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PREFACE 

This  Standard was prepared by the Standards Australia Committee FT-020,  Water 

Microbiology,  to  supersede AS  4276.21—2005,  Water microbiology,  Method 21 :  

Examination  for coliforms and Escherichia coli—Determination  of most probable number 

(MPN)  using enzyme hydrolysable substrates.  

The obj ective of this  Standard is  to  specify a method for the enumeration of Escherichia 

coli  (E.  coli)  and coliform bacteria in water.  

This  method is  not to  be  used for the enumeration of E.  coli  and coliform bacteria in marine 

water.  

This  Standard is  an adoption with national modifications and has  been reproduced from 

ISO 9308-2:201 2,  Water quality — Enumeration  of Escherichia coli and coliform bacteria,  

Part 2:  Most probable number method.  

Appendix ZZ lists  the variations  to  ISO 9308-2:201 2  for the application of this  Standard in 

Australia.  

Appendix ZA provides  additional information for Australian conditions.  

As  this  Standard is  reproduced from an International Standard,  the following applies:  

(a)  In the source text ‘ this  part of ISO 9308’  should read ‘ this  Australian Standard’ .  

(b)  A full  point substitutes  for a comma when referring to  a decimal marker.  

(c)  Substitute  ‘mL’  for ‘ml’  wherever it appears.  

The terms ‘ normative’  and ‘ informative’  are  used in Standards to  define the application of 

the appendices  or annexes  to  which they apply.  A ‘ normative’  appendix or annex is  an 

integral part of a Standard,  whereas  an ‘ informative’  appendix or annex is  only for 

information and guidance.  
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INTRODUCTION  

 
The presence and  extent of faecal  pol lution  is an  important factor in  assessing the qual ity of a body of water 
and  the risk to human health  from infection.  Examination  of water samples for the presence of Escherichia coli 
(E.  coli) ,  which  normally inhabits the bowel  of man  and  other warm-blooded animals,  provides an  indication  of 
such pol lution.  Examination  for col iform bacteria can  be more difficult to interpret because some col iform 
bacteria l ive in  soi l  and  surface fresh  water and  are not always intestinal.  Therefore,  the presence of col iform 
bacteria,  although not a proof of faecal  contamination,  may indicate a fai lure in  treatment or ingress of water 
into the d istribution  system.  

The International  Organization  for Standardization  (ISO) draws attention  to the fact that it is claimed that 
compliance with  this document may involve the use of patents concerning  Col i lert-1 8 and  Quanti-Tray and  
Quanti-Tray 2000 given  in  this document.  

ISO takes no position  concerning  the evidence,  val idity and  scope of these patent rights.  

The holder of this patent right has assured  the ISO that he/she is wi l l ing  to negotiate l icences either free of 
charge or under reasonable and  non-discriminatory terms and  conditions with  appl icants throughout the world.  
In  this respect,  the statement of the holder of this patent right is registered  with  ISO.  Information  may be 
obtained  from:  

 IDEXX Laboratories,  Inc.  
One IDEXX Drive 
Westbrook,  Maine 04092 USA  

Attention  is drawn to the possibi l i ty that some of the elements of this document may be the subject of patent 
rights other than  those identified  above.  ISO shal l  not be held  responsible for identifying  any or al l  such patent 
rights.  

ISO (http: //www. iso.org/patents) and  IEC (http: //patents. iec.ch) maintain  on-l ine databases of patents relevant 
to their standards.  Users are encouraged to consult the databases for the most up to date information  
concerning  patents.  
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AUSTRALIAN  STANDARD 

Water microbiology 

Method  21 :  Examination  of col i forms and  Escherichia coli—
Determination  of most probable number (MPN) using  enzyme 
hydrolysable  substrates (ISO 9308-2:201 2,  MOD) 

 

 

 

 

WARNING – Persons using this part of ISO 9308 should be familiar with  normal  laboratory practice.  
This International  Standard does not purport to address all  of the safety problems,  if any,  associated 
with  its use.  It is  the responsibility of the user to establish appropriate safety and health  practices and 
to ensure compliance with  any national  regulatory conditions.  

IMPORTANT – It is absolutely essential  that tests conducted in  accordance with  this part of ISO 9308 
be carried out by suitably qualified staff.  

1  Scope 

This part of ISO 9308 specifies a method  for the enumeration  of E.  coli and  col iform bacteria in  water.  The 
method  is based  on  the growth  of target organisms in  a l iquid  medium and  calculation  of the “Most Probable 
Number” (MPN) of organisms by reference to MPN tables.  This method  can  be appl ied  to al l  types of water,  
including  those containing  an  appreciable amount of suspended matter and  high  background  counts of 
heterotrophic bacteria.  However,  i t must not be used for the enumeration  of col iform bacteria in  marine water.  
When using  for the enumeration  of E.  coli in  marine waters,  a 1→1 0 di lution  in  steri le water is typical ly  
required,  although the method  has been  shown to work wel l  with  some marine waters that have a lower than  
normal  concentration  of salts.  In  the absence of data to support the use of the method  without d i lution,  a  
1→1 0 di lution  is used.  

This method  rel ies upon  the detection  of E.  coli based  upon expression  of the enzyme -D-glucuronidase and  
consequently does not detect many of the enterohaemorhagic strains of E.  coli,  which  do not typical ly express 
this enzyme.  Additional ly,  there are a smal l  number of other E.  coli strains that do not express 

-D-glucuronidase.  

The choice of tests used  in  the detection and  confirmation  of the col iform group of bacteria,  including E.  coli,  
can be regarded  as part of a continuous sequence.  The extent of confirmation  with  a particular sample 
depends partly on  the nature of the water and  partly on  the reasons for the examination.  The test described in  
this part of ISO 9308 provides a confirmed result with  no requirement for further confirmation  of positive wel ls.  

NOTE While this method describes the use of an  enumeration  device that is  commercial ly available,  the medium 
described  here can also be used  in  a standard  MPN format.  

2 Normative references 

The fol lowing  documents,  in  whole or in  part,  are normatively referenced  in  this document and  are 
indispensable for i ts appl ication.  For dated  references,  only the edition  cited  appl ies.  For undated  references,  
the latest edition  of the referenced  document (including  any amendments) appl ies.   

ISO 81 99,  Water quality — General guide to the enumeration of micro-organisms by culture 

ISO/IEC Guide 2:2004,  Standardization and related activities — General vocabulary 
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ISO 1 9458,  Water quality — Sampling for microbiological analysis 

3 Terms and definitions 

For the purpose of this document,  the terms and  definitions given  in  ISO/I EC Guide 2  and  the fol lowing apply.  

3.1  
coliform bacterium 

member of the Enterobacteriaceae  that express the enzyme -D-galactosidase 

3.2 
Escherichia coli 

member of the Enterobacteriaceae  that expresses both  -D-galactosidase and  -D-glucuronidase enzymes 

4 Principle 

A snap pack of dehydrated  medium is added  to a sample of water (1 00 ml),  or a d i lution  of a sample made up 
to 1 00 ml.  Sample plus medium is gently shaken to ensure adequate mixing  and  to afford  dissolution  of the 

medium.  The sample plus medium is then  aseptically poured  into a Quanti-Tray1 )  or Quanti-Tray/2000
1 )

 to 
enumerate up to 201  organisms or 2  41 9 organisms per 1 00 ml,  respectively.  Trays are sealed  with  a 
Quanti-Tray

1 )
 

Sealer and  then  incubated  at (36 ± 2) °C for 1 8 h  to 22 h.  

After incubation,  sample wel ls that have a yel low colour of equal  or greater intensity than  that of the 
comparator wel ls are considered  positive for col iform bacteria.  Yel low wel ls that also exhibit any degree of 
fluorescence are considered  positive for E.  coli.  

By means of statistical  tables,  or a simple computer program,  the most probable number (MPN) of col iform 
bacteria and  E.  coli in  1 00 ml  of the sample can  be determined.  

NOTE The yellow colouration  can be seen with  the naked eye and  results from the cleavage of ortho-nitrophenol  

galactoside by the enzyme -D-galactosidase.  The fluorescence is demonstrable under ultraviolet l ight (365 nm) and  

originates from the cleavage of the molecule 4-methylumbell iferyl  glucuronide (MUG) by the enzyme -D-glucuronidase to 
produce the fluorescent compound methyl  umbell iferone.  

5 Apparatus and glassware 

Use microbiological  laboratory equipment and,  in  particular,  the fol lowing:  

5.1  Apparatus for steril ization by steam (autoclave)  

Apparatus and  glassware not suppl ied  steri le shal l  be steri l ized  according to the instructions given  in  
ISO 81 99.  

5.2 Hot air oven ,  for dry heat steri l ization.  

5.3 Incubator,  thermostatical ly control led  at (36 ± 2) °C.  

5.4 Quanti-Tray
1 )
 sealer.  

5.5 Sterile wide mouthed vessels of at least 1 1 0 ml .  

1 ) Quanti-Tray is a trademark or registered  trademark of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the United  States 
and/or other countries.  This information  is given for the convenience of users of this part of ISO 9308 and  does not 
constitute an  endorsement by ISO of this product.  
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5.6 Quanti-Tray2 )  comparator.   

5.7 Ultraviolet lamp,  365 nm.  

5.8 Quanti-Tray
2)
 or Quanti-Tray/2000

2)
,  see Annex B.  

6 Culture media and reagents 

6.1  Basic materials 

The method  uti l ises Col i lert3 )-1 8 a medium based  on  the Defined  Substrate Technology available for a 1 00 ml  
sample as a ready to use powder dispensed  in  snap packs.  Each  snap pack contains sufficient medium 
(2,8 g) for a single test.  Medium is stored  under ambient conditions (2  °C to 25 °C) out of d irect sunl ight and  
should  be used  before the expiry date l isted  on  the snap pack.  

The medium is composed  of two components to give the final  concentrations as shown in  Annex C.  

6.2 Diluent 

For di lutions to be used  with  Col i lert
3)

-1 8,  use only steri le,  non-inhibitory,  oxidant-free water (deionized  or tap).  
The use of buffered,  sal ine or peptone-containing  di luents interferes with  the performance of the test.  

6.3 Antifoam B 

Antifoam B is a 1 0 % active,  water soluble suspension  of si l icone.  

7 Sampling 

Take the samples and  del iver them to the laboratory in  accordance with  ISO 1 9458.  

8 Procedure 

8.1  Preparation  of the sample 

Samples should  be transported  and stored  at (5   3) °C in  accordance with  ISO 1 9458 and  analysis 
commenced on  the day of col lection  or within  1 8 h.  Under exceptional  circumstances,  the samples may be 
kept at (5 ± 3) °C for up to 24 h  prior to examination.  

8.2 Inoculation of media 

Aseptical ly add  a single snap pack of Col i lert4 )-1 8 medium (2,8 g) to each  1 00 ml  volume of sample or di lution.  
When the medium has completely dissolved,  the sample plus medium is aseptical ly poured  into either a 

2) Quanti-Tray is a trademark or registered trademark of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the United  States 
and/or other countries.  This information is given for the convenience of users of this part of ISO 9308 and  does not 
constitute an  endorsement by ISO of this product.  

3) Col i lert is a trademark or registered  trademark of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the United  States and/or 
other countries.  This information is given for the convenience of users of this part of ISO 9308 and  does not constitute an  
endorsement by ISO of this product.  

4) Coli lert and Quanti-Tray are trademarks or registered trademarks of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the 
United  States and/or other countries.  This information is given for the convenience of users of this part of ISO 9308 and  
does not constitute an  endorsement by ISO of this product.  
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Quanti-Tray
4)

 or Quanti-Tray
4)

/2000 and  then  sealed  with  the Quanti-Tray
4)

 

Sealer.  Marine water samples 
should  general ly be di luted  1→1 0 with  steri le water.  In  order to minimize air bubbles within  wel ls,  samples can  
be prepared  in  pre-steri l ized  bottles containing  antifoam B.  Alternatively,  antifoam B can  be added  to each 
bottle using  a dropper bottle.  The use of either form of antifoam is optional.  Alternatively,  the water sample in  
which  the Col i lert

4)
-1 8 has been dissolved  can  be d istributed  into steri le tubes for determination  of the MPN 

using  a more traditional  MPN format (e.g.  1    50 ml  and  5   1 0 ml).  I f a single 1 00 ml  volume is incubated,  
then  the method  can  be used  as a presence/absence test for the detection  of col iform bacteria and  E.  coli.  I f 

either of these latter two approaches are used,  then  the tubes should  be pre-warmed  to (36   2) °C for 20 min  
prior to the start of incubation.  

While it is recommended that marine water samples be di luted  1→1 0 in  steri le deionized  water prior to 
examination,  i t has been noted  that in  some geographical  areas that the salt concentration  of marine water is 
sufficiently low to al low culture without di lution.  I f this procedure is to be used,  then  val idation  data should  be 
available.  The sal inity of marine water varies considerably and  it is the responsibi l ity of the laboratory to 
determine if marine water samples require di lution.  

8.3 Incubation and differentiation 

Incubate the inoculated  Quanti-Trays
4)

 for 1 8 h  to 22 h  at (36   2) °C for col iform bacteria and  E.  coli.  

8.4 Examination of results 

Examine the Quanti-Tray
4)

 or Quanti-Tray
4)

/2000 after incubation for 1 8 h  to 22 h  and  regard  as positive 
reactions for col iform bacteria those wells that have a yel low colouration  equal  to or greater than  the 
colouration  of the Quanti-Tray comparator.  Examine the trays under UV l ight (365 nm) in  a dark room or in  a 
chamber that obscures ambient l ight.  Regard  any yel low wells that also exhibit any degree of fluorescence,  as 
positive for E.  coli.  I f results are equivocal  after 1 8 h  (i .e.  the yel low colouration  is less than  that of the 
comparator),  incubation  should  be extended  up to 22 h.  Positive results for both  col iform bacteria and  E.  coli 
observed  before 1 8 h  of incubation  as wel l  as negative results observed  after 22 h  are also val id.  

9 Expression of results 

From the number of wel ls on  a Quanti-Tray
4)

 that are positive,  the MPN/1 00 ml  for both  col iform bacteria and  
E.  coli can be calculated  by reference to statistical  tables or by using  a computer MPN generator program,  see 
Tables B.1  and  B.2.  

1 0 Test report 

This test report shal l  contain  at least the fol lowing  information:  

a) the test method  used,  together with  a reference to this part of ISO 9308;  

b) al l  information  required  for the complete identification  of the sample;  

c) the results expressed  in  accordance with  Clause 9;  

d) any particular occurrence(s) observed  during  the course of the analysis and  any operation(s) not 
specified  in  this part of ISO 9308 which  may have influenced  the results.  

1 1  Quality assurance 

The laboratory shal l  have a clearly defined  qual ity control  system to ensure that the apparatus,  reagents and  
techniques are suitable for the test.  The use of positive controls,  negative controls and  blanks is part of the 
test.  
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Annex A  
(informative) 

 
Further microbiological  information on coliform bacteria 

In  addition  to expressing  -D-galactosidase,  col iform bacteria are typical ly Gram-negative non-sporeforming,  
oxidase-negative,  rod-shaped bacteria,  which  are capable of aerobic and  facultatively anaerobic growth  in  the 
presence of bi le-salts (or other surface-active agents with  similar growth-inhibiting  properties),  and  which are 
usually able to ferment lactose with  the production  of acid  and  aldehyde within  48 h  when  incubated  at a 

temperature of (36 ± 2) °C.  In  addition  to expressing  -D-glucuronidase,  E.  coli are col iform bacteria that are 

able to produce indole from tryptophan within  (21    3) h  at (44, 0 ± 0,5) °C.  They give a positive result in  the 
methyl  red  test and  can  decarboxylate l -glutamic acid  but are not able to produce acetyl  methyl  carbinol,  
uti l ise citrate as the sole source of carbon  or grow in  KCN broth.  

Some strains of Escherichia coli which  are -D-glucuronidase negative,  such  as Escherichia coli O1 57,  wi l l  not 

be detected  as E.  coli.  As they are -D-galactosidase positive,  they wil l  appear as col iform bacteria.  
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Annex B  
(normative)  

 
The Quanti-Tray5)  Sealer and calculation of results 

B.1  General  

The Quanti-Tray
5)

 Sealer is a thermal  seal ing  unit that forms a seal  between  wells in  the Quanti-Tray.  The 
sealer automatically distributes l iquid  into the wel ls of the Quanti-Tray or Quanti-Tray/2000.  The Quanti-Tray is 
used  when anticipated  counts are below 200 cfu/1 00 ml.  The Quanti-Tray/2000 can  be used  to calculate MPN 
values up to 241 9 cfu/1 00 ml.  When  calculating  MPN,  the tables supplied  with  the trays are the reference for 
al l  counts.  A simple statistical  program can  also be used  to calculate results.  I f required,  the MPN can be 
calculated  manually according  to the procedures given  below.  

B.2 Calculation of the most probable number 

B.2.1  Calculation of MPN for IDEXX Quanti-Tray5  and Quanti-Tray/2000 

B.2.1 .1  Quanti-Tray (51 -well)  

Quanti-Tray MPN was original ly developed  at Yale University;  an  additional,  good  example of this serial  
d i lution  MPN can  be found  at the U.S.  Food  and  Drug Association  in  the Bacteriological Analytical Manual  
(avai lable on  BAM Appendix 2:  Most Probable Number from Serial  Di lutions,  October 201 0).  

Each sample wel l  has an  approximate volume of 1 ,96 ml.  

The overflow wel l  wi l l  hold  a minimum of 8,5 ml.  

For the calculation  of the Quanti-Tray MPN (Table B.1 ),  see Equation  (B.1 ).  

NMPN  =  N ·  ln  [N/(N   X)]  (B.1 ) 

where 

NMPN is the MPN;  

N  is the total  number of wel ls (tubes) used  in  a test;   

X  is the number of positive wel ls (tubes) observed  in  a test.  

B.2.1 .2 Quanti-Tray
5)
/2000 (97-well)  

Quanti-Tray/2000 MPN was original ly derived  as described  by Reference [1 ].  

Small  wel ls have a mean volume of 0,1 86 ml.  

Large wells have a mean volume of approximately 1 , 86 ml  (ten  times larger than  the small  wel ls).  

                                                                  

5  Quanti-Tray is  a trademark or registered  trademark of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the United  States 

and/or other countries.  This information  is given for the convenience of users of this part of ISO 9308 and  does not 
constitute an  endorsement by ISO of this product.  

AS 4276.21 :201 9 6

www.standards.org.au © Standards Australia

Full document details: AS 4276.21-2019

http://www.avadocuments.com/doc/as-4276-21-2019
http://www.avadocuments.com/doc/as-4276-21-2019


Overflow well  wi l l  hold  approximately 1 1  ml.  

For the calculation  of the Quanti-Tray6 )  /2000 MPN (Table B.2),  see Equation  (B.2):  

mpn
1 11 e i i

K K

i i i

i i iV d N

i i

V d P
V d n


 




   (B.2) 

where 

d
i
  is the di lution  factor at level  i  (e.g.  0,1  for 1→1 0 di lution);  

K  is the number of d i lution  levels;  

n
i
  is the number of wel ls at level  i;  

Nmpn is the MPN;  

P
i
  is the number of positive wel ls at level  i;  

V
i
  is the volume of the wel ls at level  i.  

 

The 95 % confidence intervals can  be found  at :   

T0    (ln  Nmpn     1 ,96)   (ln  Nmpn)  

T1    (ln  Nmpn    1 ,96)   (ln  Nmpn) 

where  

T0   is the lower confidence interval;  

T1  is the upper confidence interval;  

    is the standard  error;  and  

 
mpn

2 2 2
2

mpn mpn

1

ln
e 1i i

K

i i i

V d N

i

V d n
N N







  (B.3) 

 

                                                                  

6) Quanti-Tray is a trademark or registered trademark of IDEXX Laboratories,  Inc.  or i ts affi l iates in  the United  States 
and/or other countries.  This information is given for the convenience of users of this part of ISO 9308 and  does not 
constitute an  endorsement by ISO of this product.  
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Table B.1  — 51 -Well  Quanti-Tray MPN 

No.  of wells giving positive reaction Most probable number 
(MPN) 

per 1 00 ml  sample 

95 % Confidence l imits 

  Lower  Upper 

0 <  1 a   0,0 3,7 

1  1  0,3 5,6 

2 2  0,6 7,3 

3 3,1  1 ,1  9 

4 4,2 1 ,7 1 0,7 

5 5,3 2,3 1 2,3 

6 6,4 3 1 3,9 

7 7,5 3,7 1 5,5 

8 8,7 4,5 1 7,1  

9 9,9 5,3 1 8,8 

1 0 1 1 ,1  6,1  20,5 

1 1  1 2,4 7 22,1  

1 2 1 3,7 7,9 23,9 

1 3 1 5 8,8 25,7 

1 4 1 6,4 9,8 27,5 

1 5 1 7,8 1 0,8 29,4 

1 6 1 9,2 1 1 ,9 31 ,3 

1 7 20,7 1 3 33,3 

1 8 22,2 1 4,1  35,2 

1 9 23,8 1 5,3 37,3 

20 25,4 1 6,5 39,4 

21  27,1  1 7,7 41 ,6 

22 28,8 1 9 43,9 

23 30,6 20,4 46,3 

24 32,4 21 ,8 48,7 

25 34,4 23,3 51 ,2 

26 36,4 24,7 53,9 

27 38,4 26,4 56,6 

28 40,6 28 59,5 

29 42,9 29,7 62,5 

30 45,3 31 ,5 65,6 

31  47,8 33,4 69 

32 50,4 35,4 72,5 

33 53,1  37,5 76,2 

34 56 39,7 80,1  
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Table B.1  (continued) 

No.  of wells giving positive reaction Most probable number 
(MPN) 

per 1 00 ml  sample 

95 % Confidence l imits 

  Lower  Upper 

35 59,1  42 84,4 

36 62,4 44,6 88,8 

37 65,9 47,2 93,7 

38 69,7 50 99 

39 73,8 53,1  1 04,8 

40 78,2 56,4 1 1 1 ,2 

41  83,1  59,9 1 1 8,3 

42 88,5 63,9 1 26,2 

43 94,5 68,2 1 35,4 

44 1 01 ,3 73,1  1 46 

45 1 09,1  78,6 1 58,7 

46 1 1 8,4 85 1 74,5 

47 1 29,8 92,7 1 95 

48 1 44,5 1 02,3 224,1  

49 1 65,2 1 1 5,2 272,2 

50 200,5 1 35,8 387,6 

51  >  200,5 1 46,1  infinite 

a  A value of <  1  means that there were no target bacteria detected in  the test.  For undiluted  samples this can  

be reported  as zero.  However,  if d i lutions of the sample have been made,  then the appropriate multipl ication  

factor must be used.  For example,  i f a 1→1 0 di lution  has been made and  no bacteria are detected then the 

result should  be reported as <  1 0.  

 

Table B.2 — 97-Well  Quanti  Tray (Quanti-Tray/2000) MPN with  95 % confidence l imits 

Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence  Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence 

   Lower 

l imit 

Upper 

l imit 

    Lower 

l imit 

Upper 

l imit 

0 0 <1 a   0,0 3,7  25 0 33,6 22,0 48,9 

0 1  1 ,0 0,0 3,7  25 1  35,0 22,9 51 ,2 

0 2  2,0 0,3 5,6  25 2 36,4 23,8 52,6 

0 3 3,0 0,6 7,3  25 3 37,9 25,5 54,0 

0 4 4,0 1 ,1  8,9  25 4 39,3 26,5 55,9 

0 5 5,0 1 ,7 1 0,5  25 5 40,8 28,3 57,3 

0 6 6,0 2,3 1 2,1   25 6 42,2 29,3 59,0 

0 7 7,0 2,9 1 3,7  25 7 43,7 30,3 60,7 

0 8 8,0 3,7 1 5,3  25 8 45,2 31 ,3 62,5 

0 9 9,0 4,5 1 5,8  25 9 46,7 33,3 64,2 

0 1 0 1 0,0 5,2 1 6,9  25 1 0 48,2 34,4 66,0 

AS 4276.21 :201 9 9

www.standards.org.au © Standards Australia

Full document details: AS 4276.21-2019

http://www.avadocuments.com/doc/as-4276-21-2019
http://www.avadocuments.com/doc/as-4276-21-2019


Table B.2  (continued) 

Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence  Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence 

   Lower 

l imit 

Upper 

l imit 

    Lower 

l imit 

Upper 

l imit 

0 1 1  1 1 ,0 5,9 1 8,5  25 1 1  49,7 35,4 67,3 

0 1 2 1 2,0 6,9 20,1   25 1 2 51 ,2 36,5 69,0 

0 1 3 1 3,0 7,8 21 ,2  25 1 3 52,7 37,6 70,7 

0 1 4 1 4,1  8,6 21 ,9  25 1 4 54,3 39,7 72,4 

0 1 5 1 5,1  9,0 23,4  25 1 5 55,8 40,9 74,0 

0 1 6 1 6,1  9,6 24,9  25 1 6 57,3 42,0 75,9 

0 1 7 1 7,1  1 0,5 25,7  25 1 7 58,9 43,1  77,6 

0 1 8 1 8,1  1 1 ,5 26,9  25 1 8 60,5 45,5 79,5 

0 1 9 1 9,1  1 2,5 28,6  25 1 9 62,0 46,7 81 ,2 

0 20 20,2 1 3,2 29,3  25 20 63,6 47,8 83,0 

0 21  21 ,2 1 3,9 30,5  25 21  65,2 49,0 84,6 

0 22 22,2 1 4,5 31 ,8  25 22 66,8 50,2 86,2 

0 23 23,3 1 5,7 33,1   25 23 68,4 51 ,5 87,4 

0 24 24,3 1 6,4 34,2  25 24 70,0 54,0 89,5 

0 25 25,3 1 7,6 35,2  25 25 71 ,7 55,3 91 ,6 

0 26 26,4 1 8,3 36,5  25 26 73,3 56,6 93,9 

0 27 27,4 1 9,5 37,7  25 27 75,0 57,8 94,6 

0 28 28,4 1 9,7 38,6  25 28 76,6 59,1  96,1  

0 29 29,5 21 ,0 39,9  25 29 78,3 60,4 98,6 

0 30 30,5 21 ,7 41 ,2  25 30 80,0 61 ,7 1 01 ,0 

0 31  31 ,5 22,5 42,3  25 31  81 ,7 64,6 1 01 ,6 

0 32 32,6 23,9 43,4  25 32 83,3 65,9 1 03,6 

0 33 33,6 24,6 44,4  25 33 85,1  67,3 1 06,2 

0 34 34,7 25,4 45,7  25 34 86,8 68,6 1 07,3 

0 35 35,7 26,2 46,8  25 35 88,5 70,0 1 09,1  

0 36 36,8 27,7 48,0  25 36 90,2 71 ,4 1 1 1 ,4 

0 37 37,8 28,5 49,0  25 37 92,0 72,8 1 1 2,8 

0 38 38,9 29,2 50,3  25 38 93,7 74,2 1 1 4,9 

0 39 40,0 30,0 51 ,2  25 39 95,5 77,4 1 1 6,4 

0 40 41 ,0 30,8 52,8  25 40 97,3 78,9 1 1 8,3 

0 41  42,1  31 ,6 53,7  25 41  99,1  80,3 1 20,4 

0 42 43,1  33,3 54,7  25 42 1 00,9 81 ,8 1 21 ,9 

0 43 44,2 34,1  56,1   25 43 1 02,7 83,2 1 24,2 

0 44 45,3 34,9 57,1   25 44 1 04,5 84,7 1 26,0 

0 45 46,3 35,7 58,1   25 45 1 06,3 86,2 1 28,0 

0 46 47,4 37,5 59,5  25 46 1 08,2 89,8 1 30,2 

0 47 48,5 38,3 60,7  25 47 1 1 0,0 91 ,3 1 32,1  

0 48 49,5 39,2 61 ,6  25 48 1 1 1 ,9 92,9 1 33,7 
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Table B.2  (continued)  

Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence  Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence 

   Lower 

l imit 

Upper 

l imit 

    Lower 

l imit 

Upper 

l imit 

1  0 1 ,0 0,1  5,5  26 0 35,5 23,2 52,0 

1  1  2,0 0,3 5,9  26 1  36,9 24,9 53,7 

1  2  3,0 0,6 7,3  26 2 38,4 25,9 55,4 

1  3 4,0 1 ,1  8,9  26 3 39,9 26,9 56,5 

1  4 5,0 1 ,7 1 0,5  26 4 41 ,4 27,9 58,6 

1  5 6,0 2,3 1 2,1   26 5 42,8 29,7 60,1  

1  6 7,1  3,0 1 3,7  26 6 44,3 30,7 61 ,8 

1  7 8,1  3,7 1 5,3  26 7 45,9 31 ,8 63,5 

1  8 9,1  4,3 1 6,2  26 8 47,4 32,8 65,4 

1  9 1 0,1  5,2 1 7,2  26 9 48,9 34,9 66,6 

1  1 0 1 1 ,1  6,0 1 8,5  26 1 0 50,4 36,0 68,5 

1  1 1  1 2,1  6,8 20,1   26 1 1  52,0 37,1  70,4 

1  1 2 1 3,2 7,6 21 ,7  26 1 2 53,5 38,2 72,2 

1  1 3 1 4,2 8,7 22,2  26 1 3 55,1  40,4 73,7 

1  1 4 1 5,2 9,4 23,6  26 1 4 56,7 41 ,5 75,7 

1  1 5 1 6,2 9,7 25,1   26 1 5 58,2 42,7 77,6 

1  1 6 1 7,3 1 0,6 26,4  26 1 6 59,8 43,8 79,2 

1  1 7 1 8,3 1 1 ,6 27,0  26 1 7 61 ,4 45,0 80,8 

1  1 8 1 9,3 1 2,6 28,6  26 1 8 63,0 46,2 82,7 

1  1 9 20,4 1 3,3 30,0  26 1 9 64,7 48,6 84,2 

1  20 21 ,4 1 4,0 30,7  26 20 66,3 49,8 85,4 

1  21  22,4 1 4,7 32,3  26 21  67,9 51 ,1  87,3 

1  22 23,5 1 5,8 33,1   26 22 69,6 52,3 89,5 

1  23 24,5 1 7,0 34,5  26 23 71 ,2 55,0 91 ,6 

1  24 25,6 1 7,2 35,7  26 24 72,9 54,8 93,9 

1  25 26,6 1 8,4 37,1   26 25 74,6 57,5 94,6 

1  26 27,7 1 9,2 38,1   26 26 76,3 58,8 96,2 

1  27 28,7 20,5 39,2  26 27 78,0 60,1  98,6 

1  28 29,8 21 ,2 40,6  26 28 79,7 61 ,5 1 01 ,0 

1  29 30,8 22,0 41 ,6  26 29 81 ,4 62,8 1 02,2 

1  30 31 ,9 22,7 42,7  26 30 83,1  64,1  1 03,6 

1  31  32,9 23,5 44,0  26 31  84,9 67,1  1 06,2 

1  32 34,0 24,9 44,9  26 32 86,6 68,5 1 08,0 

1  33 35,0 25,7 46,4  26 33 88,4 69,9 1 09,4 

1  34 36,1  26,4 47,2  26 34 90,1  71 ,3 1 1 1 ,8 

1  35 37,2 27,9 48,8  26 35 91 ,9 72,7 1 1 3,5 

1  36 38,2 28,7 49,6  26 36 93,7 74,1  1 1 5,1  

1  37 39,3 29,5 51 ,0  26 37 95,5 75,6 1 1 7,5 
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Table B.2  (continued) 

Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence  Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence 

   Lower 

l imit 

Upper 

l imit 

    Lower 

l imit 

Upper 

l imit 

1  38 40,4 30,4 52,0  26 38 97,3 78,9 1 1 9,2 

1  39 41 ,4 31 ,2 53,1   26 39 99,2 80,4 1 21 ,2  

1  40 42,5 32,8 54,5  26 40 1 01 ,0 81 ,9 1 23,1  

1  41  43,6 33,6 55,4  26 41  1 02,9 83,4 1 25,0 

1  42 44,7 34,5 56,6  26 42 1 04,7 84,9 1 27,1  

1  43 45,7 35,3 58,0  26 43 1 06,6 86,4 1 28,9 

1  44 46,8 36,1  58,9  26 44 1 08,5 90,1  1 30,6 

1  45 47,9 37,0 60,1   26 45 1 1 0,4 89,5 1 32,4 

1  46 49,0 38,7 61 ,3  26 46 1 1 2,3 93,2 1 35,0 

1  47 50,1  39,6 62,5  26 47 1 1 4,2 94,8 1 37,0 

1  48 51 ,2 40,5 63,6  26 48 1 1 6,2 96,4 1 38,7 

2 0 2,0 0,3 7,1   27 0 37,4 24,5 54,5 

2 1  3,0 0,7 7,4  27 1  38,9 26,2 55,9 

2 2 4,1  1 ,2 9,0  27 2 40,4 27,3 57,4 

2 3 5,1  1 ,6 1 0,6  27 3 42,0 28,3 59,7 

2 4 6,1  2,3 1 2,1   27 4 43,5 29,3 60,8 

2 5 7,1  3,0 1 3,7  27 5 45,0 31 ,2 63,0 

2 6 8,1  3,7 1 5,3  27 6 46,5 32,3 64,7 

2 7 9,2 4,4 1 6,9  27 7 48,1  33,3 66,1  

2 8 1 0,2 5,3 1 7,8  27 8 49,6 35,4 67,8 

2 9 1 1 ,2 6,0 1 8,6  27 9 51 ,2 36,5 69,7 

2 1 0 1 2,2 6,8 20,1   27 1 0 52,8 37,6 71 ,7 

2 1 1  1 3,3 7,7 21 ,7  27 1 1  54,4 38,8 73,4 

2 1 2 1 4,3 8,5 22,9  27 1 2 56,0 41 ,0 75,0 

2 1 3 1 5,4 9,4 24,0  27 1 3 57,6 42,2 77,2 

2 1 4 1 6,4 9,8 25,1   27 1 4 59,2 43,3 78,6 

2 1 5 1 7,4 1 0,4 26,8  27 1 5 60,8 44,5 80,6 

2 1 6 1 8,5 1 1 ,4 27,5  27 1 6 62,4 45,7 82,3 

2 1 7 1 9,5 1 2,4 28,8  27 1 7 64,1  46,9 83,7 

2 1 8 20,6 1 3,5 30,4  27 1 8 65,7 49,4 85,3 

2 1 9 21 ,6 1 4,1  31 ,2  27 1 9 67,4 50,7 87,3 

2 20 22,7 1 4,8 32,6  27 20 69,1  51 ,9 89,5 

2 21  23,7 1 6,0 33,8  27 21  70,8 53,2 91 ,6 

2 22 24,8 1 7,2 35,0  27 22 72,5 55,9 93,9 

2 23 25,8 1 7,9 36,1   27 23 74,2 55,8 94,6 

2 24 26,9 1 8,1  37,1   27 24 75,9 58,5 96,2 

2 25 27,9 1 9,4 38,5  27 25 77,6 59,9 98,6 

2 26 29,0 20,7 39,7  27 26 79,4 61 ,2 1 01 ,0 
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Table B.2  (continued)  

Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence  Positive 

large wells 

Positive 

small  wells 

MPN 95% Confidence 

   Lower 

l imit 

Upper 

l imit 

    Lower 

l imit 

Upper 

l imit 

2  27 30,0 21 ,4 40,6  27 27 81 ,1  62,6 1 02,5 

2 28 31 ,1  22,2 42,0  27 28 82,9 63,9 1 03,8 

2 29 32,2 23,6 43,4  27 29 84,6 65,3 1 06,2 

2 30 33,2 24,4 44,4  27 30 86,4 68,4 1 08,3 

2 31  34,3 25,1  45,7  27 31  88,2 69,8 1 09,6 

2 32 35,4 25,9 46,6  27 32 90,0 71 ,2 1 1 1 ,8 

2 33 36,5 26,7 48,0  27 33 91 ,9 72,7 1 1 3,8 

2 34 37,5 28,2 48,9  27 34 93,7 74,1  1 1 5,4 

2 35 38,6 29,0 50,3  27 35 95,5 75,6 1 1 8,0 

2 36 39,7 29,9 51 ,2  27 36 97,4 77,1  1 1 9,8 

2 37 40,8 30,7 52,8  27 37 99,3 80,5 1 21 ,8 

2 38 41 ,9 31 ,5 53,7  27 38 1 01 ,2  82,0 1 23,7 

2 39 43,0 32,3 54,9  27 39 1 03,1  83,5 1 25,9 

2 40 44,0 34,0 56,2  27 40 1 05,0 85,1  1 27,6 

2 41  45,1  34,8 57,1   27 41  1 06,9 86,6 1 29,4 

2 42 46,2 35,7 58,6  27 42 1 08,8 88,2 1 32,0 

2 43 47,3 36,5 59,7  27 43 1 1 0,8 89,8 1 33,7 

2 44 48,4 37,4 60,8  27 44 1 1 2,7 91 ,4 1 35,3 

2 45 49,5 38,2 61 ,8  27 45 1 1 4,7 95,2 1 37,8 

2 46 50,6 40,0 63,0  27 46 1 1 6,7 94,6 1 40,1  

2  47 51 ,7 40,9 64,2  27 47 1 1 8,7 98,5 1 42,1  

2  48 52,8 41 ,8 65,4  27 48 1 20,7 1 00,2 1 44,2 

3 0 3,1  0,7 8,9  28 0 39,5 25,9 57,0 

3 1  4,1  1 ,2 9,1   28 1  41 ,0 27,7 58,8 

3 2  5,1  1 ,7 1 0,6  28 2 42,6 28,7 60,7 

3 3 6,2 2,3 1 2,1   28 3 44,1  30,6 62,5 

3 4 7,2 3,0 1 3,7  28 4 45,7 30,8 63,8 

3 5 8,2 3,6 1 5,3  28 5 47,3 32,8 65,9 

3 6 9,2 4,4 1 6,9  28 6 48,8 33,9 67,5 

3 7 1 0,3 5,1  1 8,3  28 7 50,4 35,0 69,1  

3 8 1 1 ,3 6,1  1 8,8  28 8 52,0 37,1  71 ,0 

3 9 1 2,4 6,9 20,2  28 9 53,6 38,2 73,0 

3 1 0 1 3,4 7,7 21 ,8  28 1 0 55,2 39,4 74,4 

3 1 1  1 4,5 8,6 23,4  28 1 1  56,9 41 ,7 76,4 

3 1 2 1 5,5 9,5 24,1   28 1 2 58,5 41 ,7 77,9 

3 1 3 1 6,5 1 0,2 25,3  28 1 3 60,2 44,1  80,0 

3 1 4 1 7,6 1 0,5 26,9  28 1 4 61 ,8 45,3 81 ,5 

3 1 5 1 8,6 1 1 ,5 28,2  28 1 5 63,5 46,5 83,4 
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