 25 116 4 

" :B 295 _ 147.5 l 28 113 6 
X 146.8 2 26.5 114.5 5 

sup. 2:A 56 56 l 11 42 2 
crushed 
hydra 22 0 5 16 l 

T12050 30 - 2 380 18 1581 77 71 4 
X 2 18 11 4 
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APPENDIX A: EXPERIMENTAL DATA; DAH: Kay, 4 

~ 

ML DIL. COLONY BAC/Mi' WHITE "T ORANGE "' YELLOW "T BEIGE "T USED COUNTS (x 10) COUNT COUNT COUNT COUNT *: l 8 8.oo ' ,a 2 25 2 25 l 13 
2 ml 19 9.50 9 47 6 32 3 16 l 5 
5 ml 50 10.00 27 54 16 ,2 4 8 ' 6 

*3 ml 203 6.77 106 52 53 26 30 15 14 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.57 48 29 16 8 

16°c: 
°Tiiil 7 1.00 3 43 2 29 . 2 29 0 0 

2 ml 18 9.00 8 44 5 28 3 17 2 11 
5 ml 46 9.20 20 43 11 24 9 19 6 13 

*3 ml 212 1.01 103 49 56 26 35 16 18 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.07 "' 45 27 20 8 
X 47 28 18 8 

.firnMEDIA!Aa 
Wash l 234 234 2 184 37 11 
Wash 2 65 65 1 50 12 2 
Wash 3 1 l 0 1 0 0 
control 0 0 0 0 0 0 

T
0

3000 0 l 235 78 49 16 13 4 

BIR!! CRUSH 
control 0 0 0 0 0 0 
sup. l:A 171 171 3 29 129 10 
" :B 302 _ 151 l 27 116 7 

X 161 2 28 122.5 8.5 

sup, 2:A 46 46 l 8 35 2 
crushed 
hydra 19 0 4 14 l 

. T12089 ~o l 364 17 1589 76 106 5 

HYDRA DISINUCTANT Wfi 
wash l 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

J!!R!!gy§1! 
control 0 0 0 0 0 0 
sup. l:A 177 177 l 30 141 5 
" :B 291 _ 145.5 2 26 113 5 

X 161.3 1.5 28 127 5 
sup. 2 :A 42 42 l 7 32 2 
crushed 
hydra 23 0 5 17 l 

T12056 25 1 355 17 1607 78 71 ' ! 1 17 77 4 



APPENDIX A: EXPERIKEBTAL DATA; DAD: Jla7 5 

MEDIA 

ML DIL. COLONY BAC/5' WHITE "T OliBGE "' YELLOW 
USED COUNTS (x 10) COUNT COUNT COUJfT 

~: ml 8 8.oo 3 38 3 38 2 
2, ml 16 8.00 7 44 5 31 3 
5 ml 42 8.40 19 45 16 38 4 

*3 ml 253 8.43 131 52 57 22 43 
C:l ml 0 - 0 0 0 0 0 0 

X 8.21 45 32 

16°c: 
~l 1 1.00 3 43 2 29 2 

2 ml 16 e.oo 9 56 3 19 3 
5 ml 41 8.20 25 61 8 19 5 

*3 ml 260 8.67 139 53 65 25 38 
C:l ml 0 - 0 0 0 0 0 0 

X 7.97 • 53 23 
X 49 28 

!fll.M MEDIA WASH 
Wash 1 230 230 3 179 40 
Wash 2 76 76 l 56 16 
Wash 3 0 0 0 0 0 
control 0 0 0 0 0 

T
0

3060 4 l 235 11 56 

HliM ~ 
control 0 0 0 0 0 
sup. l:A 166 166 3 28 127 
" :B 289 _ 144.5 4 26 110 

X 155.3 3.5 27 118.5 

sup. 2:A 51 51 l 9 38 
crushed 
hydra 18 0 4 13 

T12081 45 2 364 18 1578 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 
Wash 2 0 0 0 0 0 
Wash 3 0 0 0 0 0 
control 0 0 0 0 0 

To 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 
sup. 1 :A 181 181 3 30 144 
" :B 293 _ 146.5 l 24 119 

X 163.8 2 27 131.5 
sup. 2:A 39 39 1 6 30 
crushed 
hydra 27 1 6 18 

T12055 40 - 2 336 16 1633 
X 2 17 

"T 

25 
19 

9 
17 

0 
18 

29 
19 
12 
15 

0 
19 
19 

18 

76 

0 

80 
78 

41 

BEIGE "T 
COUNT 

0 0 
l 6 
3 7 

22 9 
0 0 

5 

0 0 
l 6 
3 1 

18 7 
0 0 

5 
5 

8 
3 
0 
0 

11 4 

0 
8 
5 
6.5 

3 

l 
96 5 

0 
0 
0 
0 
0 0 

0 
4 
3 
3.5 
2 

2 
57 3 

4 

' 

: I 

: I 

I 
I 
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APPENDIX A: EXPERIMENTAL DATA; DA!E: May 6 

MEDIA 

ML DIL COLONY BAC/5' WHITE "' ORilGE "T YELLOW "T BEIGE "T USED COUNTS (x 10) COUNT COUNT COUNT COUlfT 

~: ml 8 8.00 3 38 2 25 2 25 1 13 
2 ml 15 7.50 7 47 4 27 3 20 l 7 
5 ml 42 8.40 26 62 9 21 5 12 2 5 

*3 ml 249 8.30 129 52 61 25 40 16 19 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.05 50 24 18 8 

16°c: 
'i'ml 8 8.oo 4 50 2 25 1 13 1 13 

2 ml 16 8.oo 9 56 4 25 2 13 1 6 
5 ml 41 8.20 25 61 8 19 5 12 3 9 

*3 ml 251 8. 37 130 52 66 26 39 15 16 6 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.14 • 55 24 13 9 
X 53 24 16 9 

HYDRA MEDIA D§!l 
Wash 1 197 197 3 150 37 7 
Wash 2 98 98 1 78 16 3 
Wash 3 7 7 2 3 1 1 
control 0 0 0 0 0 0 

T
0

3020 6 2 231 77 54 18 11 4 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 171 171 1 30 136 3 

II :B 288 - 144 2 25 113 4 
X 157.5 1.5 27.5 124.5 3.5 

sup. 2:A 44 44 1 8 33 2 
crushed 
hydra 34 l 5 25 3 

T12049 26 1 360 17 1600 78 58 

HYDRA DISINFECTANT !!§I 
Wash 1 0 0 0 0 0 0 
wash 2 0 0 0 0 0 0 
wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 184 180 1 32 146 2 
" :B 284 _ 142 3 25 107 7 

X 161 2 28.5 126.5 4.5 
sup. 2:A 44 44 l 6 34 3 
crushed 
hydra 29 0 5 23 1 

T12082 30 - 1 350 17 1628 78 76 4 
X 1 17 78 4 
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APPENDIX A: EXPERIMENTAL DATA. DAD: Jllay7 

mu 
ML DIL. COLONY BAC/Mf WHITE "T ORAIOB "' YELLOW "T BEIGE "' USED COUNTS (x 10) COUNT couir.r COU1fT COU11! 

~: 1 7 1.00 3 43 2 29 1 14 l 14 
2 ml 17 8.50 8 47 4 23 3 18 2 12 
5 ml 43 8.60 26 60 10 23 4 9 3 7 

*3 ml 248 a.27 129 52 64 26 40 16 15 6 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.09 50 25 14 10 

16°c: 
Tiil 8 a.oo 4 50 2 25 2 25 0 0 

2 ml 18 9.00 10 56 4 22 3 17 1 6 
5 ml 42 8.40 17 40 12 29 9 21 4 9 

*3 ml 256 a.53 131 51 69 27 37 14 19 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.48 • 49 26 19 6 
X 50 26 17 8 

HYDRA MEDIA W!i 
wash l 232 232 2 177 44 9 
wash 2 68 68 1 53 12 2 
wash 3 1 1 0 1 0 0 
control 0 0 0 0 0 0 

T
0

3010 3 1 231 76 56 19 11 4 

H!1m! CRUSH 
control 0 0 0 0 0 0 
sup. l:A 155 155 2 29 119 5 
" :B 294 _ 147 1 26 116 4 

X 151 1.5 27.5 117.5 4.5 

sup. 2:A 54 54 1 9 41 3 
crushed 
hydra 21 1 3 16 1 

T12071 26 1 368 18 1601 77 76 4 

!iDIB! DISINFECTAHT !A.§H 

Wash 1 0 0 0 0 0 0 
wash 2 0 0 0 0 0 0 
wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 172 172 1 29 138 4 

" :B 299 _ 149.5 1 27 119 3 
X 160.3 1 28 128.5 3.5 

sup. 2:A 46 46 1 8 35 2 
crushed 
hydra 19 0 4 14 1 

T1 2087 20 1 364 17 1649 79 56 ' ! 1 18 78 4 
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APPENDIX A: EXPERIMENTAL DATA; DA!I!E: May 11 

MEDIA 

ML DIL COLONY BAC/Mf WHITE "T ORANGE "T YELLOW "T BEIGE "T USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

~: ml 8 8,00 3 38 3 38 2 25 0 0 
2 ml 16 e.oo 9 56 4 25 2 13 l 6 
5 ml 46 9,20 29 63 8 17 6 13 3 6 

*3 ml 241 8,03 132 55 59 24 33 14 17 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8,'.51 53 26 16 5 

16°c: 
Tiiil 9 9.00 4 44 2 22 2 22 l ll 

2 ml 17 8,50 7 41 6 35 3 18 1 6 
5 ml 40 8.00 23 58 9 22 5 13 3 8 

*3 ml 261 8.70 138 53 68 26 37 14 18 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8,55 = 49 26 17 8 
X 51 26 17 7 

!UJIBA ~ Ufil! 
Wash 1 220 220 3 168 42 7 
Wash 2 79 83 2 6p 13 2 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

T
0

3030 5 1 234 77 55 18 9 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. 1:A 150 150 2 28 119 6 

II :B 321 _ 160.5 2 30 124 5 
X 155,3 2 29 119 5.5 

sup. 2:A 48 48 l 8 36 3 
crushed 
hydra 26 l 4 19 2 

Ti2059 31 2 374 1569 76 87 4 

H.!JIB! DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. 1 :A 160 160 2 30 123 5 

II :B 300 _ 150 2 29 115 4 
X 155 2 29. 5 119 4.5 

sup. 2 :A 50 50 l 9 38 2 
crushed 
hydra 25 1 4 18 2 

T12075 31 2 389 19 1588 77 67 3 
! 2 19 77 4 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 12 

~ 

ML DIL. COLONY BAC/Mt' WHITE ~T ORANGE ~T YELLOW ~T BEIGE ~T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

30°C: 
Tiiil 9 9.00 4 44 3 33 2 22 0 0 

2 ml 16 8.oo 8 50 4 25 3 19 1 6 
5 ml 40 a.oo 18 45 13 32 6 15 3 8 

*3 ml 281 9.37 145 52 71 25 44 16 21 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.59 48 29 18 5 

16°c: 
1ml 8 8.00 4 50 2 25 l 13 1 13 

2 1111 17 a.so 8 47 5 29 3 18 1 6 
5 ml 48 9.60 29 60 9 19 7 14 3 6 

*3 ml 255 8.50 132 52 67 26 37 14 19 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.65 52 25 15 8 
x 50 27 17 7 

!!!QM MEDIA fil!! 
Wash 1 232 232 4 176 44 8 
Wash 2 65 65 1 51 11 2 
Wash 3 5 5 0 3 2 0 
control 0 0 0 0 0 0 

T
0

3020 5 2 230 76 57 19 10 3 

!!XJlM Qfill§!! 
control 0 0 C 0 0 0 
sup. 1:A 152 152 1 27 121 2 

II :B 307 _ 153.5 2 29 118 5 
X 152.3 1.5 28 119.5 3.5 

sup. 2 :A 52 52 1 10 38 3 
crushed 
hydra 29 1 4 21 3 

T12072 26 1 384 18 1596 77 68 3 

HYDRA DISINFECTANT WASH 
wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. l :A 168 168 2 32 131 3 

II :B 294 _ 147 2 24 118 3 
X 157.5 2 38 124.5 3 

sup. 2:A 43 43 1 9 30 3 
crushed 
hydra 36 l 6 27 2 

T12041 31 2 376 18 1572 77 62 3 
X 2 18 77 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: :May 13 

MEDIA 
ML DIL COLONY BAC/~ WHITE ~T ORANGE ~T YELLOW ~T BEIGE ~T 

USED COUNTS (x 10) COUNT COUNT COUNT COUNT 
30°c: 
'"Tnil 8 8.00 3 38 2 25 2 25 1 13 

2 ml 19 9.50 10 53 4 21 3 16 2 10 
5 ml 39 1.ao 21 54 10 26 5 13 3 7 

*3 ml 249 0.30 129 52 57 23 42 17 21 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.40 49 24 18 10 

16°c: 
"Tml 1 1.00 3 43 2 29 1 14 1 14 

2 ml 19 9.50 8 42 6 32 3 16 2 10 
5 ml 46 9.20 31 67 8 17 4 9 3 6 

*3 ml 250 8.33 129 56 63 75 39 16 19 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.51 52 26 14 10 
X 51 25 16 10 

HYDRA MEDIA WASH 
Wash 1 241 241 2 192 40 1 
Wash 2 65 65 1 51 12 1 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

T
0

3060 3 1 243 79 52 17 8 3 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 163 163 2 27 130 4 

II :B 297 148.5 3 28 113 5 -X 155.8 2.5 27.5 121.5 4.5 
sup. 2:A 47 47 1 8 36 2 
crushed 
hydra 24 1 4 17 2 

Ti2052 36 2 359 18 1592 78 67 

HYDRA DISINFECTANT fill! 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 168 168 4 31 126 7 

II :B 289 144.5 2 27 112 4 -X 156.3 3 29 119 5.5 
sup. 2:A 48 48 1 8 37 2 
crushed 
hydra 31 1 6 23 1 

T12074 41 2 376 18 1583 76 76 4 
X 2 18 77 4 



..... 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 14 

~ 

ML DIL. COLONY BAC/Mf WHITE %T ORANGE %T YELLOW %T BEIGE %T 
USED COUNTS (x 10) COUl-rT COUNT COUNT COUNT 

30°C: 
Tiiil 8 8.00 3 38 2 25 2 25 1 13 

2 ml 20 10.00 9 45 6 30 3 15 2 10 
5 ml 39 7.80 21 54 11 28 4 10 3 8 

*3 ml 251 8.37 132 53 58 23 41 16 20 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.54 47 26 17 10 
16°c: 
1ml 8 8.00 4 50 3 38 1 13 0 0 

2 ml 15 7.50 7 47 5 33 2 13 1 7 
5 ml 49 9.80 28 57 11 22 6 12 4 8 

*3 ml 239 7.97 125 52 53 22 41 17 20 1 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.32 52 29 14 6 
X 50 28 16 8 

HYDRA Mfil2ll ~ 
Wash 1 241 241 2 192 40 7 
Wash 2 59 59 1 46 11 1 
Wash 3 3 3 0 3 0 0 
control 0 0 0 0 0 0 

T
0

3030 3 1 241 80 51 17 8 3 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 152 152 3 28 117 4 
" :B 307 153.5 1 26 125 2 

X 152.8 2 27 121 3 
sup. 2:A 53 53 1 11 40 1 
crushed 
hydra 22 0 5 16 1 

T12080 30 1 385 19 1626 78 41 2 

!i.r1IB! DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. 1:A 179 179 1 32 143 3 

II :B 285 _ 142.5 2 24 115 2 
X 160.8 1.5 28 129 2.5 

eup, 2:A 43 43 l 7 33 3 
crushed 
hydra 25 1 4 18 2 

T12063 26 1 354 17 1638 79 57 3 
X 1 18 79 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 15 

MEDIA 

ML DIL COLONY BAC/Mf WHITE ~T ORANGE ~T YELLOW %T BEIGE ~T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

~: ml 8 8.00 3 38 2 25 2 25 1 13 
2 ml 18 9.00 9 50 5 28 3 17 1 6 
5 ml 47 9.40 28 59 10 21 6 13 3 6 

*3 ml 248 8.27 133 53 52 21 42 17 21 8 
C:l ml 0 0 0 0 0 0 0 0 0 0 

! 8.67 50 24 18 8 
16°c: 
"T"iiil 8 8.00 4 50 2 25 1 13 1 13 

2 ml 19 9.50 8 42 6 32 3 16 2 11 
5 ml 41 8.20 19 46 13 32 5 12 4 10 

*3 ml 244 8.13 128 52 53 32 38 16 25 10 
C:l ml 0 - 0 0 0 0 27 0 0 0 0 

X 8.46 _ 48 28 14 11 
x 49 26 16 10 

ill!!!~ WASH 
Wash 1 224 224 3 172 42 7 
Wash 2 75 75 1 58 14 2 
Wash 3 3 3 0 2 1 0 
control 0 0 0 0 0 0 

T
0

3020 4 1 232 77 57 19 9 3 

HYDRA Qfilifili 
control 0 0 0 0 0 0 
sup. l:A 154 154 2 30 117 5 

II :B 308 154 3 26 121 4 
X 154 2.5 28 119 4.5 

sup. 2:A 49 49 1 7 39 2 
crushed 
hydra 23 0 3 19 1 

Ti2053 35 2 353 17 1599 78 66 3 

HYDRA DISINFECTANT !'.!.fil! 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
wash 3 0 0 00 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 169 169 3 32 128 6 
" :B 297 148.5 3 31 111 4 -X 158.A 3 31.5 119.5 5 

sup. 2:A 46 46 1 9 34 2 
oruehftd 

hyd:rn 32 1 6 23 2 
T1 2080 41 2 411 20 1558 75 72 3 

X 2 19 77 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 18 

~ 

ML DIL. COLONY BAC/Mf WHITE %T ORANGE :,<T YELLOW ~T BEIGE "T USED COUNTS (x 10) COUNT COUNT COUNT COUNT 
30°c: 
1ml 9 9.00 4 44 3 33 2 22 0 0 

2 ml 17 8.50 7 41 6 35 3 18 1 6 
5 ml 43 B.60 26 60 8 19 5 12 4 9 

*3 ml 250 8.33 130 52 57 23 42 16 21 8 
C:l ml 0 0 0 0 0 0 0 0 0 0 

X 8.61 49 28 17 6 
16°c: 
7:riil 7 7.00 3 43 2 29 1 14 1 14 

2 ml 18 9.00 10 56 5 28 2 11 1 6 
5 ml 50 10.00 31 62 9 18 7 14 3 6 

*3 ml 230 7.67 119 52 61 26 33 14 17 7 
C:l ml 0 0 0 0 0 0 0 0 0 0 x 8.42 53 25 13 8 

x: 51 27 15 7 

!illlli! ~ WASH 
Wash l 230 230 2 181 44 3 
Wash 2 74 74 0 59 13 £ 
Wash 3 1 1 0 1 0 0 
control 0 0 0 0 0 0 

T
0

3050 2 1 241 79 57 19 5 2 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 158 158 3 28 122 5 

II :B 288 144 0 30 113 1 -
X 151 1.5 29 117. 5 3 

sup. 2:A 51 51 1 11 36 3 
crushed 
hydra 19 0 4 15 0 

'.I'i 2039 25 1 404 20 1550 76 60 3 

HYDRA DISINFECTANT fill! 
wash 1 0 0 0 0 0 0 
wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

filJIB! CRUSH 
control 0 0 0 0 0 0 
sup. l:A 172 172 3 32 133 4 

" :B 294 147 2 27 115 3 
X 159.5 2.5 29.5 124 3.5 

sup. 2: A 42 42 l 6 31 4 
crushed 
hydra 25 0 6 19 0 

T1?.040 35 - 2 361 18 1569 77 75 4 
X 2 19 77 4 
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APPENDIX A: EXPERIMEN'rAL DATA; DATE: May 19 

MEDIA 

ML DIL COLONY BAC/, WHITE %T ORANGE ,;T YELLOW 'In BEIGE ,;T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

30°C: 
Tiiil 8 8.00 3 38 2 25 2 25 l 13 

2 ml 17 8.50 9 53 5 29 2 12 1 6 
5 ml 41 8.20 23 56 9 22 5 12 4 10 

*3 ml 238 7.93 121 51 62 26 37 16 18 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.16 50 26 16 9 
16°c: 
Tiiil 8 8.00 3 38 2 25 2 25 1 13 

2 ml 18 9.00 8 44 6 33 3 16 1 6 
5 ml 40 8.00 18 45 11 28 7 18 4 10 

*3 ml 240 8.00 119 50 65 27 40 17 16 7 
C:l ml 0 0 0 0 0 0 0 0 0 0 x 8.25 44 28 19 9 

x 47 27 18 9 

fil1?.!!! MEDIA WASH 
Wash 1 212 212 1 170 39 2 
Wash 2 86 86 2 65 15 4 
Wash 3 5 5 0 3 1 1 
control 0 0 0 0 0 0 

T
0

3030 3 l 238 79 55 18 7 2 

1f!J2M QfilLfil! 
control 0 0 0 0 0 0 
sup. l:A 155 155 2 28 124 1 

II :B 305 152.5 4 26 119 4 
X 153.3 3 27 1215 2.5 

sup. 2:A 50 50 2 8 38 2 
crushed 
hydra 27 0 3 22 2 

Ti2060 50 3 353 17 1617 78 47 2 

1il1lli! DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 
wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

filQB.! CRUSH 
control 0 0 0 0 0 0 
sup. l:A 185 185 3 35 140 7 
" :B 311 155.5 2 29 179 6 

X 170.3 2.5 32 129.5 6.5 
sup. 2:A 33 33 1 6 25 l 
crushed 
hydra 19 0 3 15 l 

'1\ 2052 ·55 2 383 19 1560 76 76 4 x 3 18 77 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 20 

~ 
ML DIL. COLONY BAC/Mf WHITE ~T ORANGE ~T YELLOW ~T BEIGE ~T 

USED COUNTS (x 10) COUNT COUNT COUNT COUNT 
30°C: 
--mil 7 7.00 4 57 2 29 1 14 0 0 

2 ml 17 8.50 8 47 6 35 3 18 0 0 
5 ml 52 10.40 24 46 15 29 7 14 6 12 

*3 ml 261 8.70 135 52 63 24 42 16 21 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.65 51 29 16 5 
16°c: 
7:°nil 8 s.oo 4 50 2 25 1 13 1 13 

2 ml 19 9.50 10 53 4 21 3 16 2 11 
5 ml 37 7.40 23 62 8 22 4 11 2 5 

*3 ml 216 1.20 105 49 57 26 36 17 18 8 
C: l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.03 = 54 24 14 9 
X 53 27 15 7 

HYDRA~ WASH 
Wash 1 230 230 2 183 42 3 
Wash 2 66 66 1 51 13 1 
Wash 3 4 4 0 3 1 0 
control 0 0 0 0 0 0 

T
0

3000 3 1 237 79 56 19 4 1 

mM CRUSH 
control 0 0 0 0 0 0 
sup. l:A 152 152 3 25 119 5 
" :B 309 _ 154.5 1 30 122 2 

X 153.25 2 27.5 120.5 3.5 
sup. 2:A 49 49 2 8 37 2 
crushed 
hydra 29 1 4 23 1 

T12052 41 2 359 18 1598 78 56 3 

HYDRA DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 
wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 181 181 1 33 146 1 

II :B 286 _ 143 3 26 109 5 
X 162 2 29.5 127.5 3 

sup, 2:A 41 41 l 7 31 2 
0ru1hed 
hydra 32 0 6 25 l 

T12062 30 2 371 18 1610 78 51 :, 
x 2 18 78 :, 



APPENDIX A: EXPERIMENTAL DATA; DATE: May 21 

MEDIA 

ML DIL COLONY BAC/ML WHITE %T ORANGE ~T YELLOW :'T BEIGE ~T 
USED COUNTS (x 104) COUNT COUNT COUNT COUNT 

30°C: 
1ml 8 8.00 3 38 2 25 2 25 1 13 

2 ml 17 8.50 9 53 4 24 2 12 2 12 
5 ml 48 9.60 25 52 13 27 6 13 4 8 

*3 ml 223 7.43 116 52 54 24 37 17 16 7 
C:l ml 0 0 0 0 0 0 0 0 0 0 

x 8.38 49 25 17 10 
16°c: 
tnil 8 8.00 4 50 2 25 2 25 0 0 

2 ml 17 8.50 8 47 6 35 2 12 1 6 
5 ml 42 8.40 22 52 10 24 6 14 4 10 

*3 ml 238 7.93 121 51 63 27 36 15 18 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.21 50 28 17 6 
x 50 27 17 8 

HYDRA MEDIA WASH 
'Nash 1 231 231 2 183 44 2 
Wash 2 70 70 4 51 12 3 
Wash 3 3 3 0 2 1 0 
control 0 0 0 0 0 0 

T
0

3040 6 2 236 77 57 19 5 2 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 175 175 2 35 136 2 

II :B 288 144 1 27 114 2 
X 159.5 1.5 31 125 2 

sup. 2:A 45 45 1 6 37 1 
crushed 
hydra 19 2 2 14 1 

Ti2064 27 1 372 18 1634 79 31 2 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

!!TIIB! CRUSH 

control 0 0 0 0 0 0 
sup. l:A 170 170 6 34 121 9 
" :B 301 150.5 1 30 119 1 

X 160.25 -~. 5 32 120 5 

sup. 2:A 42 42 2 7 30 3 
crushed 
hydra 36 3 7 24 2 

Ti2059 58 3 397 19 1524 74 82 4 
X 2 19 77 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 25 

MEDIA 

ML DIL. COLONY BAC/Mt WHITE %T ORANGE %T YELLOW %T BEIGE %T 
USED COUNTS {x 10) COUNT COUNT COUNT COUNT 

30°c: 
1ml 9 9.00 5 56 2 22 2 22 0 0 

2 ml 16 8.00 7 44 4 25 3 19 2 13 
5 ml 39 7.80 20 51 9 23 7 18 3 8 

*3 ml 241 8.03 125 52 67 28 33 14 16 7 
C:l nil 0 - 0 0 0 0 0 0 0 0 0 

X 8.21 51 25 18 7 
16°c: 
1ml 8 8.00 3 38 3 38 1 13 1 13 

2 ml 19 9.50 9 47 5 26 3 16 2 11 
5 ml 39 7.80 22 56 9 23 5 13 3 8 

*3 ml 211 7.03 llO 52 52 25 32 13 17 8 
C:l ml 0 - 0 0 0 0 0 0 15 0 0 

X 8.08 = 48 28 14 10 
X 50 27 16 9 

HYDRA MEDIA WASH 
Wash 1 219 219 1 171 43 4 
Wash 2 81 81 3 60 14 4 
Wash 3 4 4 0 2 2 0 
control 0 0 0 0 0 0 

T
0

3040 4 1 233 77 59 19 8 3 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 163 163 1 31 129 2 

II :B 302 151 2 26 121 2 
X 157 1.5 28.5 125 2 

sup. 2: A 45 45 3 8 34 0 
crushed 
hydra 22 1 4 15 2 

Ti 2042 46 2 369 18 1605 79 22 l 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 161 161 0 30 131 0 
" :B 291 145. 5 2 28 114 2 

X 153.3 1 29 122.5 1 

sup. 2:A 52 52 3 9 37 3 
crushed 
hydra 30 0 6 22 2 

T1 2083 40 2 386 19 1617 78 42 2 
X 2 19 79 2 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 26 

MEDIA 

ML DIL COLONY BAC/Mf WHITE %T ORANGE %T YELLOW %T BEIGE ~T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

30°c: 
1ml 8 8.00 3 38 2 25 1 13 1 13 

2 ml 16 8.00 8 50 5 31 3 19 1 6 
5 ml 41 8.20 19 46 11 27 8 20 3 7 

*3 ml 270 9.00 139 52 70 26 38 14 23 9 
C:l ml 0 0 0 0 0 0 0 0 0 0 

x a.30 47 27 17 9 
16°c: 
1ml 8 8.00 3 38 2 25 2 25 1 13 

2 ml 18 9.00 10 56 5 28 2 11 1 6 
5 ml 43 8.60 26 60 9 21 5 12 3 7 

*3 ml 255 8.50 132 52 66 26 40 16 17 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8. 53 52 25 16 8 
x 50 26 17 9 

HYDRA MEDIA WASH 
Wash 1 238 238 0 191 45 2 
Wash 2 64 64 1 49 11 3 
Wash 3 0 0 0 0 0 0 
control ~ 0 0 0 0 0 

T
0

3020 1 .3 240 80 56 19 5 2 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. 1 :A 158 158 0 30 126 2 
sup. :B 303 151.5 1 2 121 1 

X 154.75 .5 29.5 123. 5 1.5 
sup. 2:A 52 52 1 9 40 2 
crushed 
hydra 19 0 2 16 1 

T12087 16 1 387 19 1651 79 36 2 

HYDRA DISINFECTANT~ 
wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. l:A 171 171 2 34 135 0 

II :B 295 147.5 2 25 118 3 -X 159.25 2 29.5 126.5 1.5 
sup. 2:A 46 46 0 9 35 1 
crushed 
hydra 24 l 5 17 1 

Ti 2077 21 1 390 19 1632 79 26 1 
X 1 19 79 2 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 27 

MEDIA 

ML DIL COLONY BAC/Mt WHITE ~T ORANGE ~T YELLOW ~T BEIGE ~T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT 

~: ml 9 9.00 4 44 3 33 2 22 0 0 
2 ml 18 9.00 10 56 4 22 2 11 2 11 
5 ml 42 8.40 19 45 16 38 4 9 3 1 

*3 ml 280 9.33 133 48 78 27 46 16 24 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.93 48 30 14 6 

16°c: 
Tiii1 9 9.00 3 33 3 33 2 22 1 11 

2 ml 17 8.50 7 41 5 29 4 23 1 6 
5 ml 49 9.80 29 59 11 22 6 12 3 6 

*3 ml 280 9.33 141 50 69 25 44 16 26 9 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 9.16 = 46 27 18 8 
X 47 29 16 7 

HYDRA MEDIA~ 
Wash 1 224 224 3 172 43 6 
Wash 2 75 75 2 61 10 2 
Wash 3 3 3 0 2 1 0 
control 0 0 0 0 0 0 

T
0

3020 5 2 235 78 54 18 8 3 

HYDRA 2.fillfil! 
control 0 0 0 0 0 0 
s u p. l:A 156 156 0 31 124 l 

II :B 310 _ 155 2 27 120 6 
X 155.5 1 29 122 3.5 

sup. 2 :A 48 48 2 8 36 2 
crushed 
hydra 17 0 3 13 1 

T12052 30 2 373 18 1593 78 56 3 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

!!!QM CRUSH 
control 0 0 0 0 0 0 
sup. l:A 169 169 2 33 131 3 

II :B 301 _ 150.5 1 26 121 3 
X 159.75 1.5 29.5 126 3 

sup. 2:A 45 45 2 6 36 l 
crushed 
hydra 20 0 3 15 2 

T12068 35 2 358 17 1635 79 42 2 
X 2 18 79 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: May 28 

MEDIA 

ML DIL COLONY BAC/~ WHITE ~T ORANGE ~T YELLOW ~T BEIGE ~T 
USED COUNTS (x 10) COUNT COUNT COUNT COUNT *: ml 9 9.00 5 56 3 33 1 11 0 0 
2 ml 19 9.50 8 42 5 26 4 21 2 10 
5 ml 52 10.40 29 56 16 31 4 8 3 6 

*3 ml 280 9. 33 138 49 69 25 49 17 24 9 
C:l ml 0 0 0 0 0 0 0 0 0 0 

X 9. 33 50 29 14 6 

16°c: 
"Tml 9 9.00 4 44 3 33 2 22 0 0 

2 ml 18 9.00 9 50 4 22 4 22 1 6 
5 ml 58 11.60 32 55 13 22 9 15 4 7 

*3 ml 284 9.47 147 52 65 23 45 16 29 9 
C:l ml 0 0 0 0 0 0 0 0 0 0 x 9.77 = 50 25 19 6 

X 50 27 17 6 

~ MEDIA WASH 
Wash 1 239 239 1 189 46 3 
Wash 2 60 60 2 44 13 1 
wash 3 2 2 0 2 0 0 
control 0 0 0 0 0 0 

T
0

3010 3 1 235 78 59 20 4 1 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 153 153 0 30 122 1 

II :B 307 _ 153-5 3 28 120 3 
X 153.25 1.5 29 121 2 

sup. 2 :A 52 52 0 10 41 1 
crushed 
hydra 17 1 3 12 1 

T12070 16 1 393 19 1632 79 31 2 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 180 180 3 34 141 2 
" :B 282 _ 141 1 26 111 3 

X 160.5 2 30 126 2.5 
sup. 2:A 43 43 0 7 34 2 
crushed 
hydra · 31 2 3 26 0 

T1 2066 22 l 373 18 1626 79 45 2 
i 1 19 79 2 
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APPENDIX A: EXPERIMENTAL DATA; DATE: June 2 

MEDIA 

ML DIL COLONY BAC/Mf WHITE ,t;T ORANGE "T YELLOW "T BEIGE ~T 
USED COUNTS (x 10 ) COUNT COUNT COUNT COUNT 

30°c: 
7:m1 10 10.00 6 60 2 20 2 20 0 0 

2 ml 27 8.50 15 56 7 26 3 11 2 7 
5 ml 51 10.20 26 51 13 25 8 16 4 8 

*3 ml 248 8.27 122 49 61 25 43 17 22 9 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 9.24 54 24 16 6 
16°c: 
7:nil 10 10.00 5 50 2 20 2 20 2 10 

2 ml 17 8.50 10 59 4 23 4 23 2 6 
5 ml 44 8.80 19 43 12 27 12 27 8 1 

*3 ml 250 8.33 128 51 59 24 59 24 44 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.91 = 51 24 24 9 
X 53 24 20 8 

HYDRA MEDIA WASH 
Wash 1 211 211 2 166 41 2 
Wash 2 82 92 1 72 17 2 
Wash 3 3 3 0 3 0 0 
control 0 0 0 0 0 0 

T
0

3060 3 l 241 79 58 19 4 l 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 171 171 4 31 135 l 
" :B 293 _ 146.5 0 29 118 0 

X 158.75 2 30 126.5 .5 
sup. 2 :A 47 47 3 8 34 2 
crushed 
hydra 29 0 5 22 2 

Ti2087 50 2 385 18 1627 78 27 1 

HYDRA DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 

· Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. l:A 174 174 1 32 138 3 
" ::a 293 _ 146,5 2 29 114 2 

X 160,25 1.5 30.5 126 2,5 

l:'IUP• 21A 4l 41 0 7 ., ., 1 
cruahed 
hydra ,~ 2 4 24 3 

T12046 17 l 379 19 1614 79 38 2 - 2 19 79 X X 
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APPENDIX A: EXPERIMENTAL DATA; DATE: June 3 

MEDIA 
ML DIL COLONY BAC/Mt WHITE %T ORANGE %T YELLOW "T BEIGE "T USED COUNTS (x 10) COUNT COUNT COUNT COUNT 
30°C: 
lml 9 9.00 4 44 3 33 2 11 0 0 

2 ml 22 11.00 10 46 7 32 3 14 2 9 
5 ml 49 9.80 25 51 11 22 9 18 4 8 

*3 ml 257 8.57 133 52 60 22 39 15 25 10 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 9.59 48 27 15 7 
16°c: 
lml 9 9.00 4 44 2 22 2 22 1 11 

2 ml 21 10.50 12 57 4 19 2 10 1 5 
5 ml 50 10.00 27 54 15 30 5 10 3 6 

*3 ml 277 9.23 143 52 67 24 45 16 22 8 
C:l ml 0 0 0 0 0 0 0 0 0 0 

X 9.68 _ 52 24 15 8 
x 50 26 15 8 

~ MEDIA ml! 
Wash 1 222 222 1 178 41 2 
Wash 2 83 83 4 64 12 3 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

T
0

3050 5 2 242 79 53 18 5 2 

!!.Illli! CRUSH 
control 0 0 0 0 0 0 
sup. 1:A 162 162 1 29 131 1 

" :B 298 _ 149 0 29 120 0 
X 155.5 • 5 29 125.5 15 

sup. 2:A 48 48 0 6 40 2 
crushed 
hydra 21 2 3 16 0 

T12056 7 • '3 353 17 1671 81 25 1 

HYDRA DISINFECTANT ml! 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 184 184 3 33 142 6 

II :B 288 144 2 22 117 3 
X 164 2.5 27.5 129.5 4.5 

sup, 2:A 42 42 4 8 31 1 
crushed 
hydra 18 0 3 14 l 

'11 2078 65 3 358 17 1619 78 56 3 1 x 2 17 80 2 
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APPENDIX A: EXPERIMENTAL DATA; DATE: June 4 

MEDIA 
ML DIL COLONY BAO/ML WHITE "T ORANGE "T YELLOW "T BEIGE "T 

USED COUNTS (x 104) COUNT COUNT COUNT COUNT *: ml 9 9.00 4 44 3 33 1 11 l l 
2 ml 16 8.oo 7 44 4 25 3 18 2 12 
5 ml 50 10.00 29 58 11 22 7 14 3 6 

*3 ml 251 a.37 127 51 61 24 42 17 21 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.84 49 26 15 7 
16°c: 
'"Tiil 8 0.00 4 50 3 37 l 13 0 0 

2 ml 19 9.50 10 53 4 21 3 16 2 11 
5 ml 39 7.80 21 54 10 26 5 13 3 8 

*3 ml 263 a.11 136 52 71 27 37 14 19 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.52 = 52 28 14 7 
X 51 27 15 7 

HYDRA MEDIA !'.A§.!! 

Wash 1 220 220 2 176 40 2 
Wash 2 81 81 0 65 14 2 
Wash 3 2 2 0 2 0 0 
control 0 0 0 0 0 0 

T
0

3030 2 1 243 80 54 18 4 l 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 173 173 9 32 121 11 

ii :B 285 _ 142.5 3 29 109 2 
X 157.75 6 30.5 115 6.5 

sup. 2:A 46 46 1 8 35 2 
crushed 
hydra 23 0 3 19 1 

Ti2061 70 3 388 19 1519 74 86 4 

HYDRA DISINFECTANT !'.A§.!! 

wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 

control 0 0 0 0 0 0 
sup. l:A 178 178 0 33 141 4 

II :B 299 149.5 1 29 118 2 x 163.75 .5 31 129.5 3 
sup. 2: A 42 42 2 7 31 2 
cru~hed 

hydra 22 0 4 18 0 
T12080 25 1 384 18 1623 78 50 2 

i2 19 76 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: June 6 

MEDIA 
ML DIL COLONY BAC/Mt' WHITE "T ORANGE "T YELLOW "T BEIGE "T USED . COUNTS (x 10) COUNT COUNT COUNT COUNT 

~: ml 8 a.oo 4 50 2 25 2 25 0 0 
2 ml 16 a.co 7 44 5 31 3 18 l 6 
5 ml 39 1.ao 20 51 11 28 5 13 3 8 

*3 ml 253 8.43 132 52 65 26 38 15 ·1a 7 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.06 49 28 18 5 
16°c: 
1ml 9 9.00 4 44 3 33 1 11 1 11 

2 ml 17 8.50 8 47 5 29 3 18 1 6 
5 ml 39 1.80 18 47 9 23 8 . 21 4 10 

*3 ml 210 7,00 102 49 55 26 36 17 17 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.08 = 47 28 17 9 
X 48 28 18 7 

HYDRA MEDIA !'.!fill 
Wash 1 221 221 2 173 39 7 
Wash 2 79 79 0 62 lb 1 
Wash 3 4 4 0 4 0 0 
control 0 0 0 0 0 0 

T0 3040 2 1 239 79 55 18 8 3 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 161 161 2 33 122 4 
" :B 294 _ 147 1 27 116 3 

X 154 1.5 30 119 3.5 
sup. 2:A 52 52 1 8 42 1 
crushed 
hydra 16 0 3 12 l 

T12076 25 l 383 19 1622 78 46 2 

HYDRA DISINFECTANT~ 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 172 172 2 35 129 6 
" :B 300 _ 150 3 27 116 4 

X 161 2.5 31 122.5 5 
sup. 2:A 44 44 l 8 33 2 
oruehed 
hydra 29 1 7 19 2 

T12079 36 2 397 19 1574 76 72 4 
X 2 19 77 3 
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APPENDIX A: EXPERIMENTAL DATA; DATE: June 7 

MEDIA 
ML DIL COLONY BAC/Mf WHITE ~T ORANGE "T YELLOW "T BEIGE "T 

USED COUNTS (x 10) COUNT COUNT COUNT COUNT *: ml 8 8.00 4 50 3 38 1 13 0 0 
2 ml 16 8.00 7 44 5 31 3 19 1 6 
5 ml 41 8.20 19 46 12 29 7 17 3 1 

*3 ml 259 8.63 134 52 67 26 42 16 16 6 
C:1 ml · 0 - 0 0 0 0 0 0 0 0 0 

X 8.21 48 24 16 5 
16°c: 
Tiiil 8 8.oo 3 38 2 25 2 25 1 13 

2 ml 17 8.50 8 47 5 29 3 18 1 6 
5 ml 38 7.60 18 47 11 29 5 13 4 11 

*3 ml 244 8.13 123 50 63 26 39 16 19 8 
C:l ml 0 - 0 0 0 0 0 0 0 0 0 

X 8.06 = 45 27 18 9 
X 47 26 17 7 

fil!IB! MEDIA fil!! 
Wash 1 223 223 3 176 37 7 
wash 2 79 79 1 63 13 2 
Wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

' T
0

3020 4 1 239 79 50 17 9 3 

HYDRA Qfil!.fill 
control 0 0 0 0 0 0 
sup. l:A 162 162 4 29 124 5 

II :B 297 _ 148.5 1 28 118 2 
X 155.25 2.5 28.5 121 3.5 

sup. 2:A 47 47 1 8 37 1 
crushed 
hydra 24 < 1 5 16 2 

T12047 36 2 370 18 1596 78 42 2 

HYDRA DISINFECTANT WASH 
Wash 1 0 0 0 0 0 0 
Wash 2 0 0 0 0 0 0 
wash 3 0 0 0 0 0 0 
control 0 0 0 0 0 0 

To 0 0 0 0 0 0 0 0 0 

HYDRA CRUSH 
control 0 0 0 0 0 0 
sup. l:A 170 170 1 29 136 4 

II :B 291 145.5 2 28 113 3 
X 157.75 1.5 28.5 124.5 3.5 

sup. 2:A 44 44 l 1 34 2 
crushed 
hydra 31 0 8 22 1 

T12049 25 l 363 17 1607 78 56 3 
Xl 17 78 3 
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APPENDIX B 

MAINTENANCE CHART 

DA 'rE FED CHANGE CHANGE TEMPERATURE 
(AM) I (AM) II (PM) oC 

4/27 9:00 10:00 17:00 16.0 
4/28 9:00 10:00 16:30 16.0 
4/29 10:00 11:00 18:00 15.8 
5/1 9:45 10:45 18:00 15.8 
5/2 10:00 11:00 17:00 15.8 
5/3 10:00 11:00 22:00 16.0 
5/4 9:30 10:30 18:00 16.0 
5/5 10:00 11:00 18:00 16.0 
5/6 10:00 11:00 17:00 15.8 
5/8 9:00 10:00 16:00 16.0 
5/9 10:00 11:00 16:30 16.0 
5/10 10:00 11:00 17:00 16.0 
5/11 10:00 11:30 17:00 16.0 
5/12 9:30 10:30 17:00 15.6 
5/15 10:00 11:00 16:30 15.8 
5/16 10:00 11:00 17:00 15.8 
5/17 10:00 11:00 17:00 16.0 
5/18 10:00 12:00 17:00 16.0 
5/19 10:00 11:00 17:00 16.0 
5/20 10:00 11:00 17:00 16.0 
5/22 9:00 10:00 16:00 16.0 
5/23 9:30 10:30 16:00 16.0 
5/24 9:30 10:30 16:00 16.0 
5/25 10:00 11:00 17:00 16.0 
5/26 10:00 11:00 16:30 15.8 
5/27 10:00 11:30 18:00 16.0 
5/30 9:00 10:00 16:00 15.6 
5/31 9:30 10:30 16:30 15.8 
6/1 9:30 10:30 16:30 15.8 
6/2 10:00 11:00 17:00 16.0 
6/3 9:00 10:00 16:00 16.0 
6/5 10:00 11:00 17:30 16.0 
6/6 10:00 11:30 16:30 16.0 
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