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The Influence of Activation Time on Left Ventricular Wall Motion
—Simulation Study of Ring Shape Left Ventricular Model—

Yasuhiro Takapa,* Akira Amano,' Inhwan Song,* Jianyin Lu,*"" Takao Suimayosu,™
Satoshi Isnikawa, it Hidetoshi KoTera,** Tetsuya MATSUDA®

Abstract The heart is an organ with highly complex structure and its pump function is affected by various
factors. Many reports showed the strong relation between the excitation-propagation phenomenon in the heart
and its pump function. But the experimental studies often failed to provide the mechanistic insights due to the
complex cross-talks built in these processes. In this study, we focus on the relation between the activation time
and the contraction of the tissue. The contraction simulation coupled with the excitation propagation simulation
was performed using the finite element model of the ventricular ring. We performed the simulation with 7 types
of stimulation with various pacing sites in the tissue, and compared the pump functions by the area ejection
fraction. The results showed that when the activation time became long, the area ejection fraction became non-
linearly small. The results of this study showed the excitation propagation is one of the important parameter of
the left ventricular wall motion.

Keywords: left ventricular wall motion simulation, activation time, excitation propagation simulation, myocardial

cell model, ejection fraction, biosimulation.
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Table 1 The transmural and the circumferential activation
time for each stimulation condition.

stimulation Ir al circumferential 1

condition | activation time [msec] | activation time[msec] |
single point 172 831

tworpoint 172 458

three-point 172 335
M_I'ohurvpoinl 172 272 [

five-point 172 237 |
endocardium 140 140 |

®2 AMBCy— it 2 ERELE
Table 2 Resulting area ejection fraction with seven stimula-
tion conditions.

stimulation condition area ejection fraction [%]
single point 13.10
two-point 1862
three-point 2032
four-point 2059
five-point i 20.7)
endocardium 2113
simultaneous 2151
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Fig. 4 Length of endo- mid- and epicardial cells at the stimu.

lation point and its symmetrical point in the single
point stimulation experiment.
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Fig. 5 Force of endo- mid- and epicardial cells at the stimula-

tion point and its symmetrical point in the single point
stimulation experiment,
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Introduction

Abstract

Aim: A new medium, EC-Blue-10, containing chromogenic and fluorogenic
substrates, KNO, and sodium pyruvate has been developed for the rapid simul-
taneous detection and enumeration of total coliforms and Escherichia coli in
water.

Methods and Results: Two evaluations of EC-Blue-10 were carried out. Firstly,
EC-Blue-10 was compared with Colilert-MPN for 96 water samples using MPN
for total coliforms and E. coli. Secondly, the detection of coliforms and E. coli
were compared using 2400 tubes of EC-Blue-10 and Colilert-MPN. The regres-
sion coefficients between EC-Blue-10 and Colilert-MPN for total coliforms and
E. coli were 091 and 089, respectively, For the detection results, the Cohen's
kappa values between the two media were 0-79 for coliforms and 0-72 for
E. coli.

Conclusions: EC-Blue-10 is almost same as Colilert-MPN for the detection of
coliforms and E. coli in surface waters. Further evaluation for EC-Blue-10 is
needed to verify in different geographical areas.

Significance and Impact of the Study: EC-Blue-10 is useful method for the
rapid and simultaneous detection of total coliforms and E. coli in water
sample.

side (ONPG) or chlorophenol red-fi-p-galactopyranoside
(CPRG) as a substrate, The results of studies comparing
media containing ONPG or CPRG and 4-methylumbel-

Total coliforms and Escherichia  coli are important
indicators of the sanitary quality of drinking water. The
standard test for the coliform group is either the multi-
ple-tube fermentation technique (Grasso er al. 2000) or
the membrane-filter technique (Bernasconi et al. 2006).
Since traditional multiple-tube  fermentation and
membrane-filter methods require a minimum of 24 h
incubation followed by a confirmation procedure lasting
24-48 h, there is a requirement for rapid test methods for
the emergency testing of drinking water supplies. During
recent decades new chromogenic or fluorogenic, defined
substrate methods based on fi-galactosidase for total coli-
forms or fi-glucuronidase for E. coli and ready-made
culture media have been introduced (Edberg and Edberg
1988). Many chromogenic media based on fi-galactosidase
for total coliforms use o-nitrophenol-fi-p-galactopyrano-

liferyl-fi-p-glucuronide (MUG) with standard methods
(Edberg et al 1988; Buckalew et al. 2006) provide critical
information confirming the accuracy of the defined sub-
strate technology (DST) method, its comparability to a
standard method, and its applicability for use, ONPG
could be replaced successfully by 35-bromo-4-chloro-
3-indoxyl- fi-p-galactopyranoside  (X-Gal) (Manafi and
Kneifel 1989), However, there are few studies testing
commercially available liquid media that use X-Gal and
MUG for the simultancous determination of total coli-
forms and E coli in water (Manafi and Kneifel 1989;
Geissler er al. 2000; Horman and Hanninen 2006). We
have developed a new medium using X-Gal and MUG for
rapidly and simultaneously detecting total coliforms and
E. coli in water. EC-Blue-10 is a new medium in a special
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plastic disposable tube sterilized by electron beam. After
incubation at 35°C for 24 h, the development of a blue-
green colour in an initially light yellow-coloured solution
demonstrates the presence of coliforms and fluorescence
at 366 nm in the same tube demonstrates the presence of
E coli. Since a DST method has been used as a Japanese
standard method since 1992 (Japan Water Works Associ-
ation [JWWA] 2001), it was decided to use this DST
method to confirm the validity of EC-Blue-10 for rapidly
and simultaneously detecting coliforms and E coli in
temperate humid climate zone waters sampled in Japan.

Materials and methods

EC-Blue-10

EC-Blue-10 consists of a granulated medium in a special
plastic bottle sterilized by electron beam. The medium was
developed primarily for the rapid growth of Enterobacteri-
aceae (Kodaka et al. 1995) and contains the following
ingredients g I™': Trypticase peptone (Becton, Dickinson
and Company, Sparks, MD, USA) 50, NaCl 50, K;HPO,
4:0, KH,PO4 10, KNOy 140, sodium pyruvate 1-0, sodium
dodecyl sulphate (SDS) 01, MUG 01, X-Gal 0], iso-
propyl-f-p-thiogalactopyranoside 0:1 and pH 71 £ 0-2.

Effect of media for the detection of coliform bacteria
from chlorinated water sample

Escherichia coli American Type Culture Collection (ATCC,
VA, USA) 11775, Citrobacter freundii ATCC 8090, Ente-
robacter cloacae ATCC 13047 and Klebsiella pneumoniae
ATCC 13883 were used in this study. Each coliform bac-
terium was suspended in sterilized phosphate buffer saline
(PBS) solution prepared to make 20 000 CFU 400 ml™'
in 500 ml Erlenmeyer flask. The bacteria suspension was
kept in the water bath at 20°C until mixing with chlorine
solution, The chlorine solution was prepared to a target
concentration of 0-3 mg 1! (0:3 ppm) in 400 ml sterilized
PBS solution in 500 ml Erlenmeyer flask. The chlorine
solution was kept in the water bath at 20°C until mixing
with the bacterial suspension. The 400 ml bacterial sus-
pension and 400 ml chlorine solution were mixed
promptly in 1000 ml sterilized brown Erlenmeyer flask
with stopper. This mixed solution was stirred by stirring
bar and 100 ml mixed solution was taken at 15, 30, 60,
120 and 300 s after adding sodium hypochlorite (NaOCl)
into 300 ml sterilized Erlenmeyer flask containing 0:5 ml
of 1 mol ™" of sodium thiosulfate. Each 50 ml sample
was diluted with 450 ml sterilized PBS solution. About
10 ml of diluted sample was inoculated into 10 tubes of
EC-Blue-10, Colilert-MPN, Lactose Broth with bromo-
thymol blue (LB: Nissui Pharmaceutical Co. Ltd, Tokyo,

© 2007 The Authory
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Japan) and Brilliant Green Lactose Bile broth (BGLB:
Nissui Pharma.). These cultures were incubated at
36 + 1°C for 48 h. During the 48-h incubation, the posi-
tive reaction was observed at 20, 24, 28 and 48 h. This
experiment was done three times for each strain. The
comparison for detection of each coliform from chlori-
nated water samples was carried out to sum up the posi-
tive results from the data of three experiments.

Influence of heterotrophic bacteria for coliforms and
E. coli detection

Each coliform bacterium (E. coli ATCC 11775, Cit. freun-
dii ATCC 8090, Ent. cloacae ATCC 13047 and KL pneu-
moniae ATCC 13883) was suspended in 250 ml sterilized
PBS solution to make 20 CFU mi™". Three heterotrophic
bacteria [Flavobacterium odoratum Japan Collection of
Micro-organisms (JCM, Saitama, Japan) 7458, Acinetobac-
ter calcoaceticus JCM 6842 and Psendomonas aeruginosa
from JWWA] were mixed and suspended in 250 ml PBS
solution to make 60 000 CFU ml™". Each coliform bacte-
rium and the heterotrophic suspension were mixed in
equal volumes. The mixed bacterial suspension was inoc-
ulated into 10 tubes of two media and incubated at 35°C.
The positive reaction was observed at 20, 24, 28 and
48 h. The experiments were done in duplicate for each
coliform bacterium.

Evaluation procedure for untreated and chlorinated
natural water

The natural water samples were collected by eight water-
work stations following the instructions issued by JWWA
between September (average temperature: 244°C at
Tokyo) and October (average temperature: 20-1°C at
Tokyo) 1998, Ten-litre water samples were collected in
sterilized bottles and were kept in the dark and at a cool
temperature (5°C) until examination. The examinations
were carried out within 48 h of collection. Each water
sample was tested in duplicate on the same day. The water
samples were put into sterilized 3000 ml Erlenmeyer
flasks and stirred with a magnetic stirrer at 20 + 1°C. The
following procedure was carried out in accordance with
the instructions of JWWA. NaOCI solution was added to
give a concentration of 02 mg1™' for lake-waters and
05 mg I”' for river-waters. The sampling time after the
addition of NaOC] was 20, 60, 180, 300 and 1800 s. Each
water sample was then put into sterilized 300 ml Erlen-
meyer flasks containing 1 mol I”' of sodium thiosulfate.
Total coliforms and E. coli in each of the 16 untreated
and 80 chlorinated natural water samples (total 96 water
samples) were then estimated using EC-Blue-10 and
Colilert-MPN (Colilert, IDEXX Laboratories, KK, Tokyo,
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Japan) by the five-tube, five-dilution MPN method. Each
medium was incubated at 36 £ 1°C. The results were read
at 24 h for total coliforms and E. coli. The presence of
coliforms using EC-Blue-10 was identified by the develop-
ment of a blue-green colour in an initially light yellow
coloured solution and the presence for E. coli was identi-
fied by the development of fluorescence at 366 nm
in the same vessel. For Colilert-MPN, the development
of a yellow colour indicated the presence of coliforms and
fluorescence on exposure to long-wavelength UV
light denoted the presence of E. coli.

Isolation and identification

The presence of total coliforms was confirmed by identify-
ing the bacterial isolate(s) to species level from at least
one positive EC-Blue-10 and Colilert-MPN tube per
row according to the method of Edberg et al. (1988). The
isolation of bacteria was carried out by streaking onto
Levine—Fosin Methylene Blue agar (L-EMB, Becton,
Dickinson and Company), Colonies with a typical green
metallic sheen, representative of each morphology present,
were picked and re-streaked on XM-G agar (the agar
medium  containing  5-bromo-6-chloro-3-indoxyl-fi-p-
galactopyranoside (Magenta-Gal) and 5-bromo-4-chloro-
3-indoxyl- fi-p-glucuronic acid, cyclohexylammonium salt
(X-Gluc), Nissui Pharma.) and incubated for 24 h at 35°C.
Presumptive identification for coliforms and E. coli was
confirmed by Magenta-Gal and X-Gluc reactions on XM-G
agar, respectively. Bacterial isolates were inoculated onto
plate count agar to confirm the purity of cultures. The iso-
lates for identification were selected after due consideration
of geographical differentiation, sampling time and colony
morphology on L-EMB and XM-G agar. Gram-negative
rods were identified by API 20E system (bioMerieux Japan
Lid, Tokyo, Japan) and 1D TEST EB-20 (Nissui Pharma.)
(Kodaka et al. 2004). The identification of all isolates was
also confirmed by standard methods.

Tests for microbial and physical properties

The tests were done according to the Japanese Standard
Methods for Examination of Water (TWWA 1993), The
standard plate count (SPC) using plate count agar incu-
bated at 36 + 1°C for 24 + 2 h and the heterotrophic plate
count (HPC) using PYG agar (g I”': peptone 2:0, glucose
05, yeast extract 10, agar 15, pH 70 £ 01) incubated at
20 4+ 1°C for 7 days were carried out before adding
NaOCL The residual chlorine was measured using the
N,N-diethyl-p-phenylenediamine method. The turbidity
was measured with a turbidimeter (ANA-7S Tokyo, Koden,
Tokyo, Japan) comparing the sample with a kaolin
turbidity standard solution [1 mg of kaolin in 1000 ml of
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distilled water has a turbidity of approx. one nephelometric
turbidity units (NTU)]. The water temperature was
measured with Celsius liquid-in-glass thermometer. The
pH was measured with a pH meter (HM-60V, TOA
Electronics, Tokyo, Japan) with a glass electrode.

Statistical analysis

Total results for the 96 sets of MPN data were calculated
as logio MPN of total coliforms and E. coli 100 ml™" of
water samples. Statistical calculations were carried out
with the MICROSOFT EXCEL 2000 statistics package. The
statistical analysis consisted of regression analysis and
paired i-test for the MPN data. The chi-square test and
Cohen's kappa for homogeneity of presence/absence
results were compared using 2400 tubes of EC-Blue-10
and Colilert-MPN, respectively. All statistical analyses were
performed with a level of significance of 0005, The data
were also analysed according to the ISO 17994 (2004) for
the establishment of equivalence between EC-Blue-10 and
Colilert-MPN methods, prescribes calculation of 100-times
the logarithmic (In) difference. The evaluation of equiva-
lence is based on the mean and the expanded uncertainty
derived from the standard uncertainty of the mean.

Results

Effect of media for coliform bacteria from chlorinated
water sample

No difference between 24 and 48 h for positive reactions
were observed among four media. Therefore, we have
compared the cultures for positive reaction at 24 h incu-
bation. A total of 30 tubes were examined at each chlo-
rine treatment time. For the detection of E. coli ATCC
11775 after chlorine treatment for 15, 30, 60, 120 and
300 s, positive X-Gal tubes of EC-Blue-10 were 6, 4, 9, 3
and 0, respectively, and positive ONPG tubes of Colilert-
MPN were 11, 4, 11, 1 and 1, respectively. Positive MUG
tubes of EC-Blue-10 were 6, 4, 9, 3 and 0, respectively,
and positive MUG tubes of Colilert-MPN were 10, 2, 11,
1 and 1, respectively. The positive gas production tubes
of LB were 19, 15, 18, 4 and 3, respectively. The positive
gas production tubes of BGLB were 16, 10, 16, 3 and 0,
respectively. For the detection Cit. freundii ATCC 8090,
positive X-Gal tubes of EC-Blue-10 were 29, 29, 21, 7 and
1, respectively, and positive ONPG tubes of Colilert-MPN
were 30, 30, 25, 7 and 5, respectively. The positive gas
production tubes of LB were 30, 30, 13, 12 and 4, respec-
tively. The positive gas production tubes of BGLB were
27, 12, 3, 3 and 0, respectively. For the detection of Ent.
cloacae ATCC 13047, positive X-Gal tubes of EC-Blue-10
were 15, 7, 4, 2 and 0, respectively, and positive ONPG
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tubes of Colilert-MPN were 6, 3, 4, 1 and 0, respectively.
No positive tubes for gas production in LB and BGLB
were observed. For the detection of K. pnewmoniae ATCC
13883, positive X-Gal tubes of EC-Blue-10 were 27, 27,
26, 9 and 12, respectively, and positive ONPG tubes of
Colilert-MPN were 3, 5, 3, 1 and 1, respectively. The
positive gas production tubes of LB were 25, 29, 28, 20
and 23, respectively. The positive gas production tubes of
BGLB were 19, 21, 23, 14 and 12, respectively. MUG reac-
tion in each medium was not observed with Cit. freundii
ATCC 8090, Ent. cloacae ATCC 13047 and KL pneumo-
niae ATCC 13883,

Heterotrophic bacterial influence to detect coliforms
and E coli

The heterotrophic bacteria at 10" CFU level found in
these samples appeared neither to interfere with coliforms
and E. coli detection nor to account for the differences
between EC-Blue-10 and Colilert-MPN in coliforms and
E. coli detection. Mixtures of the heterotrophic bacteria
did not result in false-negative analyses.

Untreated and chlorinated natural water samples

A total of 96 MPN tests for each water sample and each
NaOCI exposure time were carried out using EC-Blue-10
and Colilert-MPN. The results of the regression analyses
for total coliforms are shown in Table 1. Median logo
MPN 100 ml™" + standard deviation (SD) for total coli-
forms with EC-Blue-10 and Colilert-MPN  were

Evaluation of new medium for water

Table 1 Parameters of each test for total coliforms and Escherichia
coli from water samples®

Total colforms E. coli

Parameters EC-Blue-10 Colilert-MPN EC-Blue-10 Colilert-MPN

No. of tested 96 96 9 96
samples

No. of positive 93 87 7 41
samples

Median (logyg 211 223 V] 0
MPNA100 mi)

SD (logyo 1-32 138 091 0-89
MPN/100 mi)

95% 026 028 018 018
Confidence
limit

Regression o9 089
coetficient

Slope 096 085

Intercept -0-0012 0-084

tt 175 -017

df a5 95

*Include 16 untreated and 80 chlorinated water samples.
tPaired t-test at the significance level (P = 0-05).

Table 2 Comparison of presence/absence results from 2400 tubes
for coliforms and Echerichia coli

Coliforms E coli

Test kit Pt Abt k% ] Pr*  Abt Kkt ]

079 062 208 2192 072 010

217 2183

EC-Blue-10 959 1441
Colilert-MPN 925 1475

2:11 + 1-32 and 2-23 + 138, respectively. The regr
coefficient, slope and intercept between EC-Blue-10 and
Colilert-MPN were 091, 096 and —0-0012, respectively
(Table 1). The results of the regression analyses for E. coli
are shown in Table 1. Median log,q MPN 100 ml™' £ SD
for E coli with EC-Blue-10 and Colilert-MPN were
0 + 091 and 0 + 089, respectively. The regression coeffi-
cient, slope and intercept between EC-Blue-10 and Colil-
ert-MPN were 0-89, 0-85 and 0084, respectively. The
means of MPN results for total coliforms and E. coli with
EC-Blue-10 and Colilert-MPN were not statistically signi-
ficantly different (P > 0:05) by paired r-test. For all com-
parisons, the slope and intercept values, as determined by
linear regression analysis, were close to 1:00 and 0-00,
respectively. The presence/absence results using 2400
tubes of EC-Blue-10 and Colilert-MPN were compared.
For the coliform test, the results were 959 positive tubes
of EC-Blue-10 and 925 positive tubes of Colilert-MPN
(Table 2). For the E. coli test 208 tubes were positive
using EC-Blue-10 and 217 tubes were positive using
Colilert-MPN  (Table 2). These results indicated no
significant difference between the two media using the
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*Pr, presence.
tAb, absence.
1k, Cohen's kappa value.
§P, P value by chi-square.

chi-square test (P> 0-05). The substantial agreements
between the two kits obtained using Cohen's kappa were
(+79 for total coliforms and 0-72 for E. coli. Table 3 shows
statistical evaluations of the equivalence of the two meth-
ods for total coliforms and E. coli according to 1SO 17994
(2004). Samples were excluded from calculations when
both methods gave zero (0, 0). The expanded uncertainty
was derived from the standard uncertainty of the mean
by using the coverage factor k= 2. The evaluation for
results of the comparison and the confidence interval of
the expanded uncertainty around the mean was calculated
by computing the lower limit (x;) and upper limit (xp).
The x; and xy for total coliforms and E. coli were -3-0
and 516 and —44'9 and 44-3, respectively, Assuming that
the maximum acceptable deviation (D) has been chosen
as D = 10%. The means of relative difference for total
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Table 3 Statistical evaluation of the equivalence of the two MPN methods for total coliforms and Eschenichia coll according to IS0 17994 (2004)

Expanded
Mean uncertainty range
No. of relative - One-sided
Samples no* nt difference SD X Api evaluation
Total coliforms GE 1 95 243 1330 -30 516 Inconclusive
E. coli 96 47 49 -03 1560 -4449 443 Inconclusive

*ng, number of samples excluded because of zero
tn. number of samples retained for analysis.

Table 4 Statistical evaluation of P/A results according ta 150 17994

(2004)

nA® nBt 3
Coliform 147 101 853
E.coli 49 63 175

*nA, the number of samples where EC-Blue-10 was positive and Colil-
ert-MPN negative.

tnB, the number of samples where EC-Blue-10 was negative and Col-
flert-MPN positive.

x*, Poisson Index of dispersion

coliforms and E. coli were 24-3 and —0-3, respectively. The
evaluations for total coliforms and E. coli in accordance
with one-sided evaluation of 1SO 17994 (2004) were both
‘inconclusive’ because the data were insufficient for deci-
sions, Table 4 shows statistical evaluation of P/A results
for coliform and E. coli according to 1SO 17994 (2004).
The values of the Poisson-index of dispersion (x*) for
coliform and E. coli were 853 and 175, respectively. EC-
Blue-10 and Colilert-MPN methods were considered to
be ‘different’ for coliform, however both methods were
considered to be ‘not different’ in accordance with evalu-
ation for two P/A methods of 1SO 17994 (2004).

Bacterial isolates

Table 5 shows species of Gram-negative isolated from
untreated and chlorinated water samples. The total num-
ber of isolates for identification from EC-Blue-10 and
Colilert-MPN were 41 and 46, respectively. The coliforms
(excluding E. coli) that were isolated from water samples
were Cit. amalonaticus, Ent. agglomerans, Ent. cloacae,
Ent. intermedium, KI. Pnewmoniae and Serratia marcescens.
There were mixed cultures of total coliforms present in
both EC-Blue-10 and Colilert-MPN tubes.

Relation between coliforms and bacterial counts

Table 6 shows the microbiological and physical properties
of each sample during the experiments. The HPC ranged
from 3550 to 140 500 CFU ml™' with PYG agar and the

Table 5 Species of Gram-negative identified

% of all isolates identified by

Species EC-Blue-10 Colilert-MPN
Coliforms

Gitrobacter amalonaticus 2
Enterobacter agglomerans 13 1
Ent. cloacae 1 9
Ent. intermedium 3 1
Escherichia coli 40 a2
Kilebsiella pneumoniae 3 ]
Serratia hiquefaciens 1 2
Ser. marcescens 10 1
Noncoliforms

Aeromonas caviae 1 2
Moarganells morganii 5 2
Providencia alcalifaciens 1 2
Pseudomonas aeruginasa 8 1
Ps. fluorescens 3 4
Fs. putida 5 15
Proteus vulgarnis 1 7

Total solates for identification from EC-Blue-10 and Colilert-MPN
were 41 and 46, respectively

SPC ranged from 1305 to 141 000 CFU ml™" with plate
count agar. No relationship was noticed between SPC,
HPC and coliforms.

Discussion

Statistical evaluations of the equivalence of the EC-Blue-
10 and Colilert-MPN methods for total coliforms and E,
coli according to one-sided evaluation of ISO 17994
(2004) were ‘inconclusive’ for total coliforms and E. coli.
About 25 additional samples for total coliforms and
about 1000 additional samples for E. coli would have
been sufficient numbers to reach firm decisions. The
ONPG test with the ONPG peptone-water medium is
preferable for growth of the organisms (Lowe 1962). EC-
Blue-10 contains biological material such as peptone for
the enhanced growth for bacteria, whereas Colilert-MPN
is minimal medium for bacteria. Two ingredients of

© 2007 The Authors
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Table 6 Microbial and physical properties of each water sample during the experiments

No. of coliforms solated No. of E coli isolated

Sampling SPC™ HPCt Free Total Temp.

areas EC- Blue-10  Colilert- MPN  EC-Blue-10  Colilert-MPN  (CFUmI™") (CFUmI™) CrHmg ") CHmg ) ()  NTU$ pH
A-lake 25 17 4 4 1305 2563 01 02 2141 06 73
B-river n 38 12 16 21700 120500 02 04 205 29 74
C-river 26 20 6 (] 141000 140500 03 05 201 o5 74
D-lake 46 35 14 5 1118 3550 01 02 208 20 86
E-river 32 34 B n 2503 26575 02 133 200 08 73
F-fiver 30 26 1" 10 16275 71000 04 05 196 26 73
G-river 33 34 4 7 1973 6700 o1 03 201 15 76
H-river 43 47 13 25 19950 71000 V3] o5 203 141 73
Mean 33 3 9 1 25728 55299 02 04 205 15 76
SD 8 10 4 7 47408 54313 01 o1 05 09 04

Sixteen untreated and 80 chlorinated water samples were tested.
*SPC, Standard plate count

tHPC, Heterotrophic plate count.

{NTU: Nephelometric turbidity units

EC-Blue-10 are also different from Colilert-MPN. Firstly,
EC-Blue-10 contains sodium pyruvate as nonenzyme per-
oxide-degrading compound to increase the detection of
chlorine-stressed  coliform  bacteria  (Sartory  1995).
Secondly, the KNO, in EC-Blue-10 is important for
bacteria, as it allows energy production during nitrate
respiration (Hadjipetrou and Stouthamer 1965). Bacteria,
commonly considered part of the total coliform group
were isolated from both EC-Blue-10 and Colilert-MPN
tubes. E. coli was isolated from tubes with both positive-
colour and -fluorescence. E. coli was primarily isolated
from water samples, followed by Ent. agglomerans, KI.
pneumoniae and Serratia marcescens. Every isolate was
inoculated into both media to confirm the reactions. No
different reactions were observed between EC-Blue-10
and Colilert-MPN. There did not appear to be a signifi-
cant difference in the distribution of bacterial species in
either medium. The HPC on most samples were higher
than the SPC. Only one sample, C-river, had almost the
same microbiological count (Table 6). The results of het-
erotroph interference study and the results in Table 6
support the notion that heterotrophic bacteria do not
interfere with the detection or enumeration of total coli-
forms and E. coli by the EC-Blue-10. After the addition
of NaOCl, total coliforms were detected from the H-river
water sample using both methods. The microbial and
physical properties of this water sample were not signifi-
cantly different from the other water samples (Table 6).
We have not investigated why total coliforms were
detected after the addition of NaOCL There was a con-
cern that bacteria other than E. coli might exhibit fluo-
rescence. No false-negative results were observed in this
study. However, we did find false-positive results, with
fi-glucuronidase positive Staph. warneri being isolated
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from EC-Blue-10 and pyoverdin positive Ps. putida being
isolated from Colilert-MPN. Staph. warneri could be
resistant to 0-1 g SDS 1" in FC-Blue-10 (Kodaka ef al.
1995), We agree with Edberg er al. (1988) that each test
was limited by design to drinking water distribution
samples and the user should first establish the efficacy of
the test in each water sample. A weak fluorescent reac-
tion for MUG test can be read in the aqueous phase of
the medium. A disadvantage of EC-Blue-10 was that it
was difficult to read a weak-positive blue colour,
because the base colour of EC-Blue-10 is light yellow.
However, the medium in EC-Blue-10 was developed
primarily for the rapid growth of Enterobacteriaceae
(Kodaka ef al. 1995). If coliforms were present in the
water sample, they could grow sufficiently. Therefore, it
would be very rare to observe a weak reaction and if a
weak reaction was observed, it could be confirmed by
comparison to the EC-Blue-10 comparator.

In conclusion, EC-Blue-10 gave results that were almost
statistically equivalent to the DST method currently
accepted by the Ministry of Health, Labour and Welfare
of Japan. Therefore, the EC-Blue-10 is as useful as the
DST method for the detection of coliforms and E. coli in
temperate humid climate zone water. However, the water
samples tested were very limited in this evaluation of EC-
Blue-10 and therefore, it is recommended that a more
extensive evaluation of EC-Blue-10 be undertaken.
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