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RS TRACT
This thesis explored bthe possibilibty of wsing wlbrasonicc
treatment to reduce the amount of microbiological growth in a
sample of  contaminated mill wastewaler., [t was tfound that
ultrasonic treatment reduces microbiological arowth through
the mechanism  of avi batyon., percent inhlibillron

increasaes with both time of treatment &nd applied power., The

mest  @conomical concditions  were  high power  and  a  shorb
treatment time.

The increase in cell volume had an inverse eftect on the
percent dnhibition. fhe 1ncrease 1n  consistency ot  the
treated solution  a&lso had an  dinverse effect on  the percent
inhibition and &% was the maximum treatable consistency.

Ultrasonic treatment was compared to three popular
iocides at a 9DO4 inhbibition level. The  bilocldes used were
Methylene His (Thiocyanate) , laothiazoling and & Thiadiazine
type. Dosades to  achieve Y04 inhibition were LS54 ppm., 1é&L
ppm., and 127 ppm. respectively.  The 0%  inhibition level
was reached with 0,018 8 W hraes.s of enerdgy, using wtrasonic
treatment. This energy was scaled up to &.0807 HFE day/ton.

Further studies are veecommended in the araas of cell

geametry, determination of the maximum power efficiency. and
the developement of & dynamic model to  test wlhrasonic

treatment in a situation oriented more towards the paper mill

@nviromeant .
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The goal of thi s

wltrasonic treatment

arowth that are found 2
contaminated whitewater

levels of Wl trasonic

interval . e same

Cpopular birocides to  de

PO inhibition level of

Fhe results £ or

Lo determine

effect an redacing the

which  power  level was

reduction ot the total

comparison with the

Fhe  power consumpt L on

Lo the  amoun

tnhibition. e

consistency and cell vo

e discussed,

Coaam

whi tewat er

i ol ces

.

determination

IWMTRODUCT LON

thesis proiect s Lo determine i+

kil the types of microbiologlcal

nothe paper machine system. HSamples of

will be subjected to various power

treatment for  a  variety of  time

will be treated with three

termine the amount needed to obtain a

microbiological growth.

all wltrasomnic treatments will byes

it the wltrasonic treatment had an

total amount of biological growth and

mest economical . If there is any

count due to wltrasomic treatment, a

will e macde at YO07% inhibition.

of the wlbtrasomnic treatment will be

of biocrde needed to achieve SO

of Lhe  trends concermnlng

lume ot  the treated samples will also



Tk QR T LGAL RDISCUSESTON
Backgrouncs
Microbiological growth can cause major problems in many

AL A o Aerobes, whioh -

gquire oxyaen to exist, are generally

slime formers. The production of slime can resuwlt in strings

which will «re shreaks in  the sheet o entire deposits

can break loose and flow  through the system, hese deposits
can cawse Large holes an the sheet or even create a break in
the web (10),

A turbucle is another type of deposit that is formed in

the papermaking sveten, This 1  a hard circular deposit that

forms on the inside of pilipe The aerobes

trapped underneath

the tuwbuele

wp o all  the  air and  die. Facwlative

araer ok e, which do  not br

at.he air, multiply rapidly and
produce M. The presence of H,ﬁ and oxygen produces HJSU,

which corrodes  the pipe and  prodac

a small green  dot on
the outside of the pipe. This dot will soon become a leak,
ALl anaerobes produce M5 and  can lead to corrosion problems
throughout the machine 2,2%,10),

There are many types of chemicals that are manuwfacturecd
to  reduce  the amount of microbiological growth  in the
ancl

papermachine system, The chemicals are called biocid

are especifically desioned to eliminate biological growth.
There are  some  draw-backs associated with the wse of

bhiocides. Firet, bhiocud

are fairly exdpensive o0 as little

A ) )%

ihle mast be wsed. Secondly, some of the biocicdes



mostly the chlorine type compounds, can  cause corrosion and
machine wear (4),

I a method of reducing the total microbiological  count

of & sem could be  devised, without producing machine wear
or effluent clean-up problems, 1t would be an extreme benedit
to  the paper industev, Some ﬁwwww. chemicals, such  as
ITao—-thiazolin, can  be newtralized to reduce the eftfluent
Load. My thesis will explore  the possibility of  wsing
wltrasonic treatment to reduce the total amount of biological
arowth. Uiltrasonic treatment wouwld produce no machine wear ov

in o the effluent load.

any inc

Ultrasonic Treatments

(o wltrasonic  wave traveling throuwgn a  mediuam consi
af altermating COCHME G 6 1 CIrVES arnd raretactions., The

sl an oa  medium

rarefactions are the regilions of low pres
traversed by compresslonal waves., Lt the wave 1s applied to
a liguid and i strong enough, countless microscoplc bubbles
are formed and  then collapsed. This phenomenon i known as
cavitation. Cavitaticon is imparitive to the reduaction  of
microbiologic growth. It the enerqgy i the wave 1%
sufficiently intense, the bubbles collapse with great force,
producing Local presswe changes of thousands of atmospheres.
The release of mechanical energy 1% 0 intense that 1t is
able to tmtaily destiroy  cell walls and tear particles aparct

)

i



To produce wultrasoni

af  high intensity I will be
waineg the WIBYS Sonifier  Cell Discruaptor. The  Sondfier Gell
Disruptor consists of a transistorized power - supply o &

convertear , ancd a disruptor  horn (sae  appendix H#1) . The

conver tear CoErami ¢ oas the

Lt anal

active pi The converter has a fixed

fraguency and  operale at 20 ki, he horn s used as &

mere i ér i L ansd ormer ., It s oW

to achieve the proper

force amplitude ratio bhelwear

the converter and the Liguid
(%)« There are a variety of horns availilable but the standard

disruptor horn is used for disintigration of cells.

Temperatureas

When energy, such as  wltrasonic waves, is applied to a

iner

Ligquid, the temperatuwe of Do Ligquicd i “ I I+ the

temperatuwr-e of  the treated solutions 1% ralsed above  L140°F

the solution cowld be sterilirec

(146). This would be

included in the per At Anhibition of the treatment  and a

false value would result. To e@liminate the possibility of
thermal staerilization the samples will be cooled while being

treated. During the wltrasonic treatment the temperatuwrs of

the solutions will be monittored to assure that they do not

reach the sterilization temperaturea. After the samples are

treataed they will be cooled to inhibit any further growth

of whi tewa

activitv, Samp L ol owntal

@r will be refrigera

they areae e arcl any further growth.



Hiocides:

The wltrasonic treatment will be compared to  three
papular  biocides. These biocides were obtained feom  HBebs
FaperChem Tne. The biocides wused were:

) weemetihyl =d-1gothiarsolimn—3-0ne
with E-—chloro-2-methyl-4~isothiazolin-3-one
commonly called lTsothiazolin

L4) Methylene Bis (Thiocoyamnate) commonly called MERT

() Tetrahydero=5,5-Dimethyl~2H-1,5, % Thi adi azine-2~Thi one
commonly called Thiadiazine

e structures of these blocides are as  shown below in

Figure #1 (7):

N ‘
S'//// \\CH3 Cl 5////

S—C=N N
J/ ,
B. Hac\ C.
S—C(C=N HC S S

Fagure # Ly Structuwres of biocides,

[



These biocides destroy the microbiological growth by
interupting  the enzyme production in the cell. When o the
biocides come in contact with the cell the rings open and the
thione groups interfere with the thione groups pr@ﬁ@ﬁt in the
el l. his 1interference disrupts the normal 2 yme
production of the cell and desroys the cell.  The MBT biocide
also  interupts the enzyme production  through the oyanide

groups (7).

Material s

e materials needed to pertorm the total counts and
toic @evaluations £ o thig experiment consisted £ f
conventi onal microbiologlcal plating materials. These
material s weras

"

30 Feted  oishes CLOO mm, % 220 mm.)

e Disposable pipets:
. L2100 ml. incremented for bliocide measurements.
2. Qudy 1.0, and L.l ml. incremented for serial

dilutions.

il Tryptone Glucose Extract Agar (T—aaar) .

4, Sterile 99 ml. water blanks +or serial dilutions,

Wil HO oml. graduated oviinder for contaminated waler

mezasir ement .
Tese  materials  were obtained from  the WML paper

department stockeroom and Bill Forester.

)



Chemicalss:

The only chemicals needed for this eswperiment were the
biocides. These chemicals were obtained from Bet: Paperchem,
Jacksonville Florida. The three biocides recleved werea:s

e X526 Methviene Bis(hiocyanate).

@ RX-~68 2*m&thy1w4w1$wthiaxwlinFEwmnm anc

Sechloro-R2-methy L ~4-{asothiazol in-d-one.

K RX-28  Tetrahydeo-3,S-dimethyl =2H-1 5 ~Thiadiazine-Z-~thione.

Ihe eguipment nee

-

dered for this experiment was obtained by
individual Co R 6 W The wltrasonic  wnit, Soniftier Cell
Disruptor, was obtained throwgh De. Stephen  Friedman of the
WML Biomedical Sciences department. his unit was wsed to
treat the samples ot contaminated water.

AN incubator was needsd to  store the pelrl dishes while
e Colonihes were g awlng . Aowalk-an ancubator  was wsed in
the  mucrobiology Lab. Fermission was  obbained ferom M,
Vivian Locke. She i the senior lab technician  in charge of
the lab. The incubator is  kept at a constant temperature of
379C.

AN oven for holding the cooked agar was also obtained
from Ms. Locke. This oven was kept at S55° C. The T-agar is
in a solid phase at room  temperature and omust be heated to
obtain the ligquid phase. The oven 1s used to keep the —agar
hot enough to remain in the liguid phase, but not bot enough

to sterilize the plated samples.



A pressure cooker for making Tragar and also sterilizing
the T-agar was wsed in the microbiology lab. Froduction of
—agar was supervised by Ms. Locke. ALl ingredients for the

obtained from the Lab. The T—ac)ar macle in  the

Teac)ar  wer e
lab was  consistent with the T-agar obtained from  bhe paper

clepartment (8).

Frocedures

To  begin  this thesis, & sample of whitewater was
obtalned from the James River Boardmill. The water sample was
obtained  from the open  canal  which routes the waste
whitewater from the machines to the clarifiares. Waing this
sample, & control was grown in a T-agar solution to determine
the  amount  of microbiological qQrowth present, the total
count . This count  was determined by the saerial dilution
method shown bn appendix H#d.

The three biocides were then testaed on the contaminatecd
whitewater gsample to determine the percent anhibition at 10
PRm. . D0 ppmoy 100 ppm. and 1O ppm. A Linear regressi on
was thaen pertormed to determine the parts per omillion (ppm.)
of  biocide needed to obtain Q04 inhibition. Waing these
hiocides a dilution type toxicant evaluation was performed
(sere appencix  #5) ., The treatment time for the biocides was
fiftean minutas. This test will show which bilocides are the
most effective and  at what concentrations an  acceptable

microbiological growth reduaction of Q04 can be achieved.



Samples of the whitewalteor ware aleso subiected to
wltrasonic treatment. The intensity, controlled by the

output of  the power supply, and the time of treatment was

srmine bhe most

variecd to e adventagiows conditions at which

the wltrasomic treatment showld be applied. e wltrason o

wnit was run at power levels 3, S, and 7 on a unitless scale.
The power output, in watts, was recorded for each run S0 an
@enargy caloulation may be  perftormed. The samples were
treated for L, A, 5, 7, and 9 minute intervals. The sampl e
silre was LOO ml,

The temper at e orf the whitewater samp L e Was

contraolled by placing the amp Les in an e bhath. Ut e

concitions, such as consistency  and  cell volume  remailnec

constant . The  samples were mixed every fifteen seconds to

sLerer thorough  treatment theowgh out the  wsample. The
samples were then plated to  determine the amount  of

microbiological  growth ati Ll Gontrols were also

plated and a  determination  of  percent inhibibtion was

el
After determining the most efficient power level for the
inhibition of microoraganisms, (level 7)), the samples were

treatecd at variouws cell volumes. Sampleds af S0 mhe .y 1O0 ml.y

23
=
T3
=
3
~
£
+

LEO ml.y 200 ml., and 250 ml. were treated at a constant Lime

interval and consistency. The treatment time was & minutas

and  the comns Lency was  O.OL4%., The  wsoluwtions were  then

plated with controle to determine the percent dnhibition.




A plot of cell volume ve. percent inhibition will show the
trend that increasing  the ceal 1 volume has  on percent
inhikbition.,

Also  at the most afficient  power  level, samples of
varying consdiastency were treated at a constant bime interval
anc el l volume  CloOml. ). Bampl as of LeQUAy @00Q%4,  J.0%,
A4.0%,y G.0%4e  and 6.0%4 conslstency were treated. he sample
solutions and controls were then plated and the percent.
inhibition for each run was caloculated. A plot of percent
consistency ve. percent inhibition will show the trend that
increasing  consistency has  on percent inhibition wusing &
constant cell volume.

Al runs were  pertormed  an duplicate. Data for

individual runs La shown in appendix #4,

10



RESUL.TS

The following results were obtained from  data compiled

adurinag th s experiment.

Table #1: Fercent Inhibition for Fower Levels at Various Times.
Fime  (m) Level .4 Level U Level 7
1 15,0 17.9 23.1
3 ' 28,0 39,9 46,0
i SO 42.8 S52.
7 42.0 T 7h

? o/ IR AR 78,4 88.0

* ALl Values in Fercent (4).

Table #2: Average Fower Output for Variouws Levels.

lL.eeverl Fower Output (Watts)

8O

[

& 89,1

7 fol.g

11



Table #3: Power and Energy Output for Levels at Various Times,

Time (m)

L.evel

Fower
o
B0
78.5
GO0

79.0

!
Ermeray
0,004
IRERIR )
QL QOGE
(). QOYH

VLOLLY

L.exvel %

Fower Eneray

87 .

Q OuOOLE

7.0 0w OO 44

HBO.0 O.OO7E

“91"

W WDaQLOE

GO 0O.OLE6

Energy = ki hre

Power = Watts

l.evel

Fower
100, 0
99,0
104,0
LOZ.0

104.0

Z
Enerqy
O.OOL7
0y QOO
QL0087
Q.Y

Q.Q1L%EE

Table #4: Fercent Inhibition for Biocides at Variouws Dosages.

Do acie

1O

100

150

(ppm)

MERT

67“'7

7443

Bl.4

&894

* MLl Values

Tasothiaroalin

59,9

G S

77.9

837.7

in Fercent

Thiadiagine

bbyu 9

VRS

85,9

3.2

(7).



Fatble +HES

EGL o ol e
lvpe ppm
MET
Isothiazolin

Thi acdl azine

* Al

Fabla #és b b Y ER ERE

e e e ek O

Comparison of Biocides to Ultrasonic

rexeced

154 5

Lél b

Laz 7

|2Vl

Treatment at 9DO%

Inhibition.

Whtrasond e Treatment,

Time C(m)
1744
I

rerqy (kW hirs)
G QTS

V. Q178

Ve 15E

L Values Caloulated From Linear Regression Data.

T @atment

Ul trasonitc

Ul trasonic

Ultrasonic

l.exverl 34

L.eavel %

l.eavel 7

MBT filiocide

laothiazolin

Thiadlaz

Eiocice

ine Biocide

—
i

Eauatian of
wo (A )
(b, B9 n +

w (7.79)n b

Data $or Ulitrasonic Treatment and Blocddes.

Line

(LL.70)
(L5, 60)
(L7.40)
(bb . H0)
(Hh.BO)

(bba.49)



Fable #7:

Cell Volume.

180

SO0

A0

* ALl

mEn

S

samp l

Fatbl e #81  Percent

Consistency

0.014
1. OO0

24000
L0000
4, 000
.00
& QOO
* A1l

sampl es were 100

FPercent Inhibition for

ml ) o

WEN" €

ITmkibition

Ultrasonic

Inhiabition

bb.

45,2
Sl

ig.1

treated for B ominutes at power levael 7.

for WUltrasonic Treatmeaent at

(%) Z Anhikbition
59, 4
42,9
A4 O
il
14,0

a7

ml. and treated for 5 minutes at power level

14

Mreatment at Variouws Cell Volumes.

Variouws Gonsistencles.

‘7 -



Table #9:  Conversion of Energy Output.

Most efficient wltrasonic run = Q.0LlHE8 kW hre, /100 ml.

OuOLE8 kW hes, 7100 ml.o % 103410 = 00,0212 HPMes. /100 ml.

OLuORLE HP hre. /100 ml. * (L day/Z24 hrs) = 0,000887%55 HF day/100 ml.

0. OOOEEIE M day/ 100 mb. * (L ml/Z) @) % (454 g/ 1b) = 0.00401L0L HeEday/Li

Q.uOO40101L MR day/lbh. * (2000 Ih/ 1 tom) = §,0207 HRday/ton

Fable #Hioy Statistical Analysis of Ultrasonic Treatment Rums.

EOAE 6 atie) clhf M5 e =
AN CTime) WAL ) PRI TOI Y I T IO T L
I CFower ) XA T 7y L Q41 19,356 Y.
Mk e or) Abyal D73 & . 01O Q.9 4,00

v v g Ak éyw OED B b Q7

Tertal LESY7 . G563 <5

* 0 F o ovalues from FOLO0Laelb,rd) table showing a 994 Confidence Interval (9).
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Effect of Biocides
on Percent Inhibition

% Inhibition

100

50 H 1 i i i 1 -
o) 20 40 60 80 100 120 140 180
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Figure #4:

Effect of Cell Volume
on Percent Inhibition

% Inhibition
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—— Level 7 @ b minutes
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DISCUSSION OF RESULTS
The effect of wltrasonic treatment on microbiologlcal
growth i1s shown in table #1 and in figure #2.  Table #1 shows
the percent inhibition for the variows wltrasonic treatment
KA 5 W Tabhle #1 also shows that, as the treatment time or the
poOwer level 18 increased, the percent inhibition 18  also
inereased.  Filgure #2  is a plot of percent inhibition verse

time for  various power  levels, The plotted Lines are the

Fesult of a Llinear regression performed on  the data. These

lines represent the inhibition rates for the various power
levels an  amount of microbiological growth reduced per wunit
time Figuwes B2 also  shows  that power  level 7 had the
i ghest inhibition rate. This ie indicated by the fact that
the lLevel Z line has the highest slope. As shown by these

trendes gy WeE  Can k=)

that wltrasonic treatment had a definite

effect on the reduction of microbiological arowth.

Table #2 shows the average power ouwtput, in watts, for
each lLevel . Table #HI shows the actual power output for each
Funoand the energy appliled to the solution in kilowatt houwrs.,
Table #I also shows that as the time of treatment is
increased the amount of energy reqgquired 1s also increased.

Table #4 and figure #5  show the effect that the three
biocides had on the amount of microbiological growth. Figure
A ols a plot of percent inhibition verse concentration of the
biocide, in parts per million. The lines represent the
trends and are calcuwlated from a linear regression  of the

data. The linear regression for  the three bilocldes and the

290
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various power levels of wltrasomic treatment are  shown in
table #é6. Table #4 shows  the percent inhibition for  the
variouws dosages of each bioclde.

Table #HE ahows @ comparison of  the biocides to  the
wltrasonic  treatment  at  QO4 inhibition., fivee Gk add axd ne
biocide was  the most effective biocide at  reducing  the
micraobiologlocal arowtih. MMis  biocide needed LE7 ppm. o
achiaeve & Y04 inhibition. The  MEBT  and the ilsothlazolin

biocides were qguite comparible and needed LS54 ppm.  and 161

ppm. respectively. Table #3 also shows that as the power of
the wlitrasonic treatment 1s increased the treatment time is

stor e that  the lowest

decraased., The  mc interaesting  fa

energy 19 obtained from the highest power level. This shows

that the most economical application of ultrasonic treatment

is achieved with & hiah power dosage for a short  period of
time, Table #9 shows that the most economical run resulted in
an o oenergy consumption  of 8B.0207  HE o day/ston., fhese values

were calocuwlated from  the Linear regression Lines shown in

table #6.
Table #7  and figuwre #4  show the effect of  varying the
treatment cell volume. Table #7 shows the percent inhibition

for various cell volumes treated for 9 minutes at power level

7. As  the cell volume is increased the percent inhibition

decreasas his trend 1s shown in  fligure #4 which 1s a plot

af percent inhibition verse cell volume in milliliters. Fimom
this data we can conclude that the percent inhibition is

inversely proportional to the cell volume.



The effect of sample consistency on  percent inhibition
e shown dn table #HE and  An filoguwee #E. Samples  of 100 ml.

werea treated for 9 minut at  power level 7. Table #8 shows

the percent rnhibition  for all runs., MAs bthe consistency 1s
increased the percent inhibition decreases. This trend shows
that percent  inkiba b on e dnversely proportional to
consistency of the treated solution. Figure B is a plot of
percent inhibition verse percent consistency which shows this
trend. 'he plot ends at &4.0% consistency weaere there was no
visible cavitation an the solution, Tt is believed that &.0%
consiestency s the Limit for wtrasonic treatment.

Due  to  the large variations dncuwreed when plating

microbiological Gl ooy a statistical aral yesi s W

e arved trends we

ary to prove that the obe

@ slgnificant.
Tabhle #1IO ahows the results Of this anal vels. Using the suam
Of SR s (86%) , the degrees of freedom ), and the mean

aguared  valuwes (MS) & calculated Fo valuwe was determined.

This valuwe was compared to the F values from a 99% confidence
interval  table. e table shows that the wvariation in
treatment time was significant being Fo » F. The wvariation
of the power levels was also significant being Fo o . The
interaction between treatment time and power level (AR 1
not significant being Fo o < F. The lack of interaction is
also shown an figuere #2  being the trend Lines are relatively
paralleael. It there was interaction between treatment time
ancd the power levels then the trend lines would across over

one anothar,

)
N



CONCLUS TONG
In this thesis experiment 1t was found that wltrasonic
treatment did have a positive effect on  the reduction of
microbiological growth. The wltrasonic treatment works
throuwgh a mechanism of cavitation in the liguid solution to
destroy the microbiologloal cells.
The percent inhibition increased with both  time of
treatment and appliaed power. The most economical conditions
were high power and Low treatment time.

e increase in cell volume had anm inverse effect on the

percent inhibition. e the volume of the treatment cell was
increased the percent 1nhipltion decreasod,

Iy LN ERAGE LD G shency wes @l s inversely
preoportional o percent inhibition. As the consistency of
the treated solution  was increased  the percent  inhibition
clercraasad., The  maximuam consistency which was treatable was
€y W7 At this consistency there was no visible cavitation.

he wltrasonic treatment compared to the biocide dosages

of approximatel LEO partes per million when wsin the meest
Y ;

popular market biocides.

~
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FECOMMERMDAT LOMNS

To further this thesis study [ recommend the following
wor b

This experiment was a static model, theretore a
scale-up  to a per ton basis was not applicable. Also &
scale-up of this natwre implies that tﬁis data would work in
the mill sitwation, which 18 a dynamic system. If o an
wltrasonic treatment wunit could be fitted to a pipe of

flowing stock, & dynamic situwation couwld be simulated. The

effects of flow rate, consistency, and cross sectional area
af the pipe could be explored. This data would be one step

closer to the actual mill situwation.

The  next logical pp would  be o use  a number  of
wlhtrasonic units in series on a pipe. This would give longer
tr@atm&nt Limes at  any flow rate. This experiment would
determine o f there 1$  any interaction between wlitrasonic
unite, such  as a cancelling out  of waves due to phase
problems  orF an increase in o in applied energy due  to o oa
compounding effect.

Obtainirng an ultrasonic unit that has an ouwtput greater
than 10% watts would give the possibility of finding out if
there 16 & madimum power level on  the basis of energy
eftficiency. The wnit [ used bhad a 108 watt madimum which
limited my research. Aleso a study of cell geometry would be
interesting. This wouwld correlate  to the type of pipe

inwhich the ultrasonic tip should be placed.
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cppendry #s Diagram ot the Ultrasonic treatment Unit.,

Figure 1

SONIFIER Cell Disruptor

Power Supply
Ccnverter
Disruptor Horn
Timing Control
Cutput Control
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Sample

1.O mL

1.0 ml.

TP Wy

23 ﬁﬁ E\ 3
1S
- | — e
17100 110,000 171,000,000
1.O mL 1.0 mL
I . B ———=r
99 mL 99 ml.
\“/
Etc.
—_

0.1 mlL. 0.l mL O.l mL
< A

1.0 mL 1.0 mL

Procedure Used When Making Dilutions for Quantitalive Bacleriological Determinations



Appencdls Has

D1 agram OF «

Diriation bvpe

o icant Evaluwat i on

Biocide
A I mL L
99 mL
Control | Aliquots
8

b4

i

Fic*e Initicl Cons

rCis l

-

I mL .2 mlL 3 mL embL
 / v Y Y
10fgpm 20ppm 30 ppm 40 ppm
99 mL 99 mlL Q9 mL SS9 mL

L J

Incutcate Aliquots

,

Flcie Aliquots

v
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Incubate Plates
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Csunt Plates
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fAppendix B4y Data fop Biocide Treatment Runs.

Biocide Treatment 1 ate couwnt
Type Dosage (ppm) Rur A R B AV W

MET Lo 1559 147 L&
w0 142 Lo 122

1OO 74 1O (=15

ITsothiazolin 10 196 - 1el L0
EHO LEO 1983 Lé&d

Control 4é&5 482 475

Taathiazolin 1O 71 113 102

Thii el d @l re 10O (81
WiW 9b
1OO 557

N B2
& iy &
ol
<

Control G4 6% 459 462

MET L8O 8] b2 Hé
Taothiazolin L0 b3 &7 ]
i aci asine 1E0 KO 452 S

GControl 1R EEHO

Ln
k2
~

* ALl counts were performecd on the 10E-3 dilution plate.
* AL counts are X LOEYH



Appendix #3: Data for Ultrasonic Treatment Runs.

Fower Treatment Flate count
L.evel Time (mirn) Furn @ R B Ava .

2hé
]

ar S

294
249

s
252

£

ey
ud o v

= 1 266 B0 264
= 24 L70 208
E RO L9 198

abhé
L&z
164

7 1 A
A 142
& 1837

ontrol AR FE4 a4 &

3 7 228 234 231
% 180 194 187

& 7 169 177 173
9 1O 91 98

7 7 116 108 112
9 47 49 48

Control 408 EQ0 A

®* ALL counts were paertormed on the 10E-5 dilution plate.
*  AlL counts are X LOES
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