
   
  

   
 

      

 

Appendix C - Instructions for using the Enterotester 

Instruction for using the 
Enterotester template 

Developed by Dr Richard Lugg 2006 
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Appendix C - Instructions for using the Enterotester 

Introduction 
The Enterotester Template has been designed to calculate 95th 
percentiles that characterises the risk of gastroenteritis in adults 
undertaking whole of body contact recreation in the water body being 
assessed, when calculated according to the equation of Wyer et al. 

(1999). 

These 95th percentiles are used to determine Microbiological 
Assessment Categories (MAC) for recreational water bodies which 
correspond to the MACs used in the WHO Guidelines for safe 

recreational water environments (2003), the New Zealand 
Microbiological Water Quality Guidelines for Marine and Freshwater 

Recreational Areas (2003) [marine waters only], and the NHMRC 
Guidelines for Managing Risks in Recreational Waters (2008). They thus 
should have wide application in many jurisdictions. 

The Enterotester Template calculates the MAC by applying the 
parametric approach and standardises the 95th percentile results to 
reflect as closely as possible the infection risks shown in Table 5.7 of the 
NHMRC Guidelines. This approach is further discussed on page 72 of the 
Guidelines. 

Also produced are suggested trigger levels that may be used to initiate 
resampling, special investigations, or management action, as 
determined by the appropriate managing authority. 

Instructions and comments are included in the template to assist the 
user. Pop up text boxes provide prompts which guide the user through 
the MAC calculations. Further explanation of text within the cells is also 
provided within the template. 

Getting started 
To get started double click on the Excel™ workbook titled "Enterotester" 
provided on the attached CD. 

Once the application has loaded, you will be prompted whether or not to 
allow the macro code to be activated. 

Click Enable Macros as this will enable some of the advanced features 
of the online forms. 
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Appendix C - Instructions for using the Enterotester 

Trouble Shooting 
If you didn’t see the dialogue box or were not prompted elsewhere whether or not 
to enable the macros, you may have opened the document with macro capability 
disabled. Contact your I.T. Support Team for assistance, or follow these steps to 
enable this function: 

For Microsoft Office versions 2000 and above: 

Click Tools, 
Macro, Security in 
the menu bar as 
shown on the left. 
The Security 
window will then 
be displayed as 
shown on the right. 

Select Medium 
Security to enable 
the form macros 
for this application. 
You may need to 
repeat the 
procedure for other 
applications.
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Appendix C - Instructions for using the Enterotester 

Terms of Use 
The Terms of Use Agreement is outlined on the Terms of Use 
worksheet. These should be read and agreed to prior to using the 
Enterotester Template. A text box will ask if the Terms of Use are 
accepted. The user must click on Yes to continue. 

Using the Enterotester 
NOTE: 

1.	 A minimum of 8 observations and maximum of 287 observations are 
required for the Enterotester to work. 

2.	 A maximum of 5 years worth of enterococci values should be entered into 
the template in accordance with the NHMRC Guidelines. Only include 
enterococci results recorded during the recognised bathing season (e.g. 
season when majority of the public are swimming). 

3.	 A red triangle is located in the top right hand corner of a number of the 
cells in the template. Place the cursor over the red triangle for an 
explanation of the text in the cell. 

4.	 Additional definitions for all terms sited in the template are provided at the 
end of these instructions. 

Page C-4 



        

   
  

      

              

            

   

 

 

 
 

           

             

       

           

           

           

       

 

 

Appendix C - Instructions for using the Enterotester 

Step 1 – Inserting the data 

Enter or paste data to be assessed in yellow cells starting at row 24 
column A and B the under the heading Dates of observation and 
Concentration of organisms. 

NOTE: 

1.	 Do not include results collected during the winter season. 

2.	 Enterococci data that are shown as a less than value (e.g. <10) 
should be entered with a "<" sign. 

3.	 Complete column A, cell A21 "Lowest enumerated value" if there 
are observations reported as less than a value other than 10 
(e.g. <5 cfu/100mL). This value can be obtained from the NATA 
accredited analytical laboratory responsible for analysing the 
samples. 
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Appendix C - Instructions for using the Enterotester 

Step 2 – Fixing the data 

Press the Fix data button (column A row 23). This button will fix the 
data into the template and the missing values will automatically 
calculate and appear on the template 

Step 3 – Standardising the 95th percentile 

Once the data has been fixed a text box will appear to guide the user 
through the next steps to assign the 95th percentile. 
It is recommended to standardise the 95th percentile. Ensure this is 
selected before clicking OK. 

The data will then be automatically analysed to determine whether the 
lognormal assumption is sound. 

1. If the lognormal assumption is sound its use is recommended. 
A text box will prompt the user to make this selection. Ensure this is 
selected before clicking OK. 
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Appendix C - Instructions for using the Enterotester 

2. If the lognormal assumption is unsound the use of the empirical 
distribution is recommended when assigning the 95th percentile. 

A text box will prompt the user to make this selection. Ensure this is 
selected before clicking OK. 

3. If there is a problem analysing the data, click Undo and then 
Reassign. 

Step 4 – Export data 

The final values calculated using the template (e.g. microbial 
assessment category values) can be exported into a second spreadsheet 
in table format for the purpose of report writing. 
Once the MAC has been calculated a text box will ask if you want to 
export the data. 
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Appendix C - Instructions for using the Enterotester 

If you click OK, a second pop up box will appear which enables you to 
specify the row number in which you want your data to appear. 

The data from the first analysis will be exported onto the third row of 
the Results worksheet unless otherwise specified. If you have a number 
of sampling sites you can export the final values onto the same 
spreadsheet on different rows. 

The following values/fields will be exported into the results spreadsheet: 
•	 Number of Observations 

•	 Percent of observations below lowest enumerated value 

•	 Percent of observations less than 33 cfu/100mL 

•	 Percent of observations above 157 cfu/100mL 

•	 Assigned or Standardised 95th Percentile 

•	 Microbial Assessment Category 

•	 Website traffic light colour 

•	 Suggested Water Quality two-in-a-row Trigger Level 

•	 Suggested Water Quality one-off Trigger Level 

Site	 Code, Site Name and Seasons Covered need to be entered 
manually. 
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Appendix C - Instructions for using the Enterotester 

Step 5 – Trigger adjustment 

NOTE: 
Step 5 is only necessary where the trigger levels in column I row 17 
Suggested Water quality one-off Trigger Level and column I row 34 
Suggested Water Quality Two in- a-row Trigger Level are too high 
(e.g. >500 enterococci/100mL) and are considered unsuitable as trigger 
levels. If the trigger values are suitable Step 5 is not required. The 
values in the template can be accepted. Refer to Step 6. 
There will be occasions where the values in column I row 17 Suggested 
Water quality one-off Trigger Level and column I row 34 Suggested 
Water Quality Two-in-a-row Trigger Level will not be suitable as 
trigger levels. These values may be considered to be too high (e.g. 
>500 enterococci/100mL). 

In this instance you can recalculate the 
trigger levels by pressing the Trigger Adj 
button on column C row 23. 

This button will adjust the trigger levels by taking out the worst or 
highest values that may be causing the unsuitable trigger levels. A new 
trigger level will then be calculated. 

A text box may appear which states: 

If this text box appears do not use the new triggers and revert back to 
the previous trigger levels. 

Warning: This action is not reversible, so export your results (Step 5) before 
running or repeating this procedure. You will be alerted if the value in cell D19 
should not be accepted. This spreadsheet cannot be reused with new data after 
the Trigger Adj button has been clicked. The spreadsheet must be closed 
without saving and then reopened to continue analysing data. 

Step 6 – Reusing template 

To insert new data into the template simply highlight the enterococci 
results (column A row 24) and dates of observations (column B row 24) 
and press delete. New data can then be inserted into the template, and 
step 1 can be repeated. 
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Appendix C - Instructions for using the Enterotester 

Term Definition 

Assigned 95th percentile or 
Standardised 95th percentile 

The assigned 95th percentile is the 95th percentile of the lognormal 
distribution defined by the assigned geometric mean and a log standard 
deviation of 0.81, the same as the reference distribution used in the 
WHO and NHMRC guidelines. The 95th percentile is the value below 
which 95 percent of the cumulative distribution lies. The assigned 95th 
percentile should not be taken as describing or characterising the 
sample set or its underlying distribution, unless the probability of a 
lognormal distribution shown in cell D19 is higher than 0.05. A 
standardised 95th percentile is the 95th percentile of a lognormal 
distribution of enterococci with the same calculated infection risk as that 
of the observed distribution (i.e. the risk of infection characterised in cell 
H27), but having a log standard deviation of 0.81. The value for both 
the assigned and standardised 95th percentile is suitably rounded to 
avoid false impressions of accuracy. 

Assigned geometric mean The assigned geometric mean is the geometric mean of the reference 
distribution (or whatever is in cell D7) multiplied by the test statistic. 
Geometric means are averages on a logarithmic scale. They reduce 
the effects of high values, and are widely used for assessing changes 
in recreational water quality over time by health and environment 
agencies across the world. The assigned geometric mean should not 
be taken as describing or characterising the sample set or its 
underlying distribution, unless the probability of a lognormal distribution 
shown in cell D19 is higher than 0.05. 

Concentration of organisms 

(cfu/100mL) 

The enterococci value recorded by the laboratory. 

Data that are shown as less than a value (e.g. <10) should be entered 
with a "<" sign. The template does not accommodate data that are 
shown as greater than a value (e.g. >10,000). It is recommended that 
that data shown as ">" a value be stripped of their ">" sign and entered 
at the highest enumerated value. 

Cumulative Probability The probability corresponding to the proportion of a normal distribution 
of infinitely large size lying in value below a ranked observation from a 
sample of the same size as the data set, drawn by chance from that 
normal distribution, and having the rank given by the corresponding 
entry in column C. It is calculated by the Blom approximation to normal 
order statistics. 

Date of Observation The day/month/year the sample was collected. 

Descending Rank (from 

highest) 

Ranks the observations in descending order from highest to lowest 
observation. 

Empirical distribution The actual distribution of the observations 

Expected Values The expected values are the ordered set of most likely values if a 
sample of the same size as the data set were drawn by chance from 
the reference distribution. The values are based on the corresponding 
cumulative probabilities in column E. 

Is MAC as good as or better 
than in H19 

Based on the percent of observations less than 33 cfu/100mL 

Log Standard deviation The square root of the average of the squares of the deviations of the 
logarithms of the observations in a set of data from the mean of those 
logarithms. It is a statistical measure of the spread or variability of the 
log-transformed data. 

Logarithmic Standard 

Deviation of observations 

The standard deviation of a set of log-transformed data. 
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Appendix C - Instructions for using the Enterotester 

Term Definition 

Lowest enumerated value 

(cfu/100mL) 

The lowest enumerated value is the lowest detectable limit of 
enterococci reported by the laboratory. This spreadsheet uses the 
default value of <10cfu/100mL as the lowest enumerated value. If there 
are observations reported as less than a value other than 10 (e.g. <5), 
that other value may be entered in box A21 

Microbial Water Quality 

Assessment Category (MAC) 

Microbial Assessment Categories are expressed in terms of the 95th 
percentile of numbers of enterococci per 100ml. Each MAC category 
(A, B, C or D) represents a different level of the risk of gastroenteritis in 
adults undertaking primary contact recreation, when calculated 
according to the equation of Wyer et al. (1999).Ref: Wyer, MD, Kay, D, 
Fleisher, JM, Salmon, RL, Jones, F, Godfree, AF, Jackson, G and 
Rogers, A (1999) An experimental health-related classification for 
marine waters. Water Research, 33: 715-722. 

The values are taken from Table 5.7 of the NHMRC Guidelines. 

No of Std Errors away from The standard error is The Standard Error (SE) of the Reference 

Ref Std Deviation Distribution's Standard Deviation (SD) is given by: 

SD/(2N)½ 

This SE will be ~ normally distributed where N>25. 

N.B. A value shown in pink should be disregarded. 

Number of chosen samples If the number of observations is even, half that number, otherwise the 
nearest integer above half; but if the number of enumerated 
observations is less than this, then the number of enumerated 
observations. 

Number of observations N 

(from 5 to 287) 

The number of samples collected at a particular sampling location over 
a period not exceeding five years. Requires a minimum of 5 samples 
and is currently limited to a maximum of 287 samples. However this 
number can be easily extended by filling down the relevant columns of 
the workbook. 

Percent of observations 
above 157 cfu/100mL 

The percent of observations above 157 cfu/100mL is the number of 
reported observations above this value. This value has been taken from 
the Wyer et al paper. 

Percent of observations 

below lowest enumerated 

value 

The percent of observations below the lowest enumerated value is 
simply the percentage of observations below the lowest reported 
enumerated value. If this figure exceeds 80%, the probability value 
shown in cell D19 may not be reliable. If the figure is 80%, the total 
number of observations should be at least 20. 

This statement comes from the following paper: Verrill, S and A 
Johnson (1988)., Tables and Large Sample Distribution Theory for 
Censored Data Correlation Statistics for Testing Normality. Journal of 
the American Statistical Association, 83, 1192-1197. 

Percent of observations less 
than 33 cfu/100mL 

The percent of observations less than 33 cfu/100mL is the number of 
reported observations below this value. This value has been taken from 
the Wyer et al paper. 
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Appendix C - Instructions for using the Enterotester 

Term Definition 

Probability of lognormal The probability of lognormal distribution of the organisms is calculated 

distribution of the organisms from the value of the Shapiro-Francia statistic W’ by the method given 
in Royston P (1993) A toolkit for testing for non-normality in complete 
and censored samples. The Statistician, 42: 37-43. 

The 95th percentile in cell G19 is assigned on the assumption that the 
sample data can be regarded as drawn from a lognormal distribution 
with the same standard deviation as the Reference Distribution and the 
geometric mean shown in cell F19. This assumption should be rejected 
at the 5% significance level if the probability of a log-normal distribution 
shown in cell D19 is less than 0.05. 

The value is suspect (shown in pink) if more than 80% of the 
observations are censored (below the lowest enumerated value). A 
value of 1.000 is suspect (shown in pink) if there are only two different 
concentrations of organisms in the sample. 

Reference distribution The lognormal distribution defined by a geometric mean of 9.3 and a 
log10 standard deviation of 0.81. This is the distribution of 
enterococci/100mL lying at the boundary of MACs B and C, as used in 
the WHO and NHMRC Guidelines. 

Sorted Observations Sorts the observations in descending order from highest to lowest 
observation. 

Suggested Water Quality The suggested water quality one-off trigger level at a particular 
one off Trigger Level sampling location is the recommended enterococci value that when 

exceeded should trigger further investigation into the source of 
pollution, and trigger when to re-sampled and further investigate where 
no sources are identified. This value is calculated using the estimated 
99th percentile of the distribution of the observations, if the lognormal 
model is acceptable; otherwise, if there are 57 or more observation, 
their 99th percentile as calculated by the average of the Blom and 
Hazen methods; otherwise, the 99th percentile of the bounding 
reference distribution for the category shown in cell H19. 

Helpful in judging whether the highest observation(s) may be best 
explained as part of the distribution, or as indicating a change in 
prevailing conditions. 

Note: May be less than an assigned or reassigned 95th percentile in 
cell F19, if the standard 

Suggested Water Quality two The suggested water quality two-in-a-row trigger level at a particular 
- in- a-row Trigger Level sampling location is the recommended enterococci value that when 

exceeded after two consecutive sampling occasions should trigger 
further investigation into the cause of pollution and trigger when to 
resampled and further investigate where no sources are identified. 

This value is calculated using the estimated 90th percentile of the 
distribution of the observations, if the lognormal model is acceptable; 
otherwise, the 90th percentile of the observations as calculated by the 
average of the Blom and Hazen methods. The probability of two 
successive occurrences by chance at or above this level (~1%) is about 
the same as one occurrence at or above the level in cell I17 

Test Statistic The test statistic is the mean of the top half of the sorted observations, 
including the median for odd-numbered series, or of the enumerated 
values (whichever is the fewer), divided by the mean of the 
corresponding expected values (from the reference distribution). 
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