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Background 

Total coliform testing to determine potability of drinking water has been performed 
routinely on Wisconsin well waters since the beginning of the 20" century. The data 
derived from this testing has driven the development and continuous improvement of 

| the administrative codes that regulate well construction and maintenance. The quality 
| assurance program associated with laboratory testing for coliforms establishes 

maximum sample holding times (APHA, 1998)’. For public water supply testing, these 
| holding times are established by the United States Environmental Protection Agency 

- (USEPA, 1989)*. The agency uses published data and expert opinion as the basis for 
setting the required holding times. Currently the holding time is set at 30 hours. In 
Wisconsin, the Laboratory of Hygiene (WSLH) did an extensive study that demonstrated 

_ coliforms actually survive quite well for up to 48 hours at ambient temperatures in typical 
Wisconsin well water samples (Standridge, 1983)°. Subsequent to this study, the 

| USEPA granted an exception for the WSLH to allow compliance testing for total 
| coliforms up to 48 hours after collection. This exception has permitted a high 

compliance rate for required testing of drinking waters, even from remote areas of the 

state where delivery to the laboratory can often take two days. 
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| During the mid nineties, changes in available technology moved the testing of drinking 
water ahead by a quantum leap. The introduction of enzyme based assays allowed for 

| low cost, rapid testing for E. coli simultaneously with total coliform analysis. (Edberg, 
1989, McCarty, 1992). The advent of this new technology has allowed public health 

| officials to rethink how they look at indicator testing of drinking water aimed at reducing 
| the incidence of waterborne disease. While total coliform testing has been the | 

cornerstone of lab based water supply protection activities, the reality is that the test 
| often sounds false alarms. (Standridge, 1996). The intent of coliform testing is to detect 

situations where fecal material has compromised a water source. Since coliforms can 
: exist in many non-fecal environments, a large percentage of the positive tests occur in 

| situations where no fecal contamination is present. This false positivity often results in 
| poor expenditures of resources to deal with problems that are not a real public health 
| threat. On the other hand the detection of E. coli provides direct unequivocal evidence 

of fecal contamination and does warrant a strong response from public health experts. 
The ability to easily detect E. coli has precipitated actual changes and proposed 
changes in how officials respond to coliform/E. colitesting results. For regulated public 
water supplies, the USEPA has removed total coliform positivity as a trigger for 

: emergency (boil water) or acute violations where "boil water" advisories are issued. 
The only way a total coliform result can trigger a boil water order is if it is coupled with : 

| another test from the same time period that was E. coli positive. For privately owned 
| water wells the Wisconsin Department of Natural Resources has discussed a move to 

| a two level interpretation of bacteriological water tests. Wells testing positive for total 
| coliforms only could be classified as “at risk" and wells with both total coliform and E. 
| coli present would be classified as "unsafe". 

| This general move towards decision making based on E. co/itest results, creates a 
a need for understanding whether or not E. coli survives as well as the total coliform 

group while samples are in transit to the laboratory. Previously published work in this 

| area is incomplete since it focused primarily on surface waters and studied a limited 
| array of temperatures and storage times. The work described in this report provides 

| information to more completely understand the issue of E. coli survival in water 
samples. The topic of establishing holding times for water samples submitted for E. coli 

| testing is extremely important and timely. If E. colidies off during transit to the 
laboratory, unsafe water supplies could be classified as safe. Decisions aimed at 
increasing the emphasis placed on E. coli positivity are close at hand. The data 

: presented in this study provides information for making data based decisions regarding 
| sample preservation requirements. 

| Experimental Design 

| The purpose of this study was to provide data on the survival of E. coli in water 
| samples, to be used in setting storage a handling requirements. The ability of a 

: bacterium to survive in a water environment is dependent on temperature, time, 

: available nutrients, competing microbial flora and the presence of toxicants. (Le 
| Chevallier, 1990, Smith, 1989). 
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| Temperature 

Most drinking water samples submitted as a part of a monitoring program are collected 
- and shipped to the laboratory with no attempt to control transit temperatures. In 

| Wisconsin, an attempt is made to hold ambient temperature by shipping samples in 
| individual styrofoam'™ mailers. While a properly collected groundwater sample may 

| begin its trip to the lab at 10-15°C, it often arrives at the laboratory as warm as 30°C. At 
| the other end of standard practice, there are some laboratories that require samples be 

| cooled during transit, where proper cooling of the sample is defined as a final transit 

temperature below 10°C. This is usually accomplished by submitting the sample in 
| some sort of insulated "cooler" with pre-frozen ice packs. There is ample evidence 

| — showing that the enzymatic activities that may lead to the death of a bacterium | 
essentially stop at temperatures less than 4°C. (Standridge, 1983 and 1987). To 
achieve this temperature, samples must be submitted in an insulated cooler in direct 

| contact with wet ice where the ice mass must exceed the mass of the sample. With any 
attempts to cool samples, care must be taken to assure that the samples do not freeze, 
as freezing of bacterial cells will often lyse the cell wall. Given this variety of 

| temperatures routinely used by laboratories, the researchers chose to include four 
different temperature variables; 4°C, 10°C, 20°C and 30°C. 

Concerns were raised between using strictly controlled temperatures, with refrigerators 

_ and incubators, verses use of coolers and ice as is used in actual practice. The 
researchers decided that to more clearly understand the effects of specific temperatures 
and to produce consistent and reliable data it would be advantageous to use precise 

: temperature control achieved with thermostatically controlled refrigerators and 

incubators. | 

Time | 

Opinions and practice on the maximum allowable storage time for water samples prior 
| to bacteriological analysis varies substantially. Some scientists feel that testing must be 

done immediately after collection, as is the practice for larger utilities that have their own 
laboratories. At the WSLH, 90% of all samples are tested within 30 hours of collection, 

with the remaining samples tested within 48 hours: Other Wisconsin laboratories testing 
| private water supplies accept samples up to 72 hours after collection. The range of 

| holding times selected for this study was based on actual practice for Wisconsin labs; 
| immediately after collection/preparation, eight hours, 30 hours, 48 hours and 72 hours 

after collection. | 

Chemical make-up and microbial flora | 

Another critical factor that affects survival of a bacterium in water is the overall chemical 

| make-up of the water. This is a complex issue that includes many factors such as pH,



| buffering capacity, carbon nitrogen and phosphorous content, heavy metal toxicants, 
and organic toxicants. (Standridge, 1983, Le Chevallier, 1990, Smith 1989). | 

Due to the difficulty in preparing waters that truly represent naturally occurring chemical 
conditions, the researchers chose to use a variety of natural Wisconsin waters, 
collected across the seasons, that truly represented the actual conditions seen in 
Wisconsin groundwater’s. This approach also allowed testing on a variety of microbial 

| | floras that might affect coliform survival. 

| Experimental Protocol | : 
Sample collection/preparation: 

. Fifteen water samples were collected from southern Wisconsin to provide a variety of 
| chemically and microbiologically diverse waters representing different geological 

formations, well depths and types of well construction. An attempt was made to collect 
| samples from naturally contaminated wells. Contaminated wells were chosen based on 

| previously determined positive results from groundwaters submitted to the WSLH for 
: routine testing. Phone calls were made to these locations to acquire permission to take 
| water samples. Unfortunately, only two naturally contaminated samples were 
| successfully collected and tested. Most of the samples were not contaminated and 

~ required spiking with laboratory cultures. Additionally, samples were collected from 
| polluted surface water sources to provide "worst case" scenario water types. 
: Characterizations of the samples are provided in Table 1. 

- Table 1 

| Site ID | Site Description _ | Date Collected 

| fGW [Dane Private well in heavily farmed area 4/23/2001 

KW 18 foot sand point well 50 feet from the 7/09/2001 

Yahara river in a residential area | | 

W W Agricultural area dog fecal material 7/16/2001 

observed near wel 

st W Waupaca | Shallow sand point well 150 feet from Bear | 7/31/2001 

Lake in a residential/lightly farmed area. 
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: So W 6 inch, cased 100 foot drilled well in | 10/31/2001 Pep 
BE Pe es 
EP 

Oetf W | Waushara|} Machine operators facility ina non-farmed | 2/5/2002 aS 
| CpW_ | Sauk Sand point well , gas station/convenience 2/05/2002 

| | | store in light commercial | 

| development/agriculture area 

| NW Clark —_| Motel in non-ag rural area. Very old well 3/29/2002 fea] 
re 

_ Blcw W | Waukesha] church located in village of Wales near light | 4/15/2002 

Pee 
| Lwdp Spring fed pond source water to 6/22/01 SS 
Ee 

| 5 |



Sampling sites were chosen to be within two hours driving distance of Madison. On the 
day before each experiment, a sample was collected and an initial determination was 

made to estimate background levels of E. coli. On the day of the experiment, a driver 
was dispatched to the sampling site to collect a 20-liter sample, which was iced and 

| returned to the laboratory. Within 2 hours of collection aliquots of the well mixed sample 
were placed in sterile plastic sample bottles. The uncontaminated samples were 

immediately spiked with two known concentrations of E. coli. The two concentrations of 
: organism used were 10 to 15 E. coli bacteria/100 ml and 100 to 150 E. coli bacteria/100 

ml. These numbers were chosen to represent organism concentration levels normally | 
| seen in contaminated drinking water samples. A single passage master culture of an 

environmental isolate of E. coli was aliquoted to freezing media vials and frozen at —70° 
- C for use as the spiking organism. The strain was verified as E. coliusing the API 20E 

enteric bacteria identification system and conventional biochemicals. For each water 

: sample tested, one frozen vial was thawed and grown in trypticase soy broth and 
| incubated at 35°C overnight. This master culture was then serially diluted. To reach the 

desired number of organisms, the McFarland Equivalence Turbidity Standard was used. 
| A McFarland 0.5 turbidity standard represents a solution with approximately 1.5 X 10° 

organisms per milliliter. Using a manual spectrophotometer, the master E. coli culture 
| was diluted to reach that of the 0.5 McFarland standard using phosphate buffer as a 

diluent. From the McFarland 0.5 standard dilution, three more successive dilutions of 
| 1:1000, 1:1000 and 1:10 were made. The second 1:1000 (=1.5 X 10° E. coli /ml) and 
| the 1:10 (=1.5 X 70 E. coliiml) were used to spike the water samples. For the unspiked 

samples, 60 bottles were prepared (3 replicates x 4 holding temperatures x 5 time 
| intervals). For the spiked samples this number was doubled due to the two spiking 

concentrations. | 

Sample holding condition: 
Appropriate numbers of samples from each group were placed in refrigerators or 

incubators designed to hold closely to the predetermined temperatures. Temperatures 

were monitored using Thermochron iButtons™. The Thermochron iButton™ integrates a 
. thermometer, a clock/calendar, a thermal history log and 512 bytes of additional 

memory into a small stainless steel case the size of approximately 5 dimes. The — 
| thermometer measures temperature from —40°C to +85°C in 0.5 increments, while the 

clock measures seconds to years accurately to +1 minute per month from 0°C to 45°C. 
| (Thermochron, 2000)’. Temperature monitoring with the iButton was done by using a 

separate bottle filled with 100 ml of sterile water and placing the iButton in the bottle. 
| The iButtons™ were programmed to collect temperature data every 15 minutes. This | 

| bottle was then refrigerated or incubated along with the rest of the bottles for each of the 
four temperatures. After 72 hours the iButton was removed from the bottle and the data 
was downloaded to a personal computer which archived the data and created a 

| thermograph of sample temperature versus time. 

| E. colitesting: 
All testing for E. coli was done using the MMO-MUG defined substrate (Colilert™) 
methodology with Quantitray 2000™ most probable number enumeration following | 

Standard Methods procedures. This technique resulted in a numeric value for E. coli 
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| levels. (Edberg, 1989, APHA, 1998)°. Due to the low precision of the most probable 
| number enumeration, all tests were done in triplicate to increase the robustness of the 

database thus reducing the standard error around the data points. 

| Quality assurance/ Quality control: 
A Quality Assurance (QA) plan was designed for this study to ensure that all data are of 
known quality. The Wisconsin State Laboratory of Hygiene Water Microbiology unit is 
certified by both the USEPA and the Wisconsin Department of Agriculture and 

| Consumer Protection for all the analyses performed for this study. All aspects of the : 
project were managed with a team approach using tools such as timed agendas, flow 

charting, brainstorming, time lines, "plan do check act" action plans, "equal air time" 

| meeting processes, cause and effect diagrams, extensive use of data in decision 
| processes and continuous focus on the customer's (Ground water Coordinating Council) 

needs and expectations. The team included a quality assurance data check as part of 
each team meeting. All experiments stayed within control limits except where noted. 
Temperature holding refrigerators and incubators were occasionally adjusted. 

Results: | 

Note: In order to facilitate any possible future uses of the data created from this 

| study, all of the raw data from each sampling event are presented in appendices 
1-15. | 

With 1,620 E. coli measurements, the data set from this study is fairly large. One 
: way to begin understanding the data is to look at it in summary form. To begin 

with we have combined all of the data from the 12 samples that were spiked with 
| E. coli. All of the counts from all of the holding temperatures from each sample 

| run have been averaged and are then plotted against each time interval. This 
four line summary graph is presented below as Figure 1. This graph shows two 
general trends. First, E. coliconcentrations in a sample decrease over time, and 

| secondly, E. coliconcentrations decrease more rapidly at warmer temperatures. 

7



i ke 

OED Le oe oe Ge Le) 

J 

Us 
ee DD 

oe 

. 

All Ss 

se LL 
Lie Ugg y - 

_ 

. 

ee _ 
iy GIB Mes ey 

a ; 

. 

ee eee ae Le ee ae 7 me 7: i: = 
oo ae 

nooo oe 
ee ee ye Lo 

ee Woe 
ee ee - 

. : 

| | 

-— 

es Le ip a
 

, ee Lo 
ie Ge Gee Eee 

. 

SC 
oo UES pe 

. 
ee ae Le i

 
oy Ly Be 

s 
ed 

aD 
 
.
 

Ze a ie o
o
.
 

eT 
] 

| : : : : 

bin 

- oe 2
 SO ee : - S| 

ee a —— 7 

| 

: 
_ oo ee Pe es EE 

fi eee Ly gee YE Ly ie es LD ie, ag 

/ — 

ee ae ey I 
ee 

ee ge es ye 
He gis Ly 

eee gp ee OEE 

: 
7 

ee: ee ee ge . Lo Yi ee, Le oo ee 

| 

ee OS DO _ 2 
Le Wo 

Le Ze 

-
 

oe eee ee aes ee ey Se 

OU 
pees 

ge BEERS Be i a
 

ee y
e
 Z Le 

ee Yusee yy 
BEN 

— _. —
 

ee 
ee ee Lo 

ey ee ee oe Mee 
ee Wie - 

Ee 
ae Bs 

— oe _ 
OD . Le L os yy 

ee Le 

 . eierras Be pee ees 
es oe. RSS 

pais Bees Be Os y See 
pe Vie see eae sii 

Mey, bs 
6s 

ES 
es Pg: Gey EGE Lee) 

¥ 

i a 
Bs _
 

Be i Ee ee a 
ee ey Le 

petite ey o
F
 

Li 

yy BE PE GE 
ge, 

ee 
es es eee 

es SO 
oe 

cee se ee ae oe Le 
o
e
 

ee ee es Bee _
 

Ge se; BE Ee 
ee 

 . 
— 

 . ee oe ees 

ee a 
2 ce 

Le 
ee 

ee . 

La, Lge pee Zo 

8 _ 

ee 

ee ee ee 
ES Mee Le Lo Mee s Lo 

es 
OD 

 . ee i 

spect ee ee PEE es ey es - Le oe, . . : - : : ! . : , z
 : :

 

ae — 
os ao. 

ee ee ee oo 
ee Pepe yo 

ee 
ey By, ye ay Ee eg Lie A 

By ee 

Sea aa se ioe 
eee ee aes ie os 

f ee soe bis 
ESE os ee 

ees az Beas Se 

DD pas ee: 
eee Boos ee LUE 

fe LETS Loe ge Mey 
EUS EE 

ELD LE, ie Pe 
ey ee Lhe eo 

SS oe 
— 

_ _ 
— 

 . LD yy 
yy Ly Le ey Z a 

: 

i sree e
e
 

-_ 
LL a oe Lo 

. 
ee 

oF es 
HS 

oe ee EES 2 
LD z Ly ee oy _

 By — 
‘ Le Lo 

oe ee a, Ze 

oe 

 . 
ie 

ee oe a 

 . 

8 
ete oe ee we — 

ss 
oe yy _ 

ay Zo 
Mai ve Lo 

ee . 
) 

.
 

es oe ee _ 
ep 2 

 . Lo Le ys — 

ie oy pe 

—_ 

eee 

ee oe 
oe 

es So 
ss oe oo 

ee — 

ee ee ee ee oe EE es 
ee ey os ALLELE 

a
 

ey 

—
 

es 

ae 
oe 

ee 

if 

ee 
. 

ey og Lae Lo 
ee oo Ly A

 7 

| 

. — 
ee es oe @ e

e
 ee — ps es . _

.
 s : : : : . 

C : 2
 

| 

TT 
ee LL 

ee 
 . 

BS ee 

é ee SS ihe 

| Le oe 
. 

Oo Le Be es Vigoss Le Le i; ye 
ey oe 

Ey 

d eg 

F

e

 

ees oS a

e

 

n
y
 

es Le 
ss yo 

ieee Le, 

ee 
i 

4 

2 
 . ne ee Be RS Eee ee SE pee as % oO 

ee es es si eee ee ees ee es Beas 
ee = ee, Ee e SESS oe fe Bees i BOO 

OEE ee ES ies ye eens Ey ee BEBE LEE Sek 
o
e
 eS 

- 

ee 

0 
EES 

. 
ee 

a _ 

oy 
ee oie ye oe 

es Bee 

ee ms ps Bake Lee 
ge 

ee o
o
.
 

é a
 

e 
ie Le 

re ey Ls thse 
eD Yee Posies) ig 

iy ie Ie ULE: 3 

r 

; 

2S oe 
oo 

ee 

ce eee oe 
Gs 
. 
a
 

es ee 
we So 

ee 
eee 

ye Le ee LES 
 . 

i 
es pee 

ee eo 
2
 

Lyset 
oe % Bye CE LEDs Wee: 

eg 

a
 

: a : | ce . 
o
e
 

ee ee 
 . ie ee oo i a ee oe —

 

ee ee ee ee 
Le ee 

eg ee ee ges LL Se) 

d 

a
 : , S

e
 7 a
 e 

. Be eS pes ~~ 
ee oe Ey ee i oy ne, Oe Le 

. es Ae LE 

4 0 

2 
: 5 . | e . _ 

8 ae 
8 EO ae $ 

ee ae 
ee i see 

aaa no Bi 
rn 

So 
ee Ue Lie 

ee Lee 
LDP Ge SEES ees a

 BSED Tye is LYE ie 

e 

:
 . :

 
“ Z : . _

 
—— 

ee Es ree eae: 
8 

nied 
_
 

ny _ 
ig eg Maes 

Lege ay, Le Ly 
oe ey egy EEE oy, BIE 

e 

_ 

La 
ee Pe 

ee e _ 

ey 
SS 

ee oe 
ee oe 

tees es 

ee 
es aise i 

he 
be: 

becca 

ee 
Ly 

ee Zo 
Ly 

ey 
ye SEE E SS 

r 

. 

poten 

fe 

. 
ne 

ee _ 

Ee 
oe 

es ee 
— 

ee 
oe 

ee 

Epes fee 
Soe 

ep, LDiscon 
Pipe 

VEE Ly 
ee 
C

e

 

ae on 

deg 

a
 =

 —
 ee o

s
 oS o

e
 o 

o
e
 Ly O 

20 

=

 
=

 
: : : 

~ ae Ee 
oe 

o
o
.
 

ee oe PEG eas a a 
ee Bs ee oe ee oe ue ee —

 

ee 

ae es we os 

6 

ee as ae e
e
 isi ae —— io , ee 

& = ~ ~ “ =

 =

 

| 

o
 

: os K og 
= 
o
e
 

a
 

_ 

es 
oo 

PEy 

L a 
oe 

Ly 

. 
Ge 

Le 
EE 

deg 

. 
—S 

ey S

e

g

.

 

_
 

|. 
Bae sion 

ee 

 . 
ee 

ye 
ey ee iy 

oO 

LL 
Le 

~ Lo 

30 

—
 

—- 
< 

eS 

. Ee eee es ee 

ae 
EE 

ae 
7 Le 

8
 

pie a
 

. 
ie 

* Bie 

o
S
 

— 

oe 
SS — 

Lie De 
es sg S

L

 

Le ee 

a

 

a

 

- 

es _ 

e
G
 

Le ee en 
< 

a
e
 

| o
s
 

-. ee Be 
ee 

 . 
. 

es ciao ee ee 

ee hs eer 

7 
ie g oe 

gee 
oo: ~~ 

a
 

Ye ae ae Oye so 

7
 

ee ee a
 

28 Ps Phi 
ge 

sess iS 
os 

ee i

 

ee 
ee oe oe 

ie yy 
ys ee ee 

o
e
 

Mea 
Vie ee 

wy, EI 
iB, 

_ 
ie _
.
 

oe _
 

ae ee see oe Leet 

_ 

ie 
2 

fe 

g 

.
 
UE LD oe pasa Ey _ 

op a
 

y 
es 

yy Le 
eS 

0 
Bee o

e
 Bee 

 . EO ee 
. ce soe ae ee 

ee ee eg 
oe 

ey ae ee 
es Looe Gere: ee ee vee 

ee ee Ge ue ee i Le 
ee 

8 * = 
: 

: : 
: 

} 

: 

8 
ae oe 

has 

ES 7 i

 

ee 
Ea Gis ieee 

eee Mee eee ee pee 
gs Ys Le PE 

oD 
Ze Sees es 

sy SO 
nie ELE g SR Le 

o
s
 - o

e
 

ee 

Bee 
ss Te 

8
 

 . 
ee ii ee ee a yy ae 

Oe _
.
 

eee Ze ag LW Z ee co 

ey Ye ee 7 

t
e
 

. ee 

ones 
es 

o
e
 

a 
ee _ 

Oe 
oo 

— 

ee yy ee 
es g; Ue o

e
 

a
)
 

oe _ 

oui 
oo 

SO 

ee ee 

_— 

ey co 

2 
_ 

ig ey 
oo. 

Ly oo 

o
o
 

8
 

— 

_ 

_ 
ee oe oe 

es oo 
Loos es oe we o

e
 

j a
 

| 

a
e
 

oe ee pe o

e

 

a 
. : 7
 

a ys _ 
ee Le 

oe 

e

e

 

ee es Me a 

. 

.
 

ae oe 
_ 

ee eae 
ee Le By LE — 

ey es se a
 

gee We See so 

o
e
 

ss eat 
ee Le ae 

esas 
ae sie 

ae 
oe pee 

ee 23 
Ee 

ee 
eee ane as 

ee 
ee 

oe 
Ps 

COE 
Lo 

Gs ee 
Z 

CC 
pete Le 

pg ee 
ee 

se ge Yigg 
We 

iy rae 
abil oe 

@ 
es oe _ 

ae 

| a 
oe 

Se oe ee a 
ee oe 

eu 

ee t 
DD Cee 

ee 
Be ye ae 

iy 
ui ee 

ee es Ls ee USD Eee ree es ees i 

a
 

oe aS ee Se oe pee — 
eS i — a : G Q : 

, : 

: | 

o
o
 

nines 
es one: ee 

>
 

ae ee 2
 

ee ee 
j 

ee a
 

og 
os 

ee 
ip 

es Mie, ae sie 
es ee py By ie 

Le, Mike BS, Le 
if) 

ee Ce 
ee 

 . oe cs 

_ 

8 a 

. 
ee 

 «. 
Les ee LL 

pee, es har oe 

es 

es 

ee —
 

a

 

ee —
 

— ee o
e
 

Y o
o
 

ep 

a 
o
e
 

i. ee ye Le ee ee 

-— 

ce _ 

4
 

_
 

ee _ 
ce 

ee Bee 

7 ae os Lo 

i 
pete ey Pe 

ae by ye i eee 
es 

: 

ee _
 

oe He 
Bs 

CD ee — 

. 
oe 

 _ ee a pe 
ee ee es ee Loe Be Lo 

Le Lope Li ee 

BARTER 
ee ene 

ee 
ee se 

Ra a es 
gee ee OG 

ES eee ee ee Se 
Ce 

eee — 
Be 

Ee oe eS GEE: i ees 

E 
ee ee ee ie ie: Lo 

a ie eg oe Ws fe Le iy Wg 
Bi Mie 

ee 
fs 

0 
_ 

8 

ees 

oe 7 _ 
ss 

ee oe ee ae ee 

ee  . So 
oe 

7 oe yee ie ee 
Ce ee 

ee 
age La oe Ee 

Lee ae DL 

° 
i
 

ee 
eee: Hs a 

2
 

ee oe 
os 

ee 
.
 

 . j ee. eo EE os - 
Ls oe byes Be Be jee oe 

. 
8 eg eee 

e 

e
e
 

ee ee ee a 
- 

FF 

e
e
 

i
e
 ~ : - e

e
 ee 

— 
roe Le ee e i

 ey oo Se ee 

oe 
aes oe 

ee oe ee Se oe piesa ee 
ee 

ee ee 
ee ee ee 

ee 
ee es 

ee ee ee Le Ee EE Le Ee 
os EL, 

ee oi Ly ee ey 
ee 

_
 

ee 

ee f oe 

ee 5 — 
Coe ee ee: es 

. fies Oe: ie ees 
ees 

ee So 

a ee ies Bae oe a ee sy LO 
i: Ee, ee, Stes yy Bee Ly 

ey Luo 

oe es oe ve oo -— 
——— Lae ee  . Se o

e
 se 

- a

 a
 o

S

 : : 

as  . oe 
. foe 

 - 

: — —
 —
 

a
e
 : ; 

: | 

 . 
oo a a

 - 
ce a
 — 

ee 8 a — aes | = : a
 3 5 : : 

- 
= 

: a
 7 _ 

_ 
a ees is oe _ 

ee ee Ee ee Ee _ 
y 

es g Lee Le eee 4 

oo 
_ 

ee 
ee 

ae 
o
e
 

_ 

 . 
ces 

ee ee es Lege 
ee Ly ee 

ey ee ey Gees gs <
 

oe We 

is 
ae Snes Re 

Res 

pass eee Ce 
Boon oe ee tee 

—_ 

ee f 

ees ee ss ee ee se eee 
POL nie eee ee 

5 

ee pies ee 
ae 

EG 
ye 

8 ee fe es 
ee thi bg te ee 

Yes iy Lo eon 

_
 

oo 
eee oe 

ee 

ee — 
e 

5 e
e
 

oe ee ee as Lo ee 
2 yO 

ie oy Z ae : So ge. Le oS ae 

oD ae ee 

a
 

eee ee ee : ee 
ee _ 

oe 
—
 

oe 
Oe HS Bee oe 

ee 
es Be 

a Lays 
ee 

is Le 
ee oy Yee 

a se ee 
bees ee i 

E 

ce ee os 
Lee Re oo 

oe SEE 
ES. ee: oe 

es ee Hee Be Ss 
eee eee 

Ge eee 

Pee es 
ee ES 

ee gee 
ey LE 

es iy 
Le fe 

ee Pee ee 
Me: Be 

2 
; 

2 a
 ; 

: : a _
 

ae ee eras sa eee ee GHEE ee Ree eee Lee is eS ee ies tg Hes Spee ee ye BS He Ee bine ee ee Lig 
ae MEGS ee 

: 
: 

o
e
 o

e

 a oS . . 
a oD 

Le —
 Le 

oe eee 
ee 

a
o
 

 . ee ee 
 . i oe 

ae 
Le ee 

oD Lo Le a 
ee o
e
 

A Lo 

pecs 

ae ee Se 

ee 

.
 

ee 
es 

ae 
ee rose 

ee ee 
oe 

a 
ss ee oF 

ee 
iE 

ee 
ie 

sacs 
Ee as 

ee 
Le 

ee 
es Bs Les 

J 

.
 

oo oo _ 

ee 
8 

ee _ 
_ 

es 

ee z _ 
es ey Le 

ee Ue ti 
ey Le Lo 

oe 
iy Ce ye 

| : : : a
 : 

oo 
o ey 

ee oe ee Le ee - 

oo ee oe ee 
ee ee 

ES ae ee 
. ae i i eB 

oS 

60 
oe 

: oo 
ee 

ee oe gee 
ee ia 

ee ee Pe Be 

oe 
Sears 

Oe 
ge ae se 

BEG See 
Hes is 

gee CAG oe eetanesee 
a 

Ly 
es ee Lo 

ee 
WG GEE 

He 

Ee Bee? 
 . 

aes 
ee pee: hae Ee 

ee 
eee 

Oe 
ee Bea 

ee scone ie 

. 
eS Bees f 

ee 
oe 

ee ee Le és ee i Be 
Es 

es EE 
ee pescennieee Z oe _

 

os 
oo 

a ey Ogi 
Be 

ee oe ee pe ee 

_ 
ee eee a 

es ae hi prcnmnre ee 
IS 

es Css 
ee eae 

ee 
eae: shen ee as BEEa Be 

eg 
j Le Le - 

f ee 
es 

RE 
ey 

ee 

3 

a
o
e
 

—— 

_ 
one 

ee 

7
 

Le Ae i 
Le 

 . oe Le 
age OE be 

. 

i
 

ee 

Bees 

ee eee eee oe 

.
 

oe oS Ls Pages ee ee hes 
yy iy, Lo 

. 
ee a a 

ae 
8 

— 

Pa o

e

 

o
o
 

_ 

oe ee _ 

oo 

_
 

sen 
ee 

Be ees 
eB Le ees 

Bs 
oe 

Le 

: 
s 

5
 - : = > o i

 
ee se ee 

ee oe ee So 
ee aes eee 

ie ee 

Lee 
og ey 

oe es Ly 7 es oe Bere ey, 
ee es Hee LEE 

: - 

ee ee as 
Ee 

ee ee ey: 
es 

ee eS 
ae Pie ee 

ee oe ee es Ee 
Gs ee ae eee oe 

ie EE pe Pere ogy 
Le Le 

Es Le aoee es Le JED Be: ep 
oe oe 

ee) ie yee ee 

n
e
 

4 — 7 o
o
 

oS es Le _ 
i a
 ee ee Be Lee Ee Ee Zs pe iy LESS ey OE, ee, ees ee ese Se ee Pigs 

O

k

 
7 ay - 

ee es —
 

Os d oe ee Bae eee eens ee 

Me Le Ee Le es BE Les fy Lah Ze Le) es TI, 

se ee ee oe - 
ee Ee: Se RI be se 

es ae eee es - a
 - : : 

: | : 
: . | : ;

 : | 

| = a : 
—
 

— ese Se De ee pies eae Ce Gee See ee ee 
ge ees ee ee Ee Ee ee oe ee Cae 

ieee Ee, ELE Bias Le 
ee Le LE Se ee igs Oe 

Z 

i
.
 oe ee oe oe scanccsesecs | os 8 ee —

 

z Le 
-
 ‘ 

: 
:
 , : , : | 3 : : : 

: o
e
 

_ 
es ee o

e

 

oe 
—
 

Be yaaa ee oes pe 2
 gay Le by Co 

Le coe ze Lo 
Le 

i 

ee — 
ee —
 

Ss _ 

 
.
 

ie o
e
 

oo 

es ee 

i — 

_ 
Be 

eo ee ae Lo 
y Le 

i
 i —— 

pee 

—
 

ees ee 
o
e
 : 5 : &

 
' : 

_ 

sccessesecees 

eee a 
ee 

oe _ 

eee 
ee: ae 

oe LS 
S
e
 

ey oo 
S eae 

g Le 
Te 

es oe 
eS Fe a oe Le ee Hee 

—
 

| Bs 

.
 

ee 
ae oe a

 ica ES -
 

: oe 
oe oy oe es 

UE ee LEED HE Mie ss 

. 

 . a 

ee 
@ — 

ee es 
ee o
e
 

Ze se Pe ee 
oD ee Be 

ys Lo PEs 

ur 

eee 
eee _ 

o
e
 

ce _ 

. 
eee 

.
 

oy Oe ae 
pe eae Ly 

ho 

oa 
Soe 

 - ee 
ee oe oC 

pie oo oe oe as 

ee 
Ee ee Le 

es ee Le 

2 

: 

_ 

—
 

| 
Se 

oo 
nee PR 

Rae ee 
es Lee ee gs OEE és ee 8 ee es ED ake i, ESE 

ee ae Ze 

. 
ee ees aS oo 

ee ee 

Pee 
Soe ne ie 

oe cee 
Oe ie oe 

ee ee ee 
ee 

ee eee 
o 

Se 

a

 

|. 

Nsv 

ee 
es: 

ee HEY _ oe Be Le ae - - : J a
 : -

 -
 : 

: 

a

e

 

ep ee 

 . oe 

oS ee 

. 

s 
.
 - oo 

ee 
| . _ / - : : a

 

_ 
_. 

‘ 
ee 

eee 
8 

ee 
Es ae Bee 

ee oe es 
ee ee 

eS EE 
ee Ea 

LEE is ee 
ee 

r 

S _ 
 . 

2 bo 

ee ee 

fe 
Hae ee ae e 

ee ae ae ee 
— 

u 

o
e
 _ 

 - ee oat es 

é 
EES OE 

ie 
8 ee ee 

ee 

ho 

es oe 
ee es oe ss 

7 
ee Ss POE ee 

ie es oe 

ee 
7 

ee 
8 

48 

cS 
Sn .

 mee eee ae ee oes Se oe Oe ee ESS 

: _ e S
 

: 

a
e
 

ee a 

ee 
. 

ee ee 
ae ee te 

 . 
es Pe ts 

ee Hee 

Ss oe oe 

ee 
g; 

a ss sie oe BES Be es 
: a 

| ae oo 
— 

eee ee pe 

: ee oe 
8 ee 

.
 

Le 

ee 

c
s
 

Rees e oe s oe 
ee Le ees oe ee Sues ee a e EI 

es oe a
 ji 

a

 

ee ae ao 

es 

ee oe oe 

r 

— 

ee 
cas 

ee 

see 
es ue oe 

eee ee 
ee 

ee 

0 C
o
  . ag o - oe 3 

: 
| 

2 
es 

ee os 
ee ee ee ee See ay 

ee es See 

coe _ | - | 

7
 

en 
ture ca e 

ra 

ee oe es 

ee ee Se 
ae 

Be 

hour 

| tr 
fa 

| 

a 
the 

e 

oo 
_ 

8 

r 
m 

S 

S 
O 

: 
E 2 : me g e t rin 

: Ww 

: p tha hlo the 

0 
0 

ion o an esa ing tem r 
3 : 

. 

of 
ong, "For th holdi be no 

batc de to ikely 

mM W n es 

elu "ho 
. 

the ale 6 
: : 

e the f cons. , cl ; 
: 

I m WwW ; OU 

W estio is for ac lysis. he we te vas :" s 

the q analy ook a istical a irred. 18 well = a : 

oo 
ior to 

n 
tis 

Cu 
In 

or tr 
se 

| 
rio 

can I¢ sta oc d. n 5 

| 3 : ne ve te co 

= 

ve, ba id die alle si - 
: 

abo e pl as C ne O e- : 

= 

SO ites ra lec | : 

Ww 

test This da 
E. co 

ap ling s sa eo this le 
* ° 

| 
p the enc For < 

- : 

sa ore re nt. ve te | 
" 

| | 

be the p rese five Th " | 

y r 
p 

a aly 
. . : 

p ine din uen 7 ‘ " : : 

. 

Id ha 
use 

rese epre interv ° he 
a 

. . 

Ou 
O 

ep sr 
e | 

- 
br = | 

as n 
an mpte fidenc nterv ve a = 

| 
nd 

ta ; sa on 
ro 

3 

a the da ed pl : : 
: 

, 
1 sp e 

se ft 

: 

ain ina 1 
th da - 

: nte | 

ag ing 1 a 
nce 

alning ion 
ese 

nome ers ran oo on 

re 
ddi 

repr insta vhis tatic yt 

for the ime. and agai nk on me 

or ti sg 
: Ing rag rame ¢ a " : 

ho ave time ea " : of the ing one ef ‘ 

| 
Nnoarin bar SW " 

he 55% sured 
ding te tw me. |



| The current standard for holding of water samples prior to E. coli analysis is the 
: USEPA maximum allowable time of eight hours with a suggestion that samples 

| should be iced or refrigerated. Consequently it makes sense to compare the 
: effects of holding time periods to the currently acceptable eight hours. Looking at 
| the combined 4 degree data for the 11 runs spiked with high levels of organisms, 
| (Fig. 2) it is clear that while the counts go down slightly over time, there is no 

statistical difference between numbers of E. coli detected even with the samples 
held for 72 hours. For samples held at 10 degrees (Fig. 3), there is no statistically 

. significant difference between 8 hours and 30 or 48 hours. E. coli levels in 
| _ samples held at 10 degrees for 72 hours decrease to the point where they are 
| statistically lower than the eight hour numbers. For samples held at 20 degrees 
| (Fig. 4), all of the levels in samples stored longer than 8 hours are significantly 

lowered. Looking further at the raw data used to create figure 4, it can be noted 
| that the die-off occurred in three of the eleven samples. Interestingly, the 
| samples stored at 30 degrees (Fig. 5.) while generally showing numbers lower 
| than storage at cooler temperatures, demonstrate no statistical difference 

between samples stored 8 hours, 30 hours. | 
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While the high level spikes provide numbers of organisms in a range usable for 

| | Statistical analysis, samples spiked with low numbers of organisms more closely 
| represent the real world. These data can be examined from a presence/absence 

view point. That is, the public health significance of a sample test result for E. coli 
| is based solely on whether or not the organism can be detected. Therefore a 

holding time and temperature combination would be unacceptable only if it 
resulted in a test result of no E. colidetected. This data is presented in Table 2. 

Table 2. | 

| Number of Samples Out of Eleven Runs Testing Positive for E. coli 
4 | On Samples Spiked with @ 10 Organisms/100mL 

|20degrees | 11 | tt | 10 | BT 
| 30degrees | 17 | 10 | CT CC 

The most striking observation from this data is that E. col/in all the samples held 
| at 4 degrees, and the majority of samples held at 10 degrees is still detectable up 

| to 72 hours. Even at room temperature, the E. coll is still detectable in 10 of the 
11 samples at 30 hours. At the 30 degree temperature, significant die-off occurs 
after eight hours. 

| Since laboratory grown E. coli spikes may behave differently than wild type 
strains, attempts were made to sample sites that were naturally contaminated. 

Our original hope was that we could find a least 10 naturally contaminated wells. 
: In reality we were only able to find two wells, both of which had very low levels of 

contamination. The results are presented below in Table 3. All E. colf counts are 
presented as the average of the three replicates described above. Although this 

| data set is small, it is consistent with the spiked sample data, and suggests that 

Oe Wild type E. coli also tolerate storage over time particularly when the samples | 
are kept cold. 
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, Table 3. 

ClarkCountywell | 
as ee Re ee 

| Temperature | Otime | 8hours | 30hours | 48hours | 
po 4 | tT 

Pp 20,CtisT( te | | 
| 30Crti—=st(C | | 
po 
DaneCountywell | CC 
pt—“iti‘iL:C*; ocHi_—s|_CEccoli_ [| E.coli | E.coli [| E.coli __ 

- 

ft 4 67 4 2 

| Preliminary analysis of the work funded by this study precipitated a USEPA study 
to further evaluate holding times and temperatures for E. coli in surface water 
samples. The protocols for the EPA study were the same as those employed for 

the GWCC study with the exception that the storage temperatures and holding 
times were altered somewhat. The work performed for this aspect of the study is 

presented separately in Table 4. below. The results from these tests are very 
similar to the GWCC results. Little change in E. coli concentrations were 
observed for samples held at both 4 and 10 degrees for up to 48 hours. Some 
die-off did occur at higher storage temperatures. | 

| | 13 : |



—— Table 4. 

USEPA study site 1, Wisconsin River below the Dells dam.* 

‘Temp | _—Otime_ | 8hours | 24hours | 30hours | 48 hours _ 
{4 tT 8 

2070 | 8 tt 
so" Er 

| * Data taken from Quantitray method only - 

| USEPA study site 2, Rainbow Lake-Wisconsin Veterans Home.* 
‘Temp |_Otime_ =| Shours | 24hours | 30hours | 48hours | 

2070 | TT 
35" ET 8 08 

* Data taken from Quantitray method only 

| USEPA study site 3, Lincoln Creek.* 

‘Temp | Otime | 8hours | 24hours | 30hours | 48 hours _ 
aT HA |TKO 8828 
wo 264 | tS | 22ST 207 T1553 
20° | 264 | 283 | 22867 | 120 
35° | || tt CT CE 

| * Data taken from Quantitray method only | 

: USEPA study site 4, Lake Winnebago Oshkosh water intake.” 

‘Temp | _—Otime_ =| 8hours | 24hours [| 30hours | 48 hours | 
aT 2H | tt 220 | 27183 

20° | 24 | | 7183181 
357 | 24 | tt | 81183185 

| * Data taken from Quantitray method only 

Conclusions: While sample holding time criteria is in place for drinking water samples 
| submitted for total coliform analysis, currently the USEPA has no guidelines for sample 

| holding times and shipping temperatures for drinking water samples submitted for E. 

| coli testing. For surface water samples the guidelines state that samples must be 
| refrigerated in transit and tested within eight hours of collection. The general move in 
| the regulation of drinking water towards decision making based on E. coli test results, 
| creates a need for understanding whether or not E. coli survives as well as the total 

| coliform group while samples are in transit to the laboratory. The work described in this 
report provides much of this information. The data provides a strong basis for a decision 

_ to expand the allowable storage time of water samples submitted for E. coli analysis 
| | beyond the current eight hour limit as well as the basis for supporting only one 

14



recommended preservation protocol for both surface waters and drinking water | Oo 
| | samples. 

All samples including those with very low levels of bacteria can safely be preserved for 
| at least 48 hours if held at 4 degrees C, the temperature usually achieved by shipping 

samples packed in wet ice. 48 hour package delivery to Madison can easily be achieved 
| from all areas of Wisconsin. Thus, water samples shipped in coolers packed with wet 

| ice could be accurately analyzed up to 48 hours after collection. The data also shows 
: that in all the trials except one, E. colican be preserved for 48 hours when held at 10 

degrees C, and all samples can be preserved at 10 degrees C for 30 hours. 10 degree 
. shipping temperatures can be achieved with the use of "blue ice" freezer packs in 
| coolers, which simplifies the shipping process as compared to dealing with wetice. The - 
— current practice of shipping drinking water samples in Styrofoam boxes to hold the 

| temperature at approximately 20 degrees C would be valid for almost all samples for up 
: to 30 hours. The data clearly shows that samples held at 30 degrees C are unsuitable 

for E. colitesting. This finding suggests that samples submitted during the summer 
months, with no attempt at preservation through cooling would not be suitable for E. coli 

| testing. ; 

| This data suggests that the USEPA established holding time of eight hours for surface 

oe water samples submitted for E. coli testing, is overly stringent. A change to a maximum 
_ holding time of chilled samples for up to 30 hours could easily be supported by the data 

presented in this study. The data also suggests that the current practice of allowing up 
to 48 hours for drinking water samples submitted with no attempt to cool the samples 

may be too lax. A reduction in the time period to 30 hours, or a requirement to ship the 
| samples at less than 10 degrees C, could be supported by the data. 
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| Appendix 1. 
Water source GW 

| Date Collected 4/23/01 
Sample background E. coli levels (zero | 
time) 

| Date/time TSB 4/22 Rep 1 0 | 
: INoc. | 3:30pm 7 

| Organism used E coli Rep 2 0 
Date/time tests 4/23 Rep 3 0 

: inoc. 2:00pm | 
Low average 0.0 
Concentration 
Zero time 

— Rep 1 5.2 : 
Rep 2 6.3 
Rep 3 : 14.5 

average 8.7 
High Conc. | 

Zero time 
Rep 1 95.9 

Rep 2 83.6 | 
| Rep 3 98.7 : 

average 92.7 | 

4 degrees low 

concentration | 

, 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

. Rep 1 15.6 Rep 1 12.2 Rep 1 5.2 Rep 1 5.2 
| Rep 2 13.2 Rep 2 7.4 Rep 2 96 Rep2 | 3.1 
| Rep 3 12 Rep3 8.6 Rep3 5.2 Rep3 5.2 

average 13.6 average 9.4 average 6.67 average 4.5 
4 degrees high | 

| concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| | ml ml ml ml 
| Rep 1 101.4 Rep 1 110.6 Rep 1 93.3 Rep 1 87.8 

Rep 2 79.8 Rep 2 114.5 Rep2 81.6 Rep 2 108.1 
Rep 3 141.4 Rep3. 146.7 Rep3 7.1 Rep3 104.3 

average 108 average 124 average 84 average 100 
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10 degrees low ~ a 
concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml ml 
Rep 1 | 7.4 Rep 1 12 Rep 1 7.4 Rep 1 13.2 
Rep 2 4.1 Rep 2 9.8 Rep 2 13.4 Rep 2 6.3 
Rep 3 5.2 Rep3 10.9 Rep3 96 Rep3 6.3 

average 5.57 average 10.9 average 10.1 average 8.6 
| 10 degrees high — 
| concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml | ml ml | 

Rep 1 73.3 Rep 1 88.2 Rep 1 88.6 Rep 1 67.7 
Rep 2 64.4 Rep 2 69.7 Rep2 101.7 Rep 2 76.6 
Rep 3 125 Rep3 56.3 Rep 3 60.5 Rep 3 71.7 

| average 87.6 average 71.4 average 83.6 average 72 

20 degrees low | | | 
concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 13.4 Rep 1 7.4 Rep 1 2 Rep 1 0 

Rep 2 3.1 Rep 2 14.6 Rep 2 4.1 Rep 2 6.3 
Rep 3 9.8 Rep3 7.4 Rep3 = 3.1 Rep 3 10.8 

| average 8.8 average 9.8 average — 3.1 average 5.7 
20 degrees high 

| concentration 
: 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 115.3 Rep 1 68.3 Rep 1 75.4 Rep 1 78.9 
Rep 2 139.6 Rep 2 93.2 Rep2_ 88.4 Rep 2 63.8 

| Rep 3 123.6 Rep 3 86 Rep 3 48 Rep 3 66.9 

average 126 average 82.5 average 70.6 average 69.9 

30 degrees low 
concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

oo mi ml ml ml 
Rep 1 13.2 Rep 1 6.3 Rep 1 | 3. Rep 1 1 
Rep 2 16.8 Rep 2 12.2 Rep2 O Rep 2 1 

| Rep3 | 98 Rep3 59.2 Rep3_ 3.1 Rep3 4.1 
| average 13.3 average 7.9 average 2.03 average 2.03 
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30 degrees high ) 
, concentration : 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
: ml ml ml ml 

Rep 1 98.4 Rep 1 | 1 Rep 1 1 Rep 1 5.2 
Rep 2 98./ Rep2 13.4 Rep 2 2 Rep2 17.3 

| Rep 3 — 96 Rep3 37.9 Rep3 21.8 Rep3 8.6 

average 97.7 average 17.4 average 8.27 average 10.4 

| Appendix 2. 

K W 
| Date Collected 7/9/01 a , 
| Sample background E. coli levels (zero 

time) 
| Date/time TSB 7/8 12 Rep 1 | 0 

inoc. noon 

Organism used E coli Rep 2 0 
Date/time tests = 7/9/01 Rep 3 0 

| —inoc. 9:30 
| Low Conc. average 0 

Zero time 

| Rep 1 21.6 
Rep 2 11 | 

Rep 3 12.2 : 
average 14.9 | 

High Conc. | 

Zero time | 

| Rep 1 116.2 
~ Rep 2 172.5 | 

| Rep 3 186 | 
| | average 158.2 | | | 

4 degrees low 

concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml mi 
Rep 1 13.4 Rep 1 10.9 Rep 1 13.4 Rep 1 17.5 
Rep 2 98 Rep2 14.5 Rep 2 12.1 Rep 2 16 

: Rep 3 6.3 Rep3 7.3 Rep3 12.1 Rep 3 14.6 
average 9.8 average 10.9 average 12.5 average 16.0 
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4 degrees high | | 
a concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

: | Rep 1 178.5 Rep 1 178.2 Rep 1 83.9 Rep 1 161.6 

S Rep 2 218.7 Rep2 — 118.7 Rep2 155.3 Rep 2 160.7 
— Rep3 135.4 Rep 3 133.3 Rep 3 131.3 Rep 3 135.4 

| | average 177.5 average 143.4 average 123.5 average 152.5 

10 degrees low | | | 
concentration | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml mi ml 

Rep 1 > 16 Rep 1 12.1 Rep 1 21.8 Rep 1 8.5 

| Rep 2 14.6 Rep 2 14.3 Rep 2 17.5 Rep 2 9.8 
Rep 3 : 21.6 Rep 3 14.3 Rep 3 13.2 Rep 3 12.1 

average 17.4 average 13.6 average 17.5 average 10.1 
| | 10 degrees high oo 

. concentration 

: 8 hours | MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 129.6 Rep 1 156.5 Rep 1 120.1 Rep 1 118.7 
Rep 2 151.5 Rep 2 148.3 Rep 2 146.7 Rep 2 90.5 | 

: Rep 3 122.3 Rep 3 157.6 Rep3 135.4 Rep 3 129.6 
average 134.5 average 154.1 average 134.1 average 112.9 

20 degrees low | 
| concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| | ml ml ml ml 

| Rep 1 16 Rep 1 18.7 Rep 1 18.7 Rep 1 17.1 
Rep 2 5.2 Rep 2 11 Rep 2 20.1 Rep 2 18.3 

| Rep 3 14.6 Rep3 14.5 Rep 3 8.6 Rep3 16.1 
average 11.9 average 14.7 average 15.8 average 17.2 

| 20 degrees high 
| concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
oo ml ml ml ml 

Rep 1 118.7 Rep 1 140.1 Rep 1 172.3 Rep 1 155.3 
Rep 2 185 Rep 2 156.5 Rep 2 162.4 Rep 2 131.3 
Rep 3 146.7 Rep 3 148.3 Rep 3 118.7 Rep3 127.4 

7 average 150.1 average 148.3 average 151.1 average 138 
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30 degrees low | 
concentration | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| : ml ml | ml ml 

Rep 1 12.1 Rep 1 6.3 Rep 1 9.8 Rep 1 15.8 
Rep 2 7.4 Rep2 24.3 Rep2 11 Rep 2 7.4 

Rep 3 20.3 Rep3 12.1 Rep3 9.8 Rep 3 6.3 
| average 13.2 average 14.2 average 10.2 average 9.8 
| 30 degrees high 

| concentration | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep 1 133.4 Rep 1 172.3 Rep 1 148.3 Rep 1 111.2 
Rep 2 172.2 Rep 2 143 Rep 2 272.3 Rep 2 148.3 
Rep 3 186 Rep 3 119.8 Rep 3 142.1 Rep3 127.4 

average 163.9 average 145 average 187.6 average 129 

| Appendix 3. 

| Water source W W | | 
| Date Collected 7/16/01 

| - Sample background E. coli levels (zero 
time) 

Date/time TSB NA Rep 1 3.1 
: inoc. 

| Organism used NA Rep 2 6.3 
| Date/time tests Rep 3 10.8 

inoc. 

| average 6.7 

| Zero time | 
Rep 1 3.1 

Rep 2 6.3 . 
Rep 3 10.8 

average 6.73 , 
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4 Degrees 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 
| Rep 1 4.1 Rept — 1 Rep 1 3.1 Rep 1 0 
| Rep 2 | 5.2 Rep 2 3.1 Rep 2 2 Rep2 0 
| Rep 3 3 Rep 3 1 Rep 3 2 Rep3 0 

average 4.1 average 1.7 average 2.366666 average 0 
| | 67 

| 10 Degrees © 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml mi ml 

Rep 1 2 Rep 1 3.1 Rep 1 1 Rep 1 2 

| Rep 2 3.1 Rep 2 1 Rep 2 2 Rep2 2 
| Rep 3 4.1 Rep3 3.1 Rep3 3.1 Rep 3 1 
| average 3.0 average 2.4 average 2.0 average 1.7 

20 Degrees | | 

8 hours . MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
mi | ml | ml ml 

| Rep 1 3. Rep 1 O Rep 1 1 Rep 1 1 
| | Rep 2 1 Rep 2 O Rep2 1 Rep 2 0 

| Rep 3 1 Rep3 1 Rep3 1 Rep 3 2 

average 1.7 average 0.3 average 1 average 1 
30 Degrees 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

a Rep 1_ O Rep 1 1 Rep 1 3.1 Rep 1 1 
Rep 2 3.1 Rep 2 O Rep2 1 Rep 2 2. 

| Rep 3 4.7 Rep3 O Rep3 O Rep3 0 
average 2.6 average 0.3 average 1.4 average 1 

| Appendix 4. 

Water source St W 

Date Collected 7/31/01 | 

| | sample background E. coli levels (zero 
| time) 

Date/time TSB inoc. Rep 1 0 
Organism used Rep 2 0 

| | Date/time tests inoc. Rep 3 | 0 

| 22 |



Low average 0 
Concentration 

| Zero time 

Rep 1 12.2 
| Rep 2 11.8 

Rep 3 9.7 

average 11.23333 | 
| 33 | 

High | 
Concentration 

| Zero time 
a — Rep 1 118.7 

| Rep 2 151.5 

Rep 3 131.7 
average 133.9666 

67 

4 degrees low | 
concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
mi ml ml ml 

Rep 1 17.1 Rep 1 12.1 Rep 1 8.6 Rep 1 9.7 
| Rep 2 12.1 Rep 2 7.4 Rep2 13.4 Rep 2 7.4 
| Rep 3 13.5 Rep3 14.3 Rep3 8.5 Rep 3 10.7 

| average 14.2 average 11.3 average 10.2 average 9.3 
| 4 degrees high - 

concentration 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
| Rep 1 161.6 Rep 1 93.3 Rep 1 93.3 Rep 1 66.3 

| Rep 2 108.1 Rep 2 118.7 Rep2 117.8 Rep2 72.7 
| Rep 3 137.4 Rep3 116.9 Rep 3 93.3 Rep 3 68.9 7 

average 135.7 average 109.6 average 101.5 average 69.3. 

| 10 degrees low 
concentration | | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml : ml 
| Rep 1 9.7 Rep 1 11.8 Rep 1 7.3 Rep 1 8.6 

Rep 2 12.1 Rep2 14.5 Rep 2 12.1 Rep2 6.2 
Rep 3 9.5 Rep 3 13.4 Rep 3 13.4 Rep3 8.6 

| average 10.433 average 13.23 average 10.933 average 7.8 
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10 degrees high 

~ concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
} ml ml | ml ml 

Rep 1 149.7 Rep 1 108.6 Rep 1 93.3 Rep 1 70.3 
| | Rep 2 98.4 Rep 2 78.5 Rep 2 81.6 Rep 2 81.6 

| Rep 3 108.6 Rep 3 135.4 Rep 3 108.6 Rep 3 64.4 
| average 118.9 average 107.5 average 94.5 average 72.1 

20 degrees low 
concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 | 
| ml ml ml ml 

Repi 14.6 Rep 1 12 Rep 1 21.8 Rep 1 1 
: Rep 2 8.5 Rep 2 9.8 Rep 2 10.8 Rep 2 0 

Rep 3 — 12.2 Rep3 10.9 Rep3 4.1 Rep 3 2 
| average 11.8 average 10.9 average 12.2 average 1 
20 degrees high 

| concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

mi ml ml ml 

: Rep 1 135.4 Rep 1 53 Rep 1 68.3 Rep 1 29.9 
a Rep 2 114.5 Rep 2 83.6 Rep 2 94.6 Rep 2 26.2 

Rep 3 145 Rep 3 71.7 Rep 3 81.3 Rep3 28.8 

average 131.6 average 69.4 average 68.1 average 28.3 

| 30 degrees low 
| concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 9.8 Rep 1 . §.2 Rep 1 1 Rep 1 0 

Rep 2 | 8.6 Rep2 3 Rep2 O Rep2 0 
| Rep 3 98 Rep3 | 11 Rep 3 O Rep 3 0 

| average 9.4 average 6.4 average 1.3 average 0 

30 degrees high | | 
concentration 7 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 85.5 Rep 1 Rep 1 4.1 Rep 1 0 
a Rep 2 74.9 Rep 2 16 Rep 2 O Rep 2 1 

| | Rep 3 110.6 Rep 3 7.3 Rep 3 O Rep 3 0 
average 90.33333 average 11.65 average 1.366666 average 0.333333 

33 : 67 3 
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Appendix 5. 7 | 

Water source So W | 
Date Collected 10/31/01 | 

| Sample background E. coli levels (zero 
time) | 

Date/time TSB = 10/30/01 Rep 1 | 0 
Inoc. 

| Organism used E. coli Rep 2 0 
Date/time tests 10/31/01 Reps 0 
inoc. | 

Low Conc. average 0 
Zero time | 

Rep 1 8.6 
| Rep 2 8.6 

. Rep 3 10.9 

average 9.4 
High Conc. 

Zero time 

Rep 1 67.6 | | oo 
Rep 2 84.4 | 

| Rep 3 99.0 
average 83.7 | 

4 degrees low 
concentration : 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
mi | ml ml ml 

Rep 1 7.4 Rep 1 5.2 Rep 1 6.3 Rep 1 4.1 
Rep 2 | 4.1 Rep2 8.6 Rep 2 5.2 Rep 2 3.1 
Rep 3 3 Rep 3 7.4 Rep3 9.8 Rep3 6.3 

average 4.8 average 7.1 average 7.1 average 4.5 
4 degrees high | 
concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 68.3 Rep 1 101.7 Rep 1 06.5 Rep 1 47.2 
| Rep 2 | 65.7 Rep 2 76.6 Rep 2 63.8 Rep 2 73.3 

Rep 3 99.6 Rep 3 61.7 Rep3 64.4 Rep 3 69.7 

average 63.2 average 80 average 61.6 average 63.4 
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10 degrees low 

concentration 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 11.0 Rep 1 1 Rep 1 3.1 Rep 1 2 
| Rep2 — 9.7 Rep2 7.4 Rep2 2 Rep2 7.4 

: Rep 3 8.5 Rep 3 3 Rep3 4.1 Rep3 1 
| average 9.7 average | 3.8 average 3.07 average 3.5 
| 10 degrees high 

concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 

Rep 1 110.0 Rep 1 82.3 Rep 1 35.4 Rep 1 19.7 
| Rep 2 76.3 Rep 2 74.9 Rep 2 34.1 Rep 2 22.6 

Rep 3 66.3 Rep 3 71.7 Rep 3 60.1 Rep 3 29.4 
average 84.2 average 76.3 average 43.2 average 23.9 

20 degrees low 
: concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
mi ml ml ml 

Rep 1 5.2 Rep 1 O Rep 1 O Rep 1 0 
: Rep 2 7.4 Rep2 QO Rep 2 O Rep 2 0 

Rep 3 5.2 Rep3 | 1 Rep3 O Rep3 0 
average 5.9 average 0.3 average QO average 0 

20 degrees high | 
concentration | | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml | ml ml 

Rep 1 72.2 Rep 1 2 Rept 1 Rep 1 0 

Rep 2 57.1 Rep 2 10.8 Rep 2 O Rep 2 0 
Rep 3 52.0 Rep3 | 3.1 Rep3 | O Rep 3 0 

average 60.4 average 5.3 average 0.3 average 0 

| 30 degrees low 
concentration 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep1 3.1 Rep 1 O Rep 1 O Rep 1 0 

Rep 2 4.1 Rep2 O Rep2 O Rep 2 0 
Rep 3 2.0 Rep 3 O Rep3 O Rep3 0 

| average 3.1 average O average QO average 0 
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30 degrees high | 

concentration 

8 hours MPN/100 30 hours MPN/100. 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 55.6 Rep 1 O Rep 1 O Rep 1 0 
| | Rep 2 52.1 Rep2 > QO Rep2 QO Rep2 0 

Rep 3 39.9 Rep 3 O Rep3 O Rep3 0 

average 49.2 average O average QO average 0 

| Appendix 6 

| Water source Em W 
Date Collected 12/12/01 

Sample background E. coli levels (zero 
| | time) 

Date/time TSB 12/11 Rep 1 0 
inoc. 12pm 

: Organism used E. coli Rep 2 0 
Date/time tests 12/12 Rep 3 0 
inoc. 10am 

| Low Conc. average | 0 

: Zero time | | 
Rep 1 7.4 | 

Rep 2 8.5 | 
Rep 3 4.1 

. average 6.7 
: High | 

. Concentration | 
Zero time | 

Rep 1 45.7 

Rep 2 49.6 
: | Rep 3 66.3 | 
| average 53.9 | 

4 degrees low : 
| concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| | Rep 1 9.8 Rep 1 1 Rep 1 3.1 Rep 1 8.6 
| Rep 2 9.8 Rep 2 4.1 Rep2 2 Rep2 5.1 

Rep 3 9.7 Reps 4.1 Rep3 3 Rep3 4.1 
average 9.8 average 3.1 average 2./ average 9.9 
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4 degrees high | 
| concentration | 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml | ml ml 
Rep 1 60.1 Rep 1 94.7 Rep 1 90.4 Rep 1 55.6 
Rep 2 92.5 Rep 2 66.9 Rep 2 92.8 Rep 2 98.3 

| Rep 3 82 Rep3 94.6 Rep 3. 48.7 Rep 3 56.6 
| average 64.9 average 98.7 average 90.6 average 96.8 

| 10 degrees low 

| concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml mo ml om 
| ~~ Rept | 10.9 Rep 1 3.1 Rep 1 3 Rep 1 3.1 

Rep 2 — 6.3 Rep 2 4.1 Rep2 1 Rep 2 7.4 
| Rep 3 | 16.1 Rep 3 5.2 Rep3 6.3 Rep 3 0 

average 11.1 average 4.1 average 3.4 average 3.5 
10 degrees high 
concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 49.5 Rep 1 94.7 Rept — 46.4 Rep 1 41.3 
Rep 2 82.3 Rep 2 99.1 Rep 2 90.4 Rep 2 42.5 
Rep 3 62.4 Rep 3 68.9 Rep 3 97.3 Rep 3 42.2 

: average 64.7 average 60.9 average 91.4 average 42 

20 degrees low 

| concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

mi ml ml ml 
| Rep 1 8.6 Rep 1 3.1 Rep 1 2 Rep 1 0 

Rep 2 8.6 Rep 2 1 Rep 2 2 Rep2 0 
| Rep 3 12.1 Rep3 9.2 Rep3 O Rep3 0 

: average 9.8 average 3.1 average 1.3 average 0 
| 20 degrees high 

concentration : | 
| 8 hours | MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| | ml ml ml ml 

Rep 1 62.2 Rep 1 48 Rep 1 13.2 Rep 1 2 
| Rep 2 48.7 Rep 2 35.4 Rep 2 10.8 Rep 2 0 

Rep 3 65.1 Rep 3 58.8 Rep 3 13.2 Rep 3 1 
average 98.7 average 47.4 average 12.4 average 1 
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30 degrees low 
: concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

| Rep 1 2 Rep 1 O Rep 1 O Rep 1 0 
| Rep 2 | 7.4 Rep 2 0 Rep 2 QO Rep2 0 

| | Rep 3 9.8 Rep3 O Rep3 QO Rep 3 0 
average 6.4 average QO average QO average 0 

30 degrees high — 
concentration 

8 hours -MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| | ml ml ml | ml 

Rep 1 47.1 Rep 1 QO Rep 1 O Rep 1 0 
Rep 2 52.1 Rep 2 O Rep2 Q Rep 2 0 

| Rep 3 43.2 Rep3 O Rep3 O Rep 3 0 
average 47.5 average QO average QO average 0 

| Appendix 7. 

| Water source Oetf W | 
| Date Collected 2/5/02 
| | Sample background E. coli levels (zero 

time) | 
Date/time TSB 2/4 Rep 1 0 

Inoc. 1:30pm | 
| Organism used E coli Rep 2 : 0 

Date/time tests 2/5/02 Rep 3 0 
: — inoc. 10am | 

Low Conc. average 0 

Zero time 

| Rep 1 10.9 
| Rep 2 9.8 | 

Rep 3 5.1 
average 8.6 

High Conc. | 

Zero time | 
Rep 1 90.7 

Rep 2 90.7 
| Rep 3 81.3 | 

average 87.7 | 
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4 degrees low 
| concentration | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 12 Rep 1 10.9 Rep 1 2 Rep 1 4.1 
Rep 2 15.8 Rep 2 1 Rep2 | 11 Rep2 2 
Rep 3 13.1 Rep 3 5.2 Rep3 6.3 Rep3 2 

: average 13.6 average o./ average 6.4 average 2.7 . 
4 degrees high 

| concentration | 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 129.6 Rep 1 166.4 Rep 1 88.2 Rep 1 59.1 

| Rep 2 101.4 Rep 2 101.7 Rep2 73.3 Rep 2 51.2 
Rep 3 150 Rep 3 113 Rep 3 78.5 Rep 3 39.3 

average 127 average 127.0 average 80 average 49.9 

~ 10 degrees low 
: concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

~ Rep 1 6.2 Rep 1 4.1 Rep 1 4.1 Rep 1 1 
| Rep 2 13.1 Rep 2 7T4 Rep 2 9.2 Rep 2 2 

Rep 3 5.2 Rep 3 11.9 Rep3 9.2 Rep 3 8.6 
, average 8.2 average 7.8 average 4.8 average 3.9 

10 degrees high | | 

concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml | ml ml mi 

Rep 1 104.3 Rep 1 59.4 Rep 1 94.7 Rep 1 8.6 
| Rep 2 7 98.7 Rep 2 45.7 Rep 2 24.3 Rep 2 16 

| Rep 3 59.4 Rep 3 67.7 Rep3 33.5 Rep 3 18.3 

average 87.5 average 9/.6 average 37.5 average 14.3 

20 degrees low 

concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| | | ml mi mi ml 
| Rep 1 16.1 Rep 1 2 Rep1 O Rep 1 0 

| Rep 2 4.1 Rep 2 1 Rep2 O Rep 2 0 
Rep 3 16 Rep 3 1 Rep 3 O Rep3 0 

: average 12.1 average 1.3 average QO average 0 
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| 

| 20 degrees high | 
concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml | ml ml 
Rep 1 82.3 Rep 1 13.2 Rep 1 O Rep 1 0 

| Rep 2 107.6 Rep 2 29.8 Rep2 QO Rep2 0 
Rep 3 101.9 Rep 3 13.5 Rep 3 O Rep3 0 

average 97.3 average 18.8 average Q average 0 

30 degrees low 
concentration | 

| 8 hours ~ MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 11 Rep 1 O Rep 1 O Rep 1 0 
Rep 2 5.2 Rep 2 O Rep2 O Rep 2 0 

| Rep 3 16.9 Rep 3 O Rep 3 O Rep 3 0 
| average 11.0 average Q average Q average 0 
| 30 degrees high | 

concentration | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml ml 

| Rep 1 59.4 Rep 1 O Rep 1 O Rep 1 0 
Rep 2 60.5 Rep 2 O Rep2 QO Rep2 0 

Rep 3 61.3 Rep 3 O Rep3 O Rep3 0 
average 60.4 average QO average QO average 0 

| Appendix 8. 

Water source Cp W 
| Date Collected 2/5/02 
| Sample background E. coli levels (zero 

time) | 
Date/time TSB 2/4 12pm Rep 1 0 
inoc. 

: Organism used E coli Rep 2 0 
| Date/time tests 2/5 10am Rep 3 — 0 

inoc. | | 
Low Conc. average 0 

Zero time 
Rep 1 10.9 

a Rep 2 9.8 
Rep 3 5.1 

| average 8.6 
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| High Conc. : 

| Zero time | 
Rep 1 90.7 | 

Rep 2 90.7 

Rep 3 | 81.3 
| average 87.6 

4 degrees low 
concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml mi 
Rep 1 11 Rep 1 1 Rep 1 1 Rep 1 0 
Rep 2 | 6.3 Rep 2 5.2 Rep2 3.1 Rep 2 3.1 

7 Rep 3 5.2 Rep 3 5.2 Rep3 3.1 Rep 3 ar) 
| average 7.5 average 3.8 average 2.4 average 2.0 . 

_ 4 degrees high 
| concentration | | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 101.7 Rep 1 56.5 Rep 1 21.6 Rep 1 16 
— Rep 2 103.9 Rep 2 38.4 Rep 2 23.1 Rep2 7.4 a 

Rep 3 93.3 Rep 3 51.2 Rep 3 21.6 Rep3 14.5 
average 99.6 average 48.7 average 22.1 average 12.6 

| 10 degrees low 
~ concentration | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 | 11 Rep 1 1 Rep 1 O Rep 1 0 
| Rep 2 10.8 Rep 2 O Rep 2 O Rep 2 0 
: Rep 3 6.3 Rep3 O Rep3 QO Rep3 O | 

average 9.4 average 0.333333 average QO average 0 
| 3 | 

| 10 degrees high 
| concentration 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

mi ml ml ml 

Rep 1 75.9 Rep 1 11 Rep 1 1 Rep 1 0 
| Rep 2 60.1 Rep 2 9:8 Rep2 3.1 Rep 2 0 

Rep 3 65 Rep3 9.8 Rep3 O Rep3 na 
average 67 average 10.2 average 1.4 average 0 
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20 degrees low | 
, : concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml | ml ml ml 

Rep 1 3.1 Rep 1 O Rep 1 QO Rep 1 0 
| Rep 2 0 Rep2 0 Rep 2 0 Rep 2 0 

Rep 3 10 Rep3 0 Reps O Rep 3 0 
average 4.4 average QO average O average 0 

. 20 degrees high 
| concentration | 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep 1 41.3 Rep 1 O Rep 1 O Rep 1 0 
| Rep 2 18.9 Rep 2 O Rep2 QO Rep 2 0 

Rep 3 31.7 Rep 3 QO Rep3 O Rep 3 0 
| average 30.6 average QO average O average 0 

7 30 degrees low | | 
concentration 
8 hours © MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml - ml ml | ml 
| Rep 1 0 Rept O Rep 1 O Rep 1 0 

Rep 2 0 Rep2 0 Rep 2 0 Rep 2 0 
Rep 3 _ 0 Rep3 0 Rep3 O Rep3 0 

average OQ average QO average O average 0 
30 degrees high 
concentration — | 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| mi ml ml ml 
Rep 1 O Rep 1 O Rep 1 O Rep 1 0 

: Rep 2 QO Rep 2 QO Rep 2 QO Rep 2 0 
| | Rep 3 O Rep3 0 Rep3 QO Rep3 na 

average QO average O average QO average 0 

| Appendix 9. | 

Water source N W | 

' Date Collected 3/29/02 
| | Sample background E. coli levels (zero | 

| time) 
| Date/time TSB na Rep 1 2 

inoc. | | 
Organism used na Rep 2. 0 
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-Date/time tests 3/29/02 | Rep 3 0 
inoc. 1pm ) 

average 0.66666 , 7 

oe 4 degrees | 

8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
: ml ml ml ml 

| Rep 1 2 Rep 1 1 Rep 1 O Rep 1 2 
7 Rep 2 | 2 Rep2 O Rep2 O Rep2 0 

Rep 3 QO Rep 3 | O Rep 3 O Rep 3 0 
| | average 1.3 average | OQ. average O average 0.7 

| | 10 degrees | , 

— 8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
om ml ml ml 

Rep 1 1 =~Rep 1 O Rep 1 O Rep1. 1 
| , Rep 2 1 Rep 2 O Rep 2 O Rep 2 0 

Rep 3 1 Rep3 O Rep3 O Rep3 0 

average 1 average O average QO average 0.3 

20 degrees | | 

8 hours MPN/100. 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| | mil ml ml mi 

- Rep 1 O Rep 1 O Rep 1 QO Rep 1 0 
| Rep 2 O Rep2 | QO Rep2 1 Rep2 0 

. Rep 3 | O Rep 3 O Rep3 O Rep 3 0 
| average QO average QO average 0.3 average 0 
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a 30 degrees | 
8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 1 Rep 1 QO Rep 1 O Rep 1 0 
Rep 2 1 Rep2 O Rep 2 0 Rep2 0 
Rep 3 O Rep3 O Rep 3 O Rep 3 0 

average 0.7 average | O average QO average 0 

Appendix 10. 

| Water source V W 

Date Collected 3/29/02 a 
| Sample background E. coli levels (Zero 

time) 
Date/time TSB na Rep 1 0 | 
inoc. 

| Organism used na Rep 2 0 | 
| Date/time tests 3/29/02 Rep 3 0 

inoc. 1pm 
| | average 0. 

| Stopped test due to no results at 48 
| | hours , 

4 degrees | 

| 8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 QO Rep 1 O Rep 1 O Rep 1 
| | Rep 2 O Rep 2 , O Rep 2 0 Rep2 

Rep 3 O Rep3 O Rep3 O Rep3 

average QO average Q average QO average 0 
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10 degrees | 

8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep 1 O Rep 1 O Rep1 O Rep 1 
| Rep 2 O Rep 2 QO Rep 2 | O Rep 2 

Rep 3 O Rep3 0 Rep 3 O Rep3 
average QO average O average QO average 0 

20 degrees , | 

| 8 hours | MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml | ml 

Rep 1 O Rep 1 O Rep 1 O Rep 1 
Rep 2 | QO Rep 2 O Rep 2 O Rep 2 

Rep 3 O Rep 3 | O Rep 3 O Rep3 
| average QO average QO average QO average 0 

| 30 degrees 

8 hours MPN/100 24 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 O Rep 1 0 Rep 1 O Rep 1 
Rep 2 O Rep 2 O Rep 2 . 0 Rep2 

| Rep 3 O Rep3 O Rep3 O Rep3 

average QO average QO average QO average 0 
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Appendix 11. 

oe Water source Blcw W Note: wrong times and temps 
run 

Date Collected 4/15/02 
| | Sample background E. coli levels (Zero 

| time) | 
Date/time TSB 4/14 Rep 1 | 0 | 
inoc. 12pm 

| Organism used E. coli Rep 2 0 
| Date/time tests 4/15 Rep 3 0 | 

inoc. 11am : 
- Low Conc. average 0 

Zero time 
. Rep 1 7.4 | | 

Rep 2 8.5 

| Rep 3 5.2 
average 7.0 

High Conc. | 

Zero time 
| Rep 1 83.3 | 

Rep 2 139.6 
Rep 3 101.4 

average 108.1 | 

4 degrees low 

concentration 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

ml ml ml ml 

Rep 1 13.2 Rep 1 12.1 Rep 1 8.6 Rep 1 4.1 
Rep 2 9.8 Rep 2 6.3 Rep 2 9.7 Rep2 9.4 
Rep 3 12.1 Rep3. 6.3 Rep3 | 6.3 Rep 3 9.2 

| average 11.7 average 11.21 average 8.2 average 6.2 
2 4 degrees high | 

| concentration 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

ml ml ml ml 

Rep 1 105 Rep 1 133.4 Rep 1 98.7 Rep 1 73.8 
Rep 2 78.9 Rep 2 62.4 Rep2 75.2 Rep 2 75.4 
Rep 3 66.9 Rep 3 75.4 Rep 3 101.7 Rep 3 88.9 

average 83.6 average 90.4 average 91.9 average 79.4 
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10 degrees low 

concentration 

| 8 hours MPN/100. 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
| ml ml ml mi 

| Rep 1 8.5 Rep 1 9.7 Rep 1 7.3 Rep 1 9.7 
~ Rep 2 7.4 Rep2 5.2 Rep2 3.1 Rep 2 3 

Rep 3 6.3 Rep 3 13.5 Rep3 8.6 Rep 3 6.3 
| average 7.4 average 9.5 average 6.3 average 6.3 

10 degrees high | 
| concentration 

| 8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
ml ml ml ml 

| Rep 1 93.3 Rep | 103.9 Rep 1 110 Rep 1 78.5 
Rep 2 81.3 Rep 2 93.2 Rep2 83.3 Rep 2 78.8 

| Rep 3 71.2 Rep3 85.5 Rep 3 77.6 Rep 3 75.4 
| | average 81.9 average 94.2 average 90.3 average 77.6 

20 degrees low | 
concentration | 

8 hours ~ MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
ml | ml ml ml 

Rep 1 7.4 Rep 1 11 Rep 1 7.4 Rep 1 3.1 
Rep 2 5.2 Rep 2 12.2 Rep2 5.2 Rep 2 3.1 

| Rep 3 11 Rep3 11 Rep3 5.2 Rep3 6.3 
| average 7.9 average 11.4 average 5.9 average 4.2 

20 degrees high 

| concentration | 

8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
ml ml | ml ml 

Rep 1 46.5 Rep 1 90.7 Rep 1 82 Rep 1 61.3 
Rep 2 86 Rep2 68.4 Rep 2 60.1 Rep 2 91.2 

— Rep 3 67.6 Rep3 63.7 Rep3 77.6 Rep3 40.4 | 
average 66.7 average 74.3 average 73.2 average —51.0 

| 35 degrees low , | 
concentration : 

| 8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
| ml ml ml | ml | 

Rep 1 | 1 Rep 1 QO Rep 1 O Rep 1 0 

Rep 2 O Rep 2 O Rep 2 O Rep 2 0 
Rep 3 QO Rep3 O Reps © 3.1 Rep3 0 

average 0.3 average QO average QO average 0 
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| 35 degrees high 
a concentration 

| 8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
| ml | ml | ml ml 

Rep 1 1 Rep 1 2 Rept O Rep 1 1 

Rep 2 1 Rep2 O Rep2 2 Rep2 0 
Rep 3 2 Rep3 7.4 Rep3 2 Rep3 2 

| average 1.3 average 3.13 average 1.3 average 1 

Appendix 12. 

| Water source Bumc W 

7 Date Collected 4/23/02 | | 
: Sample background E. coli levels (zero 

time) 
Date/time TSB 4/22 Rep 1 0 
inoc. 12pm 

— Organism used E. coli Rep 2 0 
| Date/time tests 4/23 Rep 3 0 

noc. 11am 

Low Conc. average 0 

Zero time 

Rep 1 6.3 
| Rep 2 14.8 : | 

Rep 3 24 
average 15.0 

| High Conc. 

| Zero time 
. Rep 1 125.9 - 

: Rep 2 131.3 : 
Rep 3 95.9 

average 117.7 | | 

4 degrees low 

concentration 

8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
| ml ml ml ml 
Rep 1 Rep 1 _ Rep 1 Rep 1 

| | Rep 2 - Rep 2 — Rep 2 Rep 2 
| Rep 3 Rep 3 Rep 3 Rep 3 | 

| average QO average - Q average QO average 0 
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a 

4 degrees high | 
| concentration — 
| 8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

ml ml ml ml 
Rep 1 Rep 1 Rep 1 Rep 1 
Rep 2 Rep 2 Rep 2 | Rep 2 
Rep 3 — Rep 3 Rep 3 Rep 3 

| | average O average Q average O average 0 

10 degrees low | | 
concentration | | 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

: | ml ml | ml ml 
: ~ Rep 1 | Rep 1 Rep 1 Rep 1 

Rep 2 Rep 2 Rep 2 Rep 2 

Rep 3 Rep 3 Rep3 | Rep 3 
average QO average Q average QO average 0 

10 degrees high | 
concentration 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

ml ml ml ml 
| Rep 1 Rep 1 Rep 1 Rep 1 

| Rep 2 Rep 2 Rep 2 Rep 2 

| Rep 3 Rep 3 Rep 3 | Rep 3 ! 
| average QO average QO average QO average 0 

| 20 degrees low | 

concentration | 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

| ml | ml mi ml 
Rep 1 Rep 1 Rep 1 Rep 1 | 

| Rep 2 Rep 2 Rep 2 Rep 2 
Rep 3 Rep 3 Rep 3 Rep 3 

average Q average Q average O average 0 
20 degrees high 
concentration | 
8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

mi ml ml ml 
| Rep 1 Rep 1 Rep 1 Rep 1 

Rep 2 Rep 2 Rep 2 Rep 2 
| Rep 3 Rep 3 Rep 3 Rep 3 

. average 0 average QO average O average 0 
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35 degrees low 

concentration | 

8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 
| ml ml ml ml 

Rep 1 Rep 1 Rep 1 Rep 1 

Rep 2 Rep2 | Rep 2 Rep 2 
| | Rep 3 Rep 3 Rep3 — Rep 3 

| average Q average QO average QO average 0 
| 35 degrees high 

concentration . 
| 8 hours MPN/100 24 hours MPN/100 30 hours MPN/100 48 hours MPN/100 

ml ml ml ml 
| Rep 1 | Rep 1 Rep 1 Rep 1 

Rep 2 Rep 2 Rep 2 Rep 2 
: Rep 3 Rep 3 Rep 3 Rep 3 

average QO average Q average QO average 0 

Appendix 13. | 

Water source O W 
; Date Collected 4/26/02 

Sample background E. coli levels (zero 
| | time) 

| Date/time TSB 4/25 Rep 1 0 
| inoc. 12PM | 

Organism used E coli | Rep 2 0 
Date/time tests 4/26 8AM Rep 3 0 
inoc. | 

Low Conc. | average 0 

: Zero time : 
Rep 1 12 : 
Rep 2 4.1 | 

Rep 3 9.5 | 
a average 8.533 | 

High Conc. | | 

Zero time 
| Rep 1 54.7 

: Rep 2 90.6 

| | — Rep 3 71,7 
average 72.3 
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4 degrees low 

: concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
Oe ml : ml ml ml 

| Rep 1. 6.3 Rept | 7.3 Rep 1 14.8 Rep 1 4.1 
| | Rep 2 9.2 Rep 2 10.8 Rep 2 10.9 Rep 2 5.1 

| Rep 3 11 Rep 3 13.5 Rep3 9.7 Rep3 8.6 
| average 7.5 average 10.5 average 11.8 average 5.9 

4 degrees high 
a concentration | | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml | ml ml mi 

Rep 1 63.1 Rep 1 66.9 Rep 1 83.9 Rep 1 77.6 
Rep 2 65 Rep 2 98.7 Rep 2 98.1 Rep 2 70.3 

| | Rep 3 73.3 Rep 3 69.7 Rep3 81.3 Rep 3 69.1 

| average 67.1 average 78.4 average 74.4 average 72.3 

10 degrees low 

| concentration . | 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 

Rep 1 10.9 Rep 1 12.2 Rep 1 9.2 Rep 1 7.4 

Rep 2 4.1 Rep 2 8.6 Rep 2 9.7 Rep2 9.8 
| Rep 3 13.5 Rep3 6.3 Rep3 —~©6.3 Rep 3 4.1 

average 9.5 average 9.0 average 7.1 average 7.1 

| 10 degrees high | | 
concentration 

: 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 79.8 Rep 1 111.9 Rep 1 99.1 Rep 1 81.3 | 
Rep 2 64.4 Rep.2 95.9 Rep2 | 65 Rep 2 74.9 

Rep 3 83 Rep 3 76.6 Rep 3 68.9 Rep 3 79.8 
average 75.7 average 94.8 average 64.3 average 78.7 

20 degrees low 
| concentration 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

| Rep 1 8.5 Rep 1 21.1 Rep 1 6.3 Rep 1 2 

| Rep 2 12.2 Rep 2 24 Rep 2 3.1 Rep 2 5.2 
Rep 3 8.6 Rep3 21.3 Rep3 7.4 Rep3 4.1 

average 9.8 average 22.1 average 0.6 average 3.8 
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20 degrees high 

concentration _ 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
. Rep 1 129.6 Rep 1 75.4 Rep 1 62.4 Rep 1 25.9 

Rep 2 : 110.6 Rep 2 101.2 Rep 2 70.6 Rep 2 35.9 
Rep 3 83.3 Rep 3. 96.5 Rep 3 65 Rep 3 21.2 

average = 108 average = 77.7 average 66 average 30 

| 30 degrees low 
| concentration 
| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 
Rep 1 6.3 Rep 1 14.6 Rep 1 9.5 Rep 1 5.2 
Rep 2 4.1 Rep2 17.3 Rep 2 4.1 Rep2 2 
Rep 3 | 17.3 Rep 3 17.5 Rep 3 7.4 Rep3 0 

' average 9.2 average 16.57 average 7 average 2.4 
30 degrees high 
concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 | 
ml ml ml ml 

Rep 1 90.6 Rep 1 — 75.4 Rep 1 31.3 Rep 1 23.8 
Rep 2 102.2 Rep 2 09.4 Rep 2 60.9 Rep 2 22.8 

: Rep 3 ~—~84.2 Reps 88.4 Rep 3 92.9 Rep 3 19.4 
average 92.3 average 74.4 average 48.4 average 22 

: Appendix 14. , 

Water source Lwdp 

Date Collected 6/22/01 | 
sample background E. coli levels (Zero 

| : time) 
a Date/time TSB 6/21/01 Rep 1 2 

. inoc. 15:00 | . 
Organism used E coli | Rep 2 0 | 

| Date/time tests 6/22 8:30am Rep 3 1 
| inoc. : 

Low Conc. | average 1 

Zero time | 
Rep 1 8.6 | 
Rep 2 . 9.8 

| Rep 3 12.2 ) 
average 10.2 | 

| 43



High Conc. , 

Zero time | | 
Rep 1 — 118.7 

Rep 2 107.6 
| Rep 3 110.6 

average 112.3 : 

| 4 degrees low concentration 

a 8 hours MPN/100ml 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml 

Rep 1 8.6 Rep 1 10.9 Rep 1 15.8 Rep 1 13.5 
Rep 2 6.3 Rep 2 12.1 Rep 2 17.3 Rep2 10.9 
Rep 3 12.1 Rep3 14.5 Rep 3 13.5 Rep 3 12.2 

average 9 average 12.5 average 15.5 average 12.2 
4 degrees high : | 

| concentration 
| 8 hours MPN/100ml 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml 
| Rep 1 | 115.3 Rep 1 95.9 Rep 1 113 Rep 1 122.2 

Rep 2 122.3 Rep 2 107.6 Rep 2 128.1 Rep 2 86.2 
| Rep 3 88.2 Rep3 125 Rep3 107.6 Rep 3 135.4 

average 108.6 average 109.5 average 116.2 average 114.6 

| 10 degrees low 

concentration 7 

8 hours MPN/100mlI 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml | ml | ml 

7 | Rep 1 13.5 Rep 1 13.4 Rep 1 9.6 Rep 1 11 

| Rep 2 13.4 Rep 2 7.4 Rep 2 6.3 Rep 2 9.2 
Rep 3 14.6 Rep3 16.1 Rep 3 16 Rep 3 13.4 

average 13.8 average 12.3 average 10.6 average 9.87 
10 degrees high | 

: concentration | 
8 hours MPN/100mI 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml 

| Rep 1 123.6 Rep 1 101.4 Rep 1 98.5 Rep 1 90.9 
| | Rep 2 | 98.7 Rep2 119.8 Rep 2 131.3 Rep 2 115.3 

Rep 3 98.5 Rep3 86.7 Rep3 ~ 118.7 Rep3 88.6 
| average 107 average 103 average 116. average 98.3 
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20 degrees low | 
concentration | 
8 hours MPN/100ml 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml 

Rep 1 14.5 Rep 1 16 Rep 1 18.7 Rep1— 13.2 
Rep 2 9.8 Rep 2 13.4 Rep 2 19.7 Rep 2 9.8 
Rep 3 14.5 Rep3 13.4 Rep3 12.1 Rep3 7.3 

: average 12.9 average 14.3 average 16.8 average 10.1 
| 20 degrees high 

concentration | 

8 hours MPN/100ml 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
: ml ml ml 

| Rep 1 113.7 Rep 1 113.4 Rep 1 116.9 Rep 1 111.2 
Rep 2 156.5 Rep 2 93.2 Rep 2 119.8 Rep2 112.4 
Rep 3 106.3 Rep 3 87.6 Rep3 71.2 Rep 3 98.8 

average 125.5 average 98.1 average 102.6 average 107 

30 degrees low 

a concentration 
8 hours MPN/100ml 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml 

Rep 1 | 18.5 Rep 1 13.4 Rep 1 13.2 Rep 1 10.9 
Rep 2 17.1 Rep 2 14.8 Rep 2 16 Rep 2 9.8 
Rep 3 — 21.3 Reps: 25.6 Rep 3 16.1 Rep3 17.1 

average 19.0 average 17.9 average 15.1 average 12.6 
30 degrees high 

| concentration 
| 8 hours MPN/100mI 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml 

Rep 1 | 119.8 Rep 1 139.6 Rep 1 111.9 Rep 1 104.6 

Rep 2 83.3 Rep 2 118.7 Rep 2 79.8 Rep 2 123.6 
| Rep 3 129.6 Rep 3 113.7 Rep3 129.1 Rep 3 88.2 

| average 110.9 average 124 average 107 average 105



Appendix 15. 

Water source Lm 
Date Collected 5/15/01 | 

: sample background E. coli levels (zero 
time) 

| Date/time TSB 5/14/01 2 p.m. Rep 1 1 
inoc. 

_ Organism used E. colli Rep 2 0 
a Date/time tests 5/15/01 10 a.m. Rep 3 1 

inoc. 
Low Conc. average 0.66666 

7 
Zero time | 

Rep 1 14.3 
Rep 2 18.9 

| Rep 3 12.2 — 
average 15.1 

High Conc. 

Zero time 

Rep 1 143 | 
Rep 2 129.6 
Rep 3 133.4 / 

average 135. 

| - 4 degrees low 
concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep 1 7.4 Rep 1 17.3 Rep 1 11 Rep 1 14.6 
Rep 2 15.6 Rep 2 17.3 Rep 2 13.5 Rep 2 13.5 

Rep 3 98 Rep3 12.2 Rep3 11 Rep3 8.5 
average 10.9 average 15.6 average 11.8 average 12.2 

4 degrees high 
concentration 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

Rep 1 93.2 Rep 1 122.3 Rep 1 116.2 Rep 1 95.9 
| Rep 2 101.4 Rep2 160.7 Rep 2 115.3 Rep 2 191.8 

Rep 3 101.7 Rep3 81.3 Rep 3 156.5 Rep 3 101.4 
average 98.8 average 121.4 average 129 average 130 
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10 degrees low 
| concentration | | 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml | ml ml 

Rep 1 14.6 Rep 1 8.5 Rep 1 15.5 Rep 1 9.7 
Rep 2 8.6 Rep2 8.6 Rep 2 17.1 Rep 2 17.1 
Rep 3 15.6 Rep 3 98 Rep3 10.9 Rep3 11 

: average 12.9 average 9.0 average 14.5 average 12.6 
10 degrees high 

concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml ml ml ml 

: Rep 1 146.7 Rep 1 120.1. Rep 1 65 Rep 1 123.6 
Rep 2 145 Rep 2 123.6 Rep 2 172.3. Rep 2 125.9 

: Rep 3 111.9 Rep3 O Rep3 131.3 Rep 3 98.7 
average 135 average 81 average 123 average 116 

20 degrees low | 
concentration 

8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
ml | ml ml ml 

Rep 1 — 17.9 Rep 1 9.8 Rep 1 8.6 Rep 1 6.3 
| Rep 2 9.7 Rep2 13.4 Rep 2 7.4 Rep2 5.2 

Rep 3 14.6 Rep 3 4.1 Rep3 16 Rep 3 5.2 

average 14.1 average 9.1 average 11 average 5.6 
20 degrees high 
concentration 

| 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 
| ml ml ml ml 

Rep 1 159.7 Rep 1 133.4 Rep 1 101 Rep 1 46.4 
| Rep 2 101.4 Rep 2 110.6 Rep 2 93.2 Rep 2 41.3 

: Rep 3 101.7 Rep3 96 Rep3 83.3 Rep 3 48.7 

| average 121 average 113 average 92.5 average 45.5 

30 degrees low 
| concentration 
: 8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

ml ml ml ml 

Rep 1 16.1 Rep 1 6.3 Rep 1 12.2 Rep 1 4.1 
Rep2 — 17.1 Rep2 11 Rep2 16 Rep 2 1 

Rep 3 20.1 Rep3 18.3 Rep 3 7.4 Rep3 1 
average 17.8 average 11.9 average 11.9 average 2.0 
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30 degrees high | 

| concentration 
8 hours MPN/100 30 hours MPN/100 48 hours MPN/100 72 hours MPN/100 

| ml ml ml ml 
Rep 1 135.4 Rep 1 152.9 Rep 1 64.5 Rep 1 2419.2 

: | Rep 2 101.4 Rep 2 116.9 Rep2. 115.3 Rep 2 27.2 
Rep 3 — 96 Rep3 156.5 Rep 3 101.7 Rep 3 14.6 

average 110.9 average 142.1 average 93.8 average 820. 

a 
| 
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