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1. Introduction

1.1. Validation��history��
The��method��REBECCA��CF��WATERS��has��been��validated��by��AFNOR��Certification��in��April��2012��with��the��trademark��
NF��Validation��under��the��attestation��number��AES��10/13��–��04/12��for��the��enumeration��of��Escherichia��coli��and��
coliform��bacteria��in��waters��for��human��consumption.��
A��renewal��of��the��method,��without��modifications,��was��conducted��in��Mars��2016��by��the��laboratory��ISHA.��

1.2. Validation��repositories��
The��validation��study��of��the��method��REBECCA��CF��WATERS��was��performed��according��to��the��validation��protocol��
for��an��alternative��commercial��method��as��compared��to��a��reference��method��(revision��1��–��May��2010).��

1.3. Alternative��method��
Enumeration��of��E.��coli��is��done��by��the��detection��of��the���t��–��D�rglucuronidase��colouring��colonies��in��blue��with��or��
without��blue��halo.��Coliforms��that��express��their� � � t� rGalactosidase��will��be��coloured,��by��the��use��of��a��specific��
substrate��in��pink��to��purple.��
The��mix��of��selective��agents��inhibits��the��growth��of��interfering��flora.��

The��protocol��of��the��alternative��method��is��as��follows:��

Figure��1��:��protocol��of��the��alternative��method��
Water��filtration ��

Filter��100��mL��(or��250��mL��for��bottled��water)��
of��water��sample��on��a��sterile��membrane��

Place��the��membrane��on��the��center��of��the��Petri��dish��containing��the��REBECCA��CF��WATERS��medium��

Incubation��

Incubate��the��Petri��dish��at��(36±��2)��°C��for��(21±3)��hours��

Reading��

�t�rD�rglucuronidase��positive��E.��coli:��blue��colonies��
Coliforms��other��than��E.��coli:��pink��colonies��
Coliforms:��pink��colonies��+��blue��colonies��

The��user��guide��project��is��presented��in��appendix��1��and��the��alternative��method��protocol��in��appendix��2.��

1.4. Application��scope��
The��application��scope��of��the��alternative��method��concerns��waters��for��human��consumption.��

1.5. Reference��method��(*)��
The��NF��EN��ISO��9308�r1��(2000):��“Water��quality���r��Detection��and��enumeration��of��Escherichia��coli��and��Coliforms��
bacteria���r��Part��1:��Membrane��filtration��method”��was��used��as��reference��method.��
The��protocol��of��the��reference��method��is��presented��in��appendix��3.��



2. Method��comparison��study
The��following��characteristics��were��studied��during��the��comparative��study:��
• Relative��accuracy,
• Linearity��of��the��alternative��method,
• Selectivity��of��the��alternative��method,
• Limit��of��detection��and��limit��of��quantification��of��the��alternative��method
• Practicability��of��the��alternative��method

2.1. Relative��accuracy��
The��relative��accuracy��is��the��degree��of��correspondence��between��the��response��obtained��by��the��reference��
method��and��the��response��obtained��by��the��alternative��method��on��the��same��samples.��

2.1.1. Number��and��nature��of��samples��
Two��categories��of��water��were��tested��in��duplicate��with��reference��method��and��alternative��method:��bottled��
waters��and��fountain,��wells��and��drilling��waters.��According��to��the��new��standard��of��validation,��these��two��
categories��can��be��melted��in��one:��waters��for��human��consumption.��

Different��types��of��samples��analyzed��are��summarized��in��table��1.��

Table��1��:��number��and��nature��of��samples��analyzed��

Target��microorganism�� Water��type��
Number��of��samples��

analyzed��
Number��of��samples��

used��

Coliforms��

Bottled��waters�� 41�� 18��

Non��bottled��waters�� 39�� 19��

Total�� 80�� 37��

Escherichia��coli��

Bottled��waters�� 28�� 19��

Non��bottled��waters�� 25�� 19��

Total�� 53�� 38��

Total��Escherichia��coli��and��other��coliforms�� 133�� 75��

Globally,��133��samples��were��analyzed��and��75��results��were��used.��No��naturally��contaminated��sample��was��
analyzed.��The��samples��have��been��artificially��contaminated.��The��contamination��levels��used��cover��the��entire��
measurement��range��of��the��alternative��method��(appendix��4).��

Regarding��the��initial��validation,��samples��for��which��at��least��a��replicate��was��inferior��to��4��CFU��per��test��portion��
were��not��taken��into��account��for��the��statistical��analysis.��These��results��are��grayed��in��the��appendices,��three��
results��are��concerned��for��the��parameter��“Coliforms”��and��three��are��concerned��for��the��parameter��“Escherichia��
coli”.��

2.1.2. Raw��results��
Raw��results��and��statistical��calculations��are��summarized��in��tables��2��and��3��and��in��appendix��5.��

Figure��2��presents��the��two�rdimensional��graphs��for��the��category��tested,��respectively��in��CFU��per��test��portion��and��
in��log��CFU��per��test��portion.��The��y�raxis��is��reserved��for��the��alternative��method��and��the��x�raxis��for��the��reference��
method.��The��statistical��calculations��and��graphics��were��established��from��results��after��48��hours��of��incubation��
for��the��reference��method��petri��dishes.��

The��representation��of��a��line��of��equation��“y��=��x“��figures��dashed��on��the��graphs.��



Figure��2��:��two�rdimensional��graph��for��relative��accuracy��in��CFU��and��log��CFU��/��test��portion)��(black��line:��y=x)��

2.1.3. Statistical��exploitation��
The��relationship��of��relative��accuracy��between��the��reference��method��and��the��alternative��method��is��evaluated��
with��the��linear��model:��'y��=��a��+��bx��'.��This��formula��corresponds��to��the��equation��of��the��linear��regression��drawn��
from��raw��results��obtained��by��experimentation,��y��representing��the��alternative��method��and��x��the��reference��
method.��
There��is��a��perfect��accuracy��(or��there��is��no��systematic��bias)��between��the��two��methods��if��this��equation��is��equal��
to��the��theoretical��'y��=��x'��equation,��which��applies��in��the��ideal��model��where��the��two��methods��behave��similarly.��
The��intercept��is��theoretically��zero��in��this��ideal��model��(hypothesis��[a��=��0]).��The��estimated��intercept��obtained��
with��the��two��methods��is��checked��using��p��{a��=��0}.��If��the��alternative��method��is��a��systematic��bias��against��the��
reference��method,��the��probability��p��{a��=��0}��is��less��than���r��=��0.05.��
The��'b'��slope��is��theoretically��equal��to��1��in��the��ideal��model��(hypothesis��[b��=��1]).��The��estimated��slope��obtained��
with��the��two��methods��should��pass��by��p��{b��=��1}.��Statistically,��if��the��alternative��method��does��not��give��the��same��
values��as��the��reference��method,��the��probability��p��{b��=��1}��is��less��than���r��=��0.05.��
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The��linear��regression��method��is��chosen��over��the��value��of��the��robustness��of��the��ratio��R��of��overall��repeatability��
standard��deviation:��

�r��If��Rob.R��>��2,��linear��regression��by��least�rsquares��(OLS��1)��is��used��with��the��x�raxis��for��the��reference��
method,��
�r��if��Rob.R��<��0.5,��a��linear��regression��by��least�rsquares��(OLS��2)��is��used��with��the��x�raxis��for��the��alternative��
method,��
�r��If��0.5��<��Rob.R��<��2,��orthogonal��regression��(GMFR)��is��used��with��the��x�raxis��to��the��reference��method.��

Parameter��

Measu�r
rement��
unit��/ ��
test��

portion��

Rob.R��
Regression��

used��
T��

critical��
a�� t(a)�� b�� t(b)��

Probabilities��(%)��

Intercept��
at��0��

Slope��
at��1��

Coliforms��
CFU�� 0.83�� GMFR�� 2.03�� 3.05�� 1.15�� 0.93�� 1.60�� 25.50�� 11.34��

log��CFU�� 1.09�� GMFR�� 2.03�� 0.13�� 0.73�� 0.93�� 1.28�� 46.92�� 20.56��

E.��coli��
CFU�� 0.92�� GMFR�� 2.02� � � r6.12�� 1.61�� 1.00�� 0.01�� 11.00�� 99.00��

log��CFU�� 1.40�� GMFR�� 2.02� � � r0.28�� 1.19�� 1.12�� 1.31�� 24.00�� 19.00��

Table��2��:��statistical��data��for��the��enumeration��in��human��drinking��waters��

Parameter��
Measurement��unit��/ ��

test��portion��

Bias��(D) Repeatability��

Average�� Median��
r rob.��r

RM AM�� RM�� AM

Coliforms��
CFU � r2.08 �r1.50 33.63�� 30.40�� 17.61�� 14.68

log��CFU�� 0.01 �r0.01 0.22 0.20�� 0.17�� 0.18��

E.��coli��
CFU � r6.16 �r4.75 22.17 29.59�� 17.61�� 16.14

log��CFU � r0.07 �r0.04 0.20 0.27�� 0.20�� 0.21
Table��3��:��bias��and��repeatability��of��the��two��methods����

The��equations��for��the��regression��line��and��the��correlation��coefficient��are��as��follows:��

Table��4��:��equations��of��the��regression��lines��for��the��two��parameters��

Parameter��

Raw��data��(CFU/100��or��250��mL) Log��data (log��CFU/100��or��250��mL)

Regression��line��
Correlation��
coefficient��(��

r��)��
Regression��line��

Correlation��
coefficient��(��

r��)��
Coliforms�� Alt.=0.93��Ref.��+��3.05�� 0.96 log��Alt.��=��0.93��log��Ref.��+��0.13�� 0.93��

E.��coli�� Alt.��=��1.00��Ref.��–��6.12���� 0.90 log��Alt.��=��1.12log��Ref.��–��0.28���� 0.87

The��hypothesis��{a��=��0��and��b��=��1}��is��accepted��for��the��parameter��“Coliforms”��and��the��parameter��”Escherichia��
coli”��for��an��expression��of��the��results��both��in��CFU/test��portion��or��in��lof��CFU/test��portion��
The��median��bias��calculated��between��the��alternative��method��and��the��reference��method��is��low��(between���r4.75��
and���r1.50��in��CFU/test��portion��or��between���r0.01��and���r0.04��in��log��CFU/test��portion).��
Whatever��the��kind��of��data��used,��the��calculated��limits��of��repeatability��are��similar��for��both��methods.��

2.1.4. Conclusion��
For��all��parameters,��the��correlation��between��the��reference��method��and��the��alternative��method��is��satisfactory.��

Limits��of��repeatability��are��between��14.68��and��16.14��in��CFU��/ ��test��portion��and��between��0.18��and��0.21��log��MPN��
/ ��test��portion��for��the��alternative��method��and��17.61��in��CFU��/ ��test��portion��and��between��0.17��and��0.20��in��log��CFU��
/ ��test��portion��for��the��reference��method.��
The��bias��are��between���r4.75��and���r1.50��CFU��/ ��test��portion��and��between���r0.01��and���r0.04��log��CFU��/ ��test��portion.��



2.2. Linearity��
The��linearity��is��the��ability��of��the��method��when��used��with��a��given��matrix��to��give��results��that��are��in��proportion��
to��the��amount��of��analyte��present��in��the��sample,��that��is��an��increase��in��analyte��corresponds��to��a��linear��or��
proportional��increase��in��results.��

2.2.1. Contamination��levels��
The��matrix��/ ��strain��couples��are��presented��in��Table��5.��For��each��couple,��four��contamination��levels��were��tested��
in��duplicate��by��the��reference��method��and��the��alternative��method.��

Table��5��:��couple��matrix��–��strain��analyzed��
Strain�� Matrix�� Target��level��for��contamination��

Escherichia��coli��ESC.1.112�� Tap��water��
10�r��30�r��50�r��100��

(CFU/100��or��250��mL)��
Citrobacter��freundii��CIT.1.4�� Mineral��water��
Escherichia��coli��ESC.1.112�� Spring��water��
Citrobacter��freundii��CIT.1.4�� Fountain��water��

2.2.2. Raw��results��
Raw��results��and��statistical��calculations��are��summarized��in��appendix��6.��Graphs��of��figure��3��and��4��show��the��values��
of��each��sample��obtained��by��the��alternative��method��and��the��reference��method.��The��y�raxis��is��reserved��for��the��
alternative��method��and��the��x�raxis��for��the��reference��method.��

The��representation��of��a��line��of��equation��'y��=��x'��figures��dashed��on��the��graphs.��

Figure��3��:��two�rdimensional��graphs��for��linearity��(black��line:��y=x)��

Figure��3��(following)��:��two�rdimensional��graphs��for��linearity��(black��line:��y=x)��
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2.2.3. Statistical��exploitation��
Statistical��interpretations��are��carried��out��in��accordance��with��the��requirements��of��standard��NF��ISO��16140��(see��
tables��6��and��7).��
The��linear��regression��method��is��chosen��over��the��value��of��the��robustness��of��the��ratio��R��of��overall��repeatability��
standard��deviation:��

�r��If��Rob.R��>��2,��linear��regression��by��least�rsquares��(OLS��1)��is��used��with��the��x�raxis��for��the��reference��
method,��
�r��if��Rob.R��<��0.5,��a��linear��regression��by��least�rsquares��(OLS��2)��is��used��with��the��x�raxis��for��the��alternative��
method,��
�r��If��0.5��<��Rob.R��<��2,��orthogonal��regression��(GMFR)��is��used��with��the��x�raxis��to��the��reference��method.��

Table��6��:��statistical��data��of��the��couple��matrix��–��strain��analyzed��for��the��“Coliforms”��parameter(r:��coefficient��of��
correlation)��

Water��
type��

Data�� Rob.��R��
Regression��

used��
F

critical��
Rob.��F

P��
(Rob.F)��

r�� Regression��line��

Mineral��
(250��mL)��

Raw�� 2.50�� OLS1�� 6.94�� 2.62�� 0.19�� 1.00�� 1.08��Ref.��–��2.23��

Log�� 10.49�� OLS1�� 6.94�� 0.81���� 0.51���� 1.00���� 1.01��log��Ref.��–��0.00����
Fountain��
(100��mL)��

Raw�� 1.00�� GMFR�� 6.94�� 64.85���� 0.00���� 0.98���� 1.03��Ref.��+��3.23��

log�� 0.60���� GMFR�� 6.94�� 166.79�� 0.00�� 0.98���� 1.40��log��Ref.��–��0.69����

Table��7��:��statistical��data��of��the��couple��matrix��–��strain��analyzed��for��the��“E.��coli”��parameter(r:��coefficient��of��
correlation)��

Water��
type��

Data�� Rob.��R��
Regression��

used��
F

critical��
Rob.��F

P��
(Rob.F)��

r�� Regression��line��

Spring��
(250��mL)��

Raw�� 1.83���� GMFR�� 6.94�� 0.19�� 0.84���� 1.00���� 0.88��Ref.��+��7.11����

Log�� 2.83���� OLS1�� 6.94�� 0.46���� 0.66���� 1.00���� 0.84��log��Ref.��+��0.30����
Tap��

(100��mL)��
Raw�� 1.15���� GMFR�� 6.94�� 3.21���� 0.15���� 0.99���� 1.02��Ref.��–��3.23��

log�� 0.73���� GMFR�� 6.94�� 0.05���� 0.95���� 1.00���� 1.01��log��Ref.��–��0.04��

The��relationship��between��the��2��methods��is��not��linear:��
�r��if��Rob.F��>��critical��F��or,��
�r��if��P��(Rob.F)��<���r��(=��0,05).��

2.2.4. Conclusion��
For��the��“Escherichia��coli”��parameter,��the��relationship��between��the��two��methods��is��linear��regardless��of��the��
water��type��and��the��data��used��(raw��data��or��log��data).��
For��the��“Coliforms”��parameter,��the��relationship��between��the��two��methods��is��linear��for��the��mineral��water��but��
not��linear��for��the��fountain��water.��However,��the��correlation��coefficient��of��the��regression��line��is��satisfactory��for��
this��water��type.��

The��linearity��of��the��alternative��method��is��satisfactory.��

2.3. Detection��and��quantification��limits��
The��detection��and��quantification��limits��are��checked��in��accordance��with��the��standard��EN��ISO��16140.��Three��
parameters��are��determined.��Here��are��their��ISO��16140��definitions:��

�r��the��critical��level��(LC)��is��the��smallest��amount��which��can��be��detected��(not��null),��but��not��quantified��as��
an��exact��value.��Below��this��value,��it��cannot��be��sure��that��the��true��value��is��not��null.��At��this��level,��the��false��
negatives��probability���t��is��50��%��(�t��is��the��second��type��of��statistical��error).��



�r��the��detection��limit��(LOD)��is��higher��than��the��critical��level,��because��it��involves��a��power,��the��probability��
1���r���t,��which��has��to��be��well��over��50��%,��for��example��95��%.��
�r��the��quantification��limit��(LOQ)��is��the��smallest��amount��of��analyte,��(that��is��the��lowest��actual��number��of��
organisms),��which��can��be��measured��and��quantified��with��defined��precision��and��accuracy��under��the��
experimental��conditions��by��the��method��under��validation.��

2.3.1. Protocol��
The��limits��of��detection��and��quantification��were��determined��by��analyzing��a��pure��culture��of��Escherichia��coli��
strain��ESC.1.120��and��a��pure��culture��of��the��strain��of��Citrobacter��freundii��CIT.1.5��by��the��alternative��method.��Six��
levels��of��contamination��(including��level��0),��with��six��replications��for��each��level,��were��studied��in��sterilized��water.��

2.3.2. Results��
Raw��results��are��presented��in��appendix��7��and��the��summary��in��the��following��tables.��

Table��8��:��data��(s0��and��x0)��for��the��enumeration��of��Escherichia��coli��(underlined:��the��reference��level)��
Level��(CFU/100mL)�� Number��of��positive��samples�� Standard��deviation��(So)�� Bias��(Xo)��

0�� 0�� 0.00�� 0��
0,4�� 3�� 0.82�� 0.5��
0,6�� 2�� 0.52�� 0��
1,1�� 5�� 1.00���� 1��
2,1�� 3�� 1.27���� 0.5��
2,8�� 6�� 1.37���� 2��

Table��9��:��LC,��LOD��and��LOQ��values��of��the��alternative��method��for��the��enumeration��of��Escherichia��coli��
Formula�� Values��obtained��

Critical��level��(CL)�� 1.65��So��+Xo�� 1.85��
Limit��of��detection��(LOD)�� 3.3��So+Xo�� 3.19��

Limit��of��quantification��(LOQ)�� 10��So��+��Xo�� 8.66��

Table��10��:��data��(s0��and��x0)��for��the��enumeration��of��coliforms��(underlined:��the��reference��level)��
Level��(CFU/100mL)�� Number��of��positive��samples�� Standard��deviation��(So)�� Bias��(Xo)��

0�� 0�� 0.00���� 0��
0,4�� 1�� 0.41���� 0��
0,7�� 3�� 0.82���� 0.5��
1,2�� 5�� 0.75���� 1��
2,2�� 4�� 1.17���� 1��
3,2�� 6�� 1.23���� 3��

Table��11:��LC,��LOD��and��LOQ��values��of��the��alternative��method��for��the��enumeration��of��coliforms��
Formula�� Values��obtained����

Critical��level��(CL)�� 1.65��So��+Xo�� 1.85��
Limit��of��detection��(LOD)�� 3.3��So+Xo�� 3.19��
Limit��of��quantification��(LOQ)�� 10��So��+��Xo�� 8.66��

2.3.3. Conclusion��
The��limits��of��detection��and��the��limits��of��quantification��of��the��alternative��method��are��satisfactory.��

2.4. Selectivity��
The��selectivity��of��the��alternative��method��is��evaluated��by��its��inclusivity��and��its��exclusivity.��



Inclusivity��is��the��ability��of��the��alternative��method��to��detect��the��target��analyte��from��a��wide��range��of��strains.��
Exclusivity��is��the��lack��of��interference��by��a��relevant��range��of��non�rtarget��strains��with��the��alternative��method.��

2.4.1. Protocols��
Fifty��one��target��strains��(including��twenty��one��strains��of��Escherichia��coli)��and��thirty��one��non�rtarget��strains��(from��
the��collections��of��national,��international��and��internal��ISHA)��were��analyzed.��The��tests��were��performed��
according��to��the��protocol��of��the��alternative��method.��The��contamination��rate��used��for��inclusiveness��are��
between��30��and��100��CFU/100��mL��and��are��103��to��105��times��the��detection��concentration��of��the��alternative��
method��(about��104��CFU��/ ��100��mL)��with��respect��to��exclusivity.��

2.4.2. Results��
Raw��results��are��in��appendix��8.��
All��target��strains��(coliforms��and��Escherichia��coli)��tested��are��detected��by��the��alternative��method.��
Among��the��thirty��non�rtarget��strains��tested,��one��showed��a��cross�rreaction��with��the��alternative��method.��A��strain��
of��Shigella��sonnei��showed��typical��colonies��on��REBECCA��CF��WATERS��medium.��However,��many��works��mentioned��
that��some��strains��of��Shigella,��particularly��S.��sonnei,��possess��a���t�rD�rglucuronidase��activity,��which��explains��this��
result.��

2.4.3. Conclusion��
The��selectivity��of��the��method��is��satisfactory.��

2.5. Practicability��
The��practicability��was��evaluated��according��to��the��13��criteria��defined��by��AFNOR��Technical��Committee.��

1�r��Mode��of��packaging��of��test��components��
The��REBECCA��CF��WATERS��are��packaged��in��bags��of��20��Petri��dishes.��

2�r��Volume��of��reagents��
None.��

3�r��Storage��conditions��of��components��and��shelf�rlife��of��unopened��products����
The��REBECCA��CF��WATERS��Petri��dishes��should��be��conserved��at��2��–��8°C.��

4�r��Modalities��after��first��use��
Each��REBECCA��CF��WATERS��medium��serves��a��unique��analysis��and��should��not��be��reused.��

5�r��Equipment��and��specific��local��requirements��
Usual��tools��for��microbiology��laboratory.��

6�r��Reagents��ready��to��use��or��for��reconstitution��
None.��

7�r��Training��period��for��operator��with��no��experience��with��the��method��
Use��of��the��method��REBECCA��CF��WATERS��does��not��require��special��training.��
The��duration��of��training��is��estimated��to��be��1��hour.��

8�r��Handling��time��and��flexibility��of��the��method��in��relation��to��the��number��of��samples��
The��duration��of��a��filtration��according��the��reference��method��(ISO��9308�r1)��is��approximately��1.5��min��using��
disposable��filter��units��and��3.5��min��using��non�rdisposable��filter��units.��Duration��of��use��of��REBECCA��CF��WATERS��
method��is��about��1.5��to��2��min.��



9�r��Time��required��for��results����
The��delay��in��obtaining��results��for��the��alternative��method��is��22��±��2��hours.����

10�r��Operator��qualification��
Identical��as��necessary��for��the��reference��method��

11�r��Steps��common��with��the��reference��method��
None.��

12�r��Traceability��of��analysis��results��
None.��

13�r��Maintenance��by��laboratory��
None.��



3. Interlaboratory��study
The��main��object��of��the��collaborative��study��is��to��determine��the��variability��of��the��results��obtained��by��different��
laboratories��analyzing��identical��samples��and��to��compare��these��results��within��the��framework��of��the��
comparative��study��of��the��methods.��

3.1. Study��organization��

3.1.1. Participating��laboratories��
The��interlaboratory��study��was��realized��by��the��expert��laboratory��and��fifteen��participating��laboratories.��

3.1.2. Absence��of��coliforms��in��the��matrix��
Before��spiking,��the��absence��of��coliforms��was��verified��in��the��batch��of��bottled��mineral��water��used,��according��to��
the��reference��method.��

3.1.3. Strain��stability��in��the��matrix��
The��strain��stability��in��mineral��water��matrix��was��evaluated��for��3��days��at��(5±3)°C.��The��strain��used��was��E.��coli��
(Code��ISHA:��ESC.1.119)��isolated��from��aquatic��environment.��
The��samples��were��analysed��at��D0,��D+1��and��D+2��by��the��reference��method.��The��results��are��summarized��in��table��
12.��

Table��12��:��results��(CFU/��250��mL)��of��the��stability��study��of��the��strain��ESC��1.119��in��mineral��water��
Day�� Level��1�� Level��2�� Level��3��
D1�� 30�� 85�� 148��
D2�� 30�� 68�� 126��
D3�� 26�� 62�� 113��

The��results��show��that��the��E.��coli��strain��used��is��stable��for��2��days��at��(5±3)°C��in��mineral��water.��

3.1.4. Samples��preparation��and��spiking��
The��matrix��was��inoculated��with��the��target��strain��suspension��to��obtain��4��contamination��levels:��
� � � rL0:��0��CFU��in��250��mL��
� � � rL1:��1��to��20��CFU��in��250��mL��
� � � rL2:��20��to��80��CFU��in��250��mL��
� � � rL3:��80��to��150��CFU��in��250��mL��

The��matrix��was��distributed��at��508��mL��in��sterile��bottles.��Every��bottle��was��individually��spiked��and��homogenized.��
Eight��samples��per��laboratory��were��prepared��(2��samples��per��contamination��level).��Each��laboratory��received��8��
samples��to��analyze,��1��sample��to��quantify��the��endogenous��microflora��and��1��water��sample��containing��a��
temperature��probe.��
The��results��of��the��enumerations��of��the��heterophilic��flora,��the��target��levels��and��the��real��levels��of��contamination��
are��presented��in��table��13.��

Table��13��:��target��level,��real��level��and��culturable��microorganisms��of��the��matrix��
Contamination��

level��
Flora��(CFU/mL)�� Escherichia��coli��ESC.1.119��(CFU/250��mL)��

22°C�� 36°C�� Target��level�� Real��level��
0��

<1�� <1��

0�� 0��
1�� 1��à��20�� 22��
2�� 20��à��80�� 92��
3�� 80��à��150�� 165��



3.1.5. Samples��labeling��
The��labelling��of��the��bags��was��realized��as��follows:��a��code��to��identify��the��laboratory:��from��A��to��O��(cf.��table��14)��
and��a��code��to��identify��each��sample,��only��known��by��the��expert��laboratory.��The��samples��and��the��temperature��
control��vials��(water��sample��with��a��temperature��probe)��were��stored��at��4°C��before��shipping.��

Table��14��:��sample��code��by��contamination��level��

Contamination��level��(CFU/��250��mL)�� Sample��code��

0�� 4��/ ��5��

1��–��20�� 1��/ ��8��

20��–��80�� 3��/ ��6��

80��–��150�� 2��/ ��7��

3.1.6. Samples��shipping,��reception��and��analysis��
The��samples��were��shipped��in��a��coolbox��the��5th��of��March��2012.��
The��coolboxes��were��received��the��6th��of��March��2012��by��all��the��participating��laboratories.��The��control��
temperature��was��recorded��upon��receipt��of��the��package��and��the��temperature��probe��sent��to��the��expert��
laboratory.��The��samples��were��analyzed��on��the��7th��of��March.��The��expert��laboratory��concurrently��analyzed��a��
set��of��samples��under��the��same��conditions��with��both��methods.��

3.2. Results��

3.2.1. Temperature��and��state��of��the��samples��
The��temperature��readings��upon��reception,��the��one��recorded��by��the��probe��and��the��state��of��the��samples��are��
shown��in��table��15.��

Table��15��:��temperature��and��state��of��the��samples��upon��reception��and��during��the��shipping��(/:��data��not��available)��

Laboratory��
Temperature��(°C)��
upon��reception��

Temperature��(°C)��recorded��by��the��
probe�� State��of��the��

samples��
Mean�� SD��

A�� / �� 1.3�� 0.4�� / ��
B�� 3.1°C�� 1.9�� 0.8�� Good��
C�� 5.5°C�� 1.2�� 0.8�� Good��
D�� 7.9°C�� 2.3�� 0.7�� Good��
E�� 3.2°C�� / �� / �� Good��
F�� 7.5°C�� 2.4�� 0.8�� Good��
H�� 5.0°C�� 1.7�� 0.6�� Good��
I�� 7.4°C�� / �� / �� Good��
J�� 4.6°C�� 2.5�� 1.0�� Good��
K�� 2.7°C�� 1.8�� 0.8�� Good��
L�� 1.1°C�� 1.8�� 0.4�� Good��
M�� 4.1°C�� 1.4�� 1.0�� Good��
N�� 3.3°C�� 1.7�� 0.7�� Good��
O�� 3.1°C�� 0.8�� 0.5�� Good��

The��analysis��of��thermal��profiles��of��probes��showed��for��all��participants��that��the��average��of��temperature��during��
the��shipment��is��between��0,8��and��2,5°C.��



3.2.2. Enumeration��of��culturable��microorganisms��
Results��are��in��appendix��9.��
For��the��whole��laboratories,��the��enumeration��of��culturable��microorganisms��at��22°C��vary��between��<��1��and��525��
CFU/mL.��Concerning��the��culturable��microorganisms��at��36°C,��the��results��vary��between��<��1��and��70��CFU/mL.��

3.2.3. Expert��and��collaborative��laboratories��results��
The��overall��results��are��presented��in��appendix��10.��The��results��of��the��reference��method��are��presented��for��a��
reading��of��the��Petri��dishes��after��48��h��incubation��at��(36��±��2)°C.��The��results��of��the��alternative��method��are��
presented��for��a��reading��after��(21��±��3)��h��of��incubation��at��(36��±��2)°C.��

For��both��methods,��all��counted��coliforms��were��confirmed��as��E.��coli.��All��results��presented��are��expressed��in��
number��of��Escherichia��coli��per��250��mL��of��water.��

Data��of��laboratories��H,��I��and��L��were��excluded��from��final��analysis��of��results:��
�rlaboratory��H��presented��results��are��very��different��comparing��target��contamination��level��and��between��
repetition��values��for��the��two��methods.��However,��for��each��sample��tested,��the��values��were��concordant��between��
the��alternative��method��and��the��reference��method.��
�rfor��Laboratory��I,��all��results��obtained��with��the��reference��method��are��between��0��and��3��UFC/250��mL��while��the��
results��of��the��alternative��method��seem��correct.��The��lead��researcher��in��this��laboratory��has��been��contacted��by��
the��expert��laboratory��and��it��seems��that��the��person��who��analyzes��have��encountered��problems��in��sample��
handling.��
�rlaboratory��L��reported��that��the��volume��of��water��was��less��than��250��mL��for��two��samples��analyzed��using��the��
alternative��method.��

The��laboratory��M��did��not��return��his��scorecard��at��the��Expert��laboratory��despite��several��reminders.��

The��results��of��twelve��laboratories��are��presented��in��the��following��table��16.��

Table��16��:��E.��coli��enumeration��results��for��250��mL��sample��water��(RM:��reference��method,��AM:��alternative��method,��
R1:��replicate��1��and��R2:��replicate��2)��

Laboratory��

Level��0�� Level��1�� Level��2�� Level��3��

RM�� AM�� RM�� AM�� RM�� AM�� RM�� AM��

R1�� R2�� R1�� R2�� R1�� R2�� R1�� R2�� R1�� R2�� R1�� R2�� R1�� R2�� R1�� R2��

A�� <1�� <1�� <1�� <1�� 14�� 19�� 23�� 13�� 62�� 58�� 52�� 55�� 134�� 127�� 124�� 106��

C�� <1�� <1�� <1�� <1�� 16�� 18�� 18�� 10�� 63�� 65�� 69�� 52�� 141�� 116�� 152�� 131��

D�� <1�� <1�� <1�� <1�� 16�� 13�� 21�� 10�� 53�� 71�� 58�� 44�� 122�� 114�� 126�� 96��

E�� <1�� <1�� <1�� <1�� 26�� 15�� 13�� 13�� 56�� 55�� 59�� 46�� 128�� 126�� 120�� 106��

F�� <1�� <1�� <1�� <1�� 19�� 18�� 21�� 8�� 74�� 64�� 46�� 50�� 147�� 128�� 111�� 126��

H�� <1�� <1�� <1�� <1�� 18�� 20�� 10�� 10�� 73�� 74�� 73�� 74�� 116�� 149�� 134�� 144��

I�� <1�� <1�� <1�� <1�� 16�� 14�� 14�� 15�� 84�� 73�� 56�� 57�� 123�� 127�� 125�� 133��

J�� <1�� <1�� <1�� <1�� 17�� 14�� 11�� 15�� 44�� 49�� 27�� 49�� 117�� 52�� 92�� 54��

K�� <1�� <1�� <1�� <1�� 26�� 13�� 15�� 8�� 62�� 72�� 54�� 64�� 120�� 90�� 108�� 119��

M�� <1�� <1�� <1�� <1�� 17�� 22�� 14�� 9�� 72�� 81�� 66�� 47�� 136�� 157�� 132�� 122��

N�� <1�� <1�� <1�� <1�� 14�� 20�� 16�� 18�� 72�� 84�� 64�� 61�� 152�� 126�� 131�� 100��

O�� <1�� <1�� <1�� <1�� 21�� 16�� 20�� 13�� 52�� 53�� 51�� 54�� 122�� 115�� 113�� 99��

Expert�� <1�� <1�� <1�� <1�� 12�� 15�� 20�� 7�� 66�� 44�� 41�� 42�� 125�� 117�� 135�� 98��



3.3. Interpretation��of��the��results��
The��data��presented��in��the��following��paragraphs��were��calculated��from��the��results��in��CFU/250��mL��an��in��log��
CFU/250��mL��in��the��same��way��than��the��presentation��of��the��results��of��the��preliminary��study.��

3.3.1. Bias��calculation��
Table��17��shows��the��target��value,��the��mean,��standard��deviation��of��fidelity,��the��relative��bias��and��the��bias��of��each��
level��of��contamination.��

Table��17��:��calculation��of��the��bias��of��the��alternative��method����
Values��in�� CFU/250��mL�� log��CFU/250��mL��

Contamination��level�� Low�� Medium�� High�� Low�� Medium�� High��

Target��value�� 17.00�� 64.50�� 126.00�� 1.23�� 1.81�� 2.10��

Mean�� 14.08�� 55.33�� 111.82�� 1.13�� 1.74���� 2.06��

Relative��bias � r0.17� � � r0.14� � � r0.07� � � r8,23%� � � r4,14%� � � r1,93%��

Bias�� 0.83�� 0.86�� 0.93� � � r0.10���� �r0.08� � � r0.04��

The��accuracy��of��the��method��is��estimated��by��the��bias��which��varies��from��0.83��to��0.93��UFC/250��mL��and��from���r
0.10��log��UFC/250��mL��to���r0.04��log��UFC/250��mL.��The��bias��calculated��in��the��comparative��study��varies��from���r1.50��
to���r4.00��UFC��/ ��test��portion��and��from���r0.04��to���r0.01��log��UFC��/ ��test��portion��(E.��coli��or��coliforms).��

3.3.2. Accuracy��profile��
Table��18��shows��the��values��of��tolerance��and��the��tolerance��limits��of��the��alternative��method��for��probability��of��
tolerance��values��of��80%��and��90%.��

Table��18��:��Values��and��tolerance��limits��of��the��alternative��method��
Probability��

of��
tolerance��

Niveaux��
CFU/250��mL�� log��CFU/250��mL��

Bas�� Moyen�� Haut�� Bas�� Moyen�� Haut��

80%��

Low��tolerance��value�� 7.36�� 41.13�� 88.72�� 0.92���� 1.61�� 1.94��

High��tolerance��value�� 20.81�� 69.54�� 144.95�� 1.34���� 1.86�� 2.18��

Low��tolerance��limit�� 43%�� 64%�� 70%� � � r0.31� � � r0.20� � � r0.016��

High��tolerance��limit�� 122%�� 108%�� 115%�� 0.11�� 0.05�� 0.08��

90%��

Low��tolerance��value�� 5.35���� 36.85���� 80.18���� 0.86���� 1.57���� 1.90����

High��tolerance��value�� 22.82���� 73.82���� 153.49���� 1.40���� 1.90���� 2.22����

Low��tolerance��limit�� 31%�� 57%�� 64%� � � r0.37� � � r0.24� � � r0.20��

High��tolerance��limit�� 134%�� 114%�� 122%�� 0.17�� 0.09�� 0.12��

Figure��4��shows��the��accuracy��profiles��in��CFU/250��mL��and��in��log��CFU/250��mL��for��a��tolerance��probability��of��80%��
and��90%.��



Figure��4:��Accuracy��profile��of��the��alternative��method��with��tolerance��probability��at��80��%��and��90%��
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�x Comments
The��accuracy��profile��obtained��from��the��results��of��the��reference��method��and��the��alternative��method��shows��
that��the��bias��of��REBECCA��CF��WATERS��method��for��the��enumeration��of��coliforms��and��Escherichia��coli��in��drinking��
water��is��acceptable.��The��tolerance��limits��of��the��alternative��method��for��a��probability��of��80%��or��90%tolerance��
are��included��within��the��limits��of��acceptability��of��70%��or��0,4��log.��

The��data��obtained��by��the��collaborators��are��presented��under��the��shape��of��two�rdimensional��graphs��in��CFU/250��
mL��and��in��log��CFU/250��mL��in��the��figure��below��for��a��better��appreciation��of��the��data.��

Figure��5:��two�rdimensional��graph��for��the��interlaboratory��study��data��
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4. Conclusion

The��linearity��and��relative��accuracy��of��the��method��REBECCA��CF��WATERS��for��the��enumeration��of��Escherichia��coli��
and��coliforms��in��drinking��water��are��satisfactory.��

The��bias��between��the��two��methods��is��acceptable.��The��limits��of��detection��and��quantification��of��the��method��are��
satisfactory.��

REBECCA��CF��WATERS��method��for��the��enumeration��of��coliforms��and��Escherichia��coli��is��specific��and��selective.��

The��bias��of��the��alternative��method��is��relatively��stable��from��the��low��level��of��contamination��to��the��high��level��of��
contamination.��For��all��levels��of��contamination,��the��tolerance��limits��are��between��the��limits��of��acceptability,��
meaning��that��at��least��80%��of��the��results��will��be��between��the��limits��of��acceptability��as��defined��at��70%��or��0,4��
log.��

Massy,��12th��July,��2016��
Olivier��Mathia��

Research��Engineer��
Unit��Innovation��Biology��
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bioMérieux SA Français - 1 

AES 10/13 – 04/12 
METHODES D’ANALYSE DE L’EAU 

http://nf-validation.afnor.org/en 

Méthode REBECCA™  CF waters  
(Dénombrement des E.coli et coliformes ) 

Pour tous échantillons d’eau de consommation humaine. 
La date de fin de validité de la certification NF VALIDATION est 
précisée sur le certificat. 

REF AEB120031/ AEB520031 520031  C Draft 2 pour BT AFNOR -  fr - 2016/03 

REBECCA™ CF WATERS Pour contrôle microbiologique exclusivement

Milieu chromogénique pour le contrôle des eaux de consommation humaine 

INTRODUCTION ET OBJET DU TEST 

REBECCA™ CF WATERS est un milieu chromogénique 
pour le dénombrement direct sans confirmation dans les 
eaux de consommation humaine à faible Matière en 
Suspension.  

PRINCIPE 

Avec le milieu REBECCA™ CF WATERS le 
dénombrement de E.coli se fait par la détection de la �E–D-
glucuronidase colorant les colonies en bleu avec ou sans 
halo bleu. 
Les Coliformes exprimant leur Bêta-Galactosidase seront 
colorés, par l’utilisation d’un substrat spécifique en rose à 
violet.  
Le mélange d’agents sélectifs inhibe la croissance de la 
flore interférente.  

PRÉSENTATION 

Milieu prêt à l’emploi 

AEB120031 : Coffret de 10 boîtes 55 mm 

REBECFW* 

AEB520031 : Coffret de 120 boîtes 55 mm 

* : Imprimé sur le contenant

COMPOSITION 

Formule théorique. 

Ce milieu peut être ajusté et/ou supplémenté en fonction des critères 
de performances imposés: 

Peptone pancréatique de caséine ...................................... 1,00g 

Extrait de levure ................................................................... 2,00g 

NaCl ..................................................................................... 5,00g 
NaH2PO4 2H2O ............................................................... 2,20g 

Na2HPO4 ...................................................................................................................... 2,70g 

Pyruvate de sodium ........................................................ 1,00g 

Sorbitol ............................................................................ 1,00g 

Tryptophane .................................................................... 1,00g 

Agents sélectifs .................................................................... 0,16g 

Substrat chromogénique ..................................................... 0,40g 

Agar ...................................................................................... 15,00g 

Eau ................................................................................ 1000,00mL 

pH : 6,8 

MATÉRIEL NÉCESSAIRE MAIS NON FOURNI 

�xEtuve bactériologique.
�xRampe de filtration

�xUnité de filtration ou membrane stérile de 45 µ

PRECAUTIONS D’UTILISATION  

�xPour contrôle microbiologique exclusivement.
�xPour usage professionnel uniquement
�xCe coffret contient des composants d'origine animale.

La maîtrise de l'origine et/ou de l'état sanitaire des
animaux ne pouvant garantir de façon absolue que ces
produits ne contiennent aucun agent pathogène
transmissible, il est recommandé de les manipuler avec
les précautions d'usage relatives aux produits
potentiellement infectieux (ne pas ingérer; ne pas
inhaler).

�x Les prélèvements, cultures microbiennes et produits
ensemencés doivent être considérés comme
potentiellement infectieux et doivent être manipulés de
façon appropriée. Les techniques aseptiques et les
précautions usuelles de manipulation pour le groupe
bactérien étudié doivent être respectées tout au long de
la manipulation; se référer à " CLSI® M29-A, Protection
of Laboratory Workers From occupationally Acquired
Infections; Approved Guideline – Révision en vigueur".
Pour informations complémentaires sur les précautions
de manipulation, se référer à "Biosafety in
Microbiological and Biomedical Laboratories – CDC/NIH
- Dernière édition ", ou à la réglementation en vigueur
dans le pays d'utilisation.

�x Les milieux de culture ne doivent pas être utilisés
comme matériau ou composant de fabrication.

�xNe pas utiliser les réactifs après la date de péremption.
�x Ne pas utiliser les réactifs dont l’emballage est

détérioré.
�xNe pas utiliser des boites contaminées ou exsudées.
�x Le milieu doit être utilisé selon le mode opératoire

indiqué dans cette notice. Toute déviation de
méthodologie peut modifier les résultats.

CONDITIONS DE STOCKAGE 

�xLes boîtes se conservent entre 2°C et 8°C dans leur
coffret jusqu’à la date de péremption.

�xConserver à l’abri de la lumière.

ECHANTILLONS  

Suivre les recommandations des normes en vigueur pour 
la réalisation des prélèvements et la préparation des 
échantillons 

MODE OPERATOIRE  

Méthode  alternative certifiée NF VALIDATION  : 
Après filtration de l’échantillon selon les recommandations 
de la norme EN ISO 9308-1 (2000) déposer la membrane 
(quadrillage vers le haut) sur la gélose en veillant à ne pas 
emprisonner de bulle d’air dessous. (1) 

Incuber les boîtes 21 heures �r 3 heures à 36°C �r 2°C. 

RESULTATS 

Retenir les boîtes contenant moins de 150 colonies 
caractéristiques. 
�x E. coli  �E-D-glucuronidase +: colonies bleues
avec ou sans halo 
�x Coliformes autres que des E. coli  �E-D-
glucuronidase+: colonies roses à violettes.  

Rendre le résultat en tenant compte du volume filtré 



REBECCA CF WATERS 520031  C Draft 2 pour BT AFNOR -  fr - 2016/03 

BIOMERIEUX,  le logo bleu et REBECCA sont des marques utilisées, déposées et/ou enregistrées appartenant à bioMérieux, ou à l'une de ses filiales, ou 
à l’une de ses sociétés. CLSI est une marque appartenant à Clinical Laboratory and Standards Institute Inc Les autres marques et noms de produits 
mentionnés appartiennent à leurs propriétaires respectifs. 

 bioMérieux SA  
376 Chemin de l’Orme 
69280 Marcy-l'Etoile - France 

673 620 399 R.C.S LYON 
Tél. 33 (0)4 78 87 20 00 
Fax 33 (0)4 78 87 20 90 
www.biomerieux.com 

LIMITES DU TESTS 
�x Il existe quelques souches d’E.coli  �E-D-
glucuronidase négative, par exemple E.coli O157. 
�x Certaines souches, autres qu’E.coli possèdent
une �E-D-glucuronidase et sont susceptibles de donner 
des colonies bleues. Par exemple : certaines souches de 
Salmonella, shigella …  
�x Du fait du principe utilisé, le milieu REBECCA CF
WATERS met en évidence les bactéries lactose négative 
mais �E - galactosidase positive. 

CONTROLE DE QUALITE 

Le REBECCA™ CF Waters est conçu et développé afin 
de répondre aux exigences de qualité les plus strictes.  
Les résultats des souches testées lors du contrôle 
d’activité bactériologique figurent sur le certificat de 
contrôle de qualité de chaque lot, disponible sur la 
bibliothèque technique de notre site internet institutionnel 
(www.biomerieux.com). 

ELIMINATION DES DECHETS 

Les réactifs non utilisés peuvent être éliminés comme 
déchets non dangereux. Eliminer les réactifs utilisés ainsi 
que les matériels à usage unique contaminés en suivant 
les procédures relatives aux produits infectieux ou 
potentiellement infectieux. 
Il incombe à chaque laboratoire de gérer les déchets et 
les effluents qu'il produit selon leur nature et leur 
dangerosité, et d'en assurer (ou faire assurer) le 
traitement et l'élimination selon les réglementations 
applicables. 

REFERENCES BIBLIOGRAPHIQUES  
1. Norme NF EN ISO 9308-1 (T90-414) - Septembre 2000 /

ISO 9308-1 /AC1 - Juin 2007 – Qualité de l’eau – 
Recherche et dénombrement des Escherichia coli et des 
bactéries coliformes – Partie 1 : Méthode par filtration 
sur membrane. 

1. Qualité de l’eau – Dénombrement des Escherichia coli et
des bactéries coliformes – Partie 1 : Méthode par
filtration sur membrane pour les eaux à faible teneur en
bactéries. – EN ISO 9308-1 (2000)

TABLE DES SYMBOLES 

Symbole Signification

Référence du catalogue 

Fabricant 

Limites de température 

Utiliser jusque 

Code du lot 

Consulter les instructions 
d'utilisation 

Contenu suffisant pour "n" tests 

 XXX/Y 
Certificat de contrôle qualité 
Lot conforme au Protocole de 
Contrôle Qualité en vigueur 

Conserver à l’abri de la lumière  

HISTORIQUE DE REVISION 

UCatégories de type de modification : 
N/A  Non Applicable (première version) 
Correction  Correction d’anomalies présentes dans la documentation 
Modification technique  Ajout, révision et/ou retrait d’informations relatives au produit 
Administratif  Modifications d’ordre non technique perceptibles par l’utilisateur 

Remarque : Les modifications mineures de typographie, de grammaire et de mise en page n’apparaissent pas dans 
l’historique des révisions. 

Date de version Référence du document Type de modification Résumé de la modification 

2016/03 520031C 

Administratif Création de l’historique des révisions 

Modification 
technique 

Présentation, Mode opératoire , 
Références bibliographiques , Table des 
Symboles 



APPENDIX��2��

ALTERNATIVE��METHOD��PROTOCOL��

Water��filtrati on��

Filter��100��mL��(or��250��mL��for��bottled��water)��
of��water��sample��on��a��sterile��membrane��

Place��the��membrane��on��the��center��of��the��Petri��dish��containing��the��REBECCA��CF��WATERS��medium��

Incubation��

Incubate��the��Petri��dish��at��(36±��2)��°C��for��(21±3)��hours��

Reading��

�t�rD�rglucuronidase��positive��E.��coli:��blue��colonies��
Coliforms��other��than��E.��coli:��pink��colonies��
Coliforms:��pink��colonies��+��blue��colonies��



APPENDIX��3��

REFERENCE��METHOD��PROTOCOL��

Filtration��sur��membrane��
Filtrer��100��mL��*d’échantillon��sur��membrane��stérile��

Placer��la��membrane��sur��milieu��TTC�rtergitol��en��boîte��de��Petri��

Incubation��
Incuber��la��boîte��de��Petri��à��(36±��2)��°C��pendant��(21��±��3)��heures��

Et��pendant��(24��±��2)��heures��de��plus��si��les��colonies��ne��sont��pas��caractéristiques��

Lecture��et��Confirmation��
Les��colonies��caractéristiques��sont��les��bactéries��lactose��positives.��

A��partir��de��10��colonies��isolées,��effectuer��les��tests��de��confirmation��:��oxydase��et��production��d’indole��

Expression��des��résultats��
Nombres��de��coliformes��(Oxydase�r)��et��d’Escherichia��coli��(Oxydase��–��et��Indole��+)/��100mL*��

d’échantillon��

* :��250��mL��dans��le��cas��des��eaux��embouteillées



Code Souche Origine Stress appliqué
Intensité 
du stress

CIT.2.4 Citrobacter koseri Effluent secondaire 72h à -80°C 1
ESC.1.114 Escherichia coli Eau de puits 72h à -20°C 2,4
ESC.1.115 Escherichia coli Eau de puits 4h à -80°C + 45 min à 37°C 0 ,5

KLE.1.2 Klebsiella ox ytoca Effluent secondaire Stress chloration 1 ,0
ESC.1.119 Escherichia coli Eau de distribution 4h à -80°C + 45 min à 37°C +20 min à 51 °C 1 ,1
ENTB.3.3 Cronobacter muytjensii CIP 103581 7 min à 56°C 2 ,7

ESC.1.124 Escherichia coli Eau de rivière (Tamise) 3 semaines à -20°C + 5 min à 56 °C 1 ,0
CIT.1.4 Citrobacter freundii Eau de puits 4h à -80°C + 45 min à 37°C 0 ,5

ENTB.1.2 Enterobacter aerogene s CIP 60.86 T 4h à -80°C + 45 min à 37°C +20 min à 51 °C 1 ,0
EWI.1.1 Kluyvera intermedia CIP 79.27 4h à -80°C + 45 min à 37°C +20 min à 51 °C 0 ,9

ESC.1.122 Escherichia coli Eau 4 j  à 4°C + 30 min à 51 °C 0,6
SER.4.1 Serratia rubidaea CIP 104261 72h à -80°C 0 ,8

ESC.1.112 Escherichia coli Effluent secondaire 4 j  à 4°C + 30 min à 51 °C 0,9
RAH.1.2 Rahnella aquatilis Eau (Seine) 4 j  à 4°C + 30 min à 51 °C 0,5
ENTB.2.5 Enterobacter cloacae Eau de rivière (Saint O ger ) 3 semaines à -20°C + 5 min à 56 °C 1,3
KLE.1.3 Klebsiella ox ytoca Eau du robinet zone de plonge 3 semaines à -20°C + 5 min à 56 °C 0 ,7
CIT.1.3 Citrobacter freundii Eau de puits 3 semaines à -20°C + 5 min à 56 °C 0 ,9

ESC.1.123 Escherichia coli Eau Stress chloration 0 ,5
ENTB.2.4 Enterobacter cloacae Eau de rivière (Moselle ) 1h à -80°C + 1h à 37°C +1h à -80°C + 1h à 37°C 0 ,5
LEC.1.2 Leclercia adecarboxylata CIP 82.92 Stress chloration + 20 min à 50°C 0 ,7

ESC 1.111 Escherichia coli Eau de fontaine 1h à -20°C +30 min à 51 °C 1 ,0
CIT.2.2 Citrobacter koseri (C. diversus) CIP 82.87 T 1h à -20°C +30 min à 51 °C 0 ,6
CIT.1.5 Citrobacter freundii Eau de puits 1h à -20°C +30 min à 51 °C 0 ,7

ESC.1.113 Escherichia coli Eau de puits 3 semaines à 4°C 0,8
ESC.1.121 Escherichia coli Eau 3 semaines à 4°C 0,6

Appendix 4 - Stress bactérien
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Relative accuracy - Coliforms
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Relative accuracy - Escherichia coli
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Reference method (log CFU/100 or 250 mL)

Relative accuracy - Escherichia coli
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CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

7 + 7 0 ,845 7 + 7 0 ,845 6 + 6 0 ,778 10 + 10 1 ,000
31 + 31 1 ,491 32 + 32 1 ,505 40 + 40 1 ,602 21 + 21 1 ,322
69 + 69 1 ,839 77 + 77 1 ,886 71 + 71 1 ,851 77 + 77 1 ,886

120 + 120 2 ,079 123 + 123 2 ,090 133 + 133 2 ,124 129 + 129 2 ,111
8 + 8 0 ,903 12 + 12 1 ,079 3 + 3 0 ,477 6 + 6 0 ,778

35 + 35 1 ,544 39 + 39 1 ,591 40 + 40 1 ,602 38 + 38 1 ,580
59 + 59 1 ,771 51 + 51 1 ,708 77 + 77 1 ,886 85 + 85 1 ,929

132 + 132 2 ,121 138 + 138 2 ,140 130 + 130 2 ,114 137 + 137 2 ,137

Strain code Water type

Reference method*

CIT.1.4 Mineral water

CIT.1.4 Fountain water

Appendix 6 - Linéarité - Résultats bruts

Alternative method

Replicate 1 Replicate 2Replicate 1 Replicate 2



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 7 7 7,0 0 ,000 6 10 8,0 2 ,828
2 31 32 31 ,5 0 ,707 40 21 30 ,5 13 ,435
3 69 77 73 ,0 5 ,657 71 77 74 ,0 4 ,243
4 120 123 121 ,5 2 ,121 133 129 131 ,0 2 ,828

Mx = 58 ,250 My  = 60 ,875
q  = 4  MEDx = 52 ,250  MED y  = 52 ,250
n = 2 SDbx = 50 ,200 SDb y  = 54 ,185

N = q n = 8
MEDwx = 1,414 MEDw y  = 3,536

SDwx = 2,151 SDw y  = 5,178
rob. SDwx = 2,097 rob. SDw y  = 5,242

Calculation method Sx = 46 ,533
OLS ;  x=ré f Sy  = 50 ,470

R = 2,408 r = 0,999
rob.R = 2,500 b = 1,083

a = -2 ,234

M(Réf.) Alt. Est. y Déviation
7,0 6,0 5,350 0,650

31,5 40,0 31,894 8,106 Res.SD = 6,504
73,0 71,0 76,855 -5,855

121,5 133,0 129,401 3,599
7,0 10,0 5,350 4,650

31,5 21,0 31,894 -10,894
73,0 77,0 76,855 0,145

121,5 129,0 129,401 -0,401
Sb = 0,053
Sa = 3,842

p(t;b=1) = 0,165
p(t;a=0) = 0,582

 t (b) = 1,579
t (a) = 0,581

Linéarité

F = 2,734 p( F)  = 0,179
rob.F = 2,619 rob. p( F)  = 0,187

Linearity - Coliforms - Mineral water - CFU/250 mL

Reference method* Alternative method
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Reference method (CFU/250 mL)

Linearity - Escherichia coli - Spring water - CFU/250 mL
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Reference method (CFU/250 mL)

Linearity - Coliforms - Mineral water - CFU/250 mL



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 0 ,845 0 ,845 0 ,845 0 ,000 0,778 1 ,000 0 ,889 0 ,157
2 1 ,491 1 ,505 1 ,498 0 ,010 1,602 1 ,322 1 ,462 0 ,198
3 1 ,839 1 ,886 1 ,863 0 ,034 1,851 1 ,886 1 ,869 0 ,025
4 2 ,079 2 ,090 2 ,085 0 ,008 2,124 2 ,111 2 ,117 0 ,009

Mx = 1,573 My  = 1,584
q  = 4  MEDx = 1,680  MED y  = 1,666
n = 2 SDbx = 0,542 SDb y  = 0,536

N = q n = 8
MEDwx = 0,009 MEDw y  = 0,091

SDwx = 0,013 SDw y  = 0,090
rob. SDwx = 0,013 rob. SDw y  = 0,135

Choix méthode Sx = 0,502
OLS ;  x=ré f Sy  = 0,506

R = 7,077 r = 0,998
rob.R = 10 ,488 b = 1,006

a = 0,003

M(Réf.) Alt. Est. y Deviation
1,167 1,279 1,177 0,102
1,462 1,544 1,473 0,071 Res.SD = 0,085
1,848 1,863 1,861 0,002
2,031 1,940 2,046 -0,106
1,167 1,230 1,177 0,054
1,462 1,580 1,473 0,106
1,848 1,813 1,861 -0,048
2,031 2,049 2,046 0,004

Sb = 0,064
Sa = 0,105

p(t;b=1) = 0,932
p(t;a=0) = 0,980

 t (b) = 0,089
t (a) = 0,026

Linéarité

F = 0,683 p( F)  = 0,556
rob.F = 0,809 rob. p( F)  = 0,507

Linearity - Coliforms - Mineral water - log CFU/250 mL

Reference method* Alternative method
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Reference method (log CFU/250 mL)

Linearity - Coliforms - Mineral water - log CFU/250 mL



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 8 12 10 ,0 2 ,8 3 6 4,5 2 ,1
2 35 39 37 ,0 2 ,8 4 0 38 39,0 1 ,4
3 59 51 55 ,0 5 ,7 7 7 85 81,0 5 ,7
4 132 138 135 ,0 4 ,2 130 137 133 ,5 4 ,9

Mx = 59 ,250 My  = 64 ,500
q  = 4  MEDx = 46 ,000  MED y  = 60 ,000
n = 2 SDbx = 53 ,780 SDb y  = 55 ,628

N = q n = 8
MEDwx = 3,536 MEDw y  = 3,536

SDwx = 2,872 SDw y  = 2,806
rob. SDwx = 5,242 rob. SDw y  = 5,242

Calculation method
GMFR

R = 0,977
rob.R = 1,000

Res.SEM = 17 ,496
Res.SD = 24 ,743

Sx = 49 ,885 Est y Deviation
Sy  = 51 ,589 13 ,568 -9 ,068

41 ,490 -2 ,490
60 ,105 20 ,895

r = 0,967 142 ,838 -9 ,338
b = 1,034
a = 3,226

Sb = 0,202 p( t ;b=1 )  = 0,872  t ( b )  = 0,169
Sa = 14 ,848 p( t ;a=0 )  = 0,835 t ( a)  = 0,150

Linearit y

F = 231 ,228 p( F)  = 0,000
rob.F = 64 ,846 rob. p( F)  = 0,001

Linearity - Coliforms - Fountain water - CFU/100 mL

Reference method* Alternative method

0

20

40

60

80

100

120

140

0 50 100 150

A
lte

rn
at

iv
e 

m
et

ho
d 

(C
F

U
/1

00
 m

L)

Reference method (CFU/100 mL)

Linearity - Coliforms - Fountain water - CFU/100 mL



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 0 ,903 1 ,079 0 ,991 0 ,125 0,477 0 ,778 0 ,628 0 ,213
2 1 ,544 1 ,591 1 ,568 0 ,033 1,602 1 ,580 1 ,591 0 ,016
3 1 ,771 1 ,708 1 ,739 0 ,045 1,886 1 ,929 1 ,908 0 ,030
4 2 ,121 2 ,140 2 ,130 0 ,014 2,114 2 ,137 2 ,125 0 ,016

Mx = 1,607 My  = 1,563
q  = 4  MEDx = 1,653  MED y  = 1,749
n = 2 SDbx = 0,473 SDb y  = 0,661

N = q n = 8
MEDwx = 0,039 MEDw y  = 0,023

SDwx = 0,048 SDw y  = 0,076
rob. SDwx = 0,058 rob. SDw y  = 0,034

Calculation method
GMFR

R = 1,577
rob.R = 0,596

Res.SEM = 0,183
Res.SD = 0,258

Sx = 0,441 Est y Deviation
Sy  = 0,617 0,701 -0 ,074

1,508 0 ,083
1,748 0 ,160

r = 0,975 2,295 -0 ,170
b = 1,399
a = -0 ,686

Sb = 0,239 p( t ;b=1 )  = 0,146  t ( b )  = 1,670
Sa = 0,395 p( t ;a=0 )  = 0,133 t ( a)  = 4,270

Linearit y

F = 32 ,271 p( F)  = 0,003
rob.F = 166 ,791 rob. p( F)  = 0,000

Linearity - Coliforms - Fountain water - log CFU/100 mL

Reference method* Alternative method
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Reference method (log CFU/100 mL)

Linearity - Coliforms - Fountain water - log CFU/100 mL



CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

CFU / 
plate

Confir-
mation

Final result 
CFU/100 or  

250 mL

Final result 
log 

CFU/100 or  
250 mL

18 + 18 1 ,255 12 + 12 1 ,079 19 + 19 1 ,279 17 + 17 1 ,230
29 + 29 1 ,462 29 + 29 1 ,462 35 + 35 1 ,544 38 + 38 1 ,580
68 + 68 1 ,833 73 + 73 1 ,863 73 + 73 1 ,863 65 + 65 1 ,813

108 + 108 2 ,033 107 + 107 2 ,029 87 + 87 1 ,940 112 + 112 2 ,049
6 + 6 0 ,778 8 + 8 0 ,903 6 + 6 0 ,778 7 + 7 0 ,845

45 + 45 1 ,653 29 + 29 1 ,462 37 + 37 1 ,568 33 + 33 1 ,519
83 + 83 1 ,919 90 + 90 1 ,954 83 + 83 1 ,919 70 + 70 1 ,845

118 + 118 2 ,072 124 + 124 2 ,093 120 + 120 2 ,079 131 + 131 2 ,117

Strain code Water type

ESC.1.111 Tap water

Reference method*

ESC.1.111 Spring water

Appendix 6 - Linéarité - Résultats bruts

Alternative method

Replicate 1 Replicate 2Replicate 1 Replicate 2



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 1 8 12 15,0 4 ,243 19 17 18 ,0 1 ,414
2 29 29 29 ,0 0 ,000 35 38 36 ,5 2 ,121
3 68 73 70 ,5 3 ,536 73 65 69 ,0 5 ,657
4 108 107 107 ,5 0 ,707 87 112 99 ,5 17 ,678

Mx = 55 ,500 My  = 55 ,750
q  = 4  MEDx = 49 ,750  MED y  = 52 ,750
n = 2 SDbx = 41 ,919 SDb y  = 35 ,987

N = q n = 8
MEDwx = 2,121 MEDw y  = 3,889

SDwx = 1,969 SDw y  = 6,624
rob. SDwx = 3,145 rob. SDw y  = 5,766

Calculation method
GMFR

R = 3,365
rob.R = 1,833

Res.SEM = 3,480
Res.SD = 4,921

Sx = 38 ,866 Est y Deviation
Sy  = 34 ,062 20 ,256 -2 ,256

32 ,526 3 ,974
68 ,896 0 ,104

r = 0,997 101 ,322 -1 ,822
b = 0,876
a = 7,110

Sb = 0,052 p( t ;b=1 )  = 0,054  t ( b )  = 2,391
Sa = 3,355 p( t ;a=0 )  = 0,078 t ( a)  = 1,821

Linearit y

F = -0 ,344 p( F)  = 0,728
rob.F = 0,185 rob. p( F)  = 0,838

Linearity - Escherichia coli - Spring water - CFU/250 mL

Reference method* Alternative method
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Reference method (CFU/250 mL)

Linearity - Escherichia coli - Spring water - CFU/250 mL



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 1 ,255 1 ,079 1 ,167 0 ,125 1,279 1 ,230 1 ,255 0 ,034
2 1 ,462 1 ,462 1 ,462 0 ,000 1,544 1 ,580 1 ,562 0 ,025
3 1 ,833 1 ,863 1 ,848 0 ,022 1,863 1 ,813 1 ,838 0 ,036
4 2 ,033 2 ,029 2 ,031 0 ,003 1,940 2 ,049 1 ,994 0 ,078

Mx = 1,627 My  = 1,662
q  = 4  MEDx = 1,655  MED y  = 1,700
n = 2 SDbx = 0,388 SDb y  = 0,325

N = q n = 8
MEDwx = 0,012 MEDw y  = 0,035

SDwx = 0,045 SDw y  = 0,034
rob. SDwx = 0,018 rob. SDw y  = 0,052

Choix méthode Sx = 0,362
OLS ;  x=ré f Sy  = 0,303

R = 0,754 r = 0,997
rob.R = 2,832 b = 0,835

a = 0,303

M(Réf.) Alt. Est. y Deviation
1,167 1,279 1,278 0,001
1,462 1,544 1,525 0,019 Res.SD = 0,047
1,848 1,863 1,847 0,017
2,031 1,940 2,000 -0,060
1,167 1,230 1,278 -0,048
1,462 1,580 1,525 0,055
1,848 1,813 1,847 -0,034
2,031 2,049 2,000 0,049

Sb = 0,049
Sa = 0,081

p(t;b=1) = 0,015
p(t;a=0) = 0,010

 t (b) = 3,371
t (a) = 3,731

Linéarité

F = 3,800 p( F)  = 0,119
rob.F = 0,462 rob. p( F)  = 0,660

Linearity - Escherichia coli - Spring water - log CFU/250 mL

Reference method* Alternative method
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Reference method (log CFU/250 mL)

Linearity - Escherichia coli - Spring water - log CFU/250 mL



Level Rep.1 Re p.2 M SD Rep.1 Re p.2 M SD
1 6 8 7,0 1 ,4 6 7 6,5 0 ,7
2 45 29 37 ,0 11 ,3 3 7 33 35,0 2 ,8
3 83 90 86 ,5 4 ,9 8 3 70 76,5 9 ,2
4 118 124 121 ,0 4 ,2 120 131 125 ,5 7 ,8

Mx = 62 ,875 My  = 60 ,875
q  = 4  MEDx = 61 ,750  MED y  = 55 ,750
n = 2 SDbx = 50 ,755 SDb y  = 51 ,790

N = q n = 8
MEDwx = 4,596 MEDw y  = 5,303

SDwx = 4,644 SDw y  = 4,380
rob. SDwx = 6,814 rob. SDw y  = 7,863

Calculation method
GMFR

R = 0,943
rob.R = 1,154

Res.SEM = 7,326
Res.SD = 10 ,361

Sx = 47 ,251 Est y Deviation
Sy  = 48 ,177 3,906 2 ,594

34 ,493 0 ,507
84 ,963 -8 ,463

r = 0,993 120 ,138 5 ,362
b = 1,020
a = -3 ,231

Sb = 0,090 p( t ;b=1 )  = 0,834  t ( b )  = 0,219
Sa = 6,716 p( t ;a=0 )  = 0,647 t ( a)  = 0,630

Linearit y

F = 14 ,785 p( F)  = 0,014
rob.F = 3,209 rob. p( F)  = 0,147

Linearity - Escherichia coli - Tap water - CFU/100 mL

Reference method* Alternative method
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Linearity - Escherichia coli - Tap water - CFU/100 mL


