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1 Introduction 
This report summarizes the topics and discussions of the evaluation workshop for the 11th 
microbiological PT round provided by Botswana Bureau of Standards (BOBS). The 
workshop was hosted by Seychelles Bureau of Standards (SBS) and held in conjunction 
with the evaluation workshop for the Chemistry PT provided by Namwater, Namibia. 
A meeting of the project management committee (PMC) and a general assembly (GA) of 
the SADC WaterLab Association was also conducted during the workshop. 
Botswana Bureau of Standards provided this proficiency-testing scheme for 
microbiological parameters in drinking water for the fifth time. Although preparation of the 
material at BOBS still has not developed to the point where it can used as PT material 
the PT round was supplied as planned. Again material from the National Food Agency 
(NFA, Sweden) was used. This is known to be mostly stable even if transported under 
ambient temperatures. 
 

2 Attendance 
 
The workshop was well attended taken into consideration the fact that participants did not 
receive any direct financial support for their attendance. The 22 participants of the 
microbiology stream represented laboratories from 11 different countries and represented 
standards bodies water companies and industrial laboratories. This shows the great 
interest in the evaluation workshop that gives an opportunity for networking and 
discussion with other laboratories. The workshop was partially supported by the PTB 
mainly by providing for the facilitators Dr. Luden (Microbiologist, Germany) and Mare 
Linsky (NMISA, South Africa).  

 

The Chemistry stream was attended by 33 participants from 12 different countries. 

 

3 Workshop - summary 
The evaluation workshop of the 2019 Microbiology PT for water testing laboratories was 
hosted by Seychells Bureau of Standards, Victoria, and held in conjunction with the 
evaluation workshop for the chemistry PT provided by Namwater, Namibia. 

Botswana 3 Lesotho 1 South Africa 1 
DR Congo 1 Malawi 1 Tanzania 2 
Kenya 4 Namibia 1 Uganda 2 
Kingdom of Eswatini 1 Seychelles 4 Zimbabwe 1 

Botswana 3 Kingdom of Eswatini 1 South Africa 3 
Burundi 3 Lesotho 1 Tanzania 1 
DR Congo 6 Malawi 1 Uganda 2 
Kenya 3 Seychelles 6 Zimbabwe 3 
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The workshop was officially launched by the principal secretary for industry and 
entrepreneurship development Angelique Antat in the presence of Vice-President 
Vincent Meriton, chairperson of the SADC Water Laboratory Association Tafadzwa 
Mukungugwa, SADCMET regional coordinator based in South Africa, Donald Masuku 
and other relevant stakeholders and delegates. In her opening speech, PS Antat noted 
the importance of accessing clean water and sanitation as well as water security. 

The three days of the workshop focused for the microbiology group on a detailed 
evaluation of the 2019 PT round and different aspects of quality management. The 
evaluation of the proficiency testing scheme started with a report of the PT provider 
Botswana Bureau of Standards (BOBS) represented by Mr. Itseng Saudu. He also 
covered the statistical evaluation and assessment of the results. Feedback on the PT was 
discussed during a session on the way forward concluding that part of the workshop. 
On day two of the workshop the training topics circled around different aspects of quality 
control in a microbiological Laboratory a) the importance of methods in Microbiology b) 
quality control measures (working groups) c) uncertainty of counting d) control charts. 
The workshop concluded with the general assembly of the SADC WaterLab Association 
and visits to the SBS laboratory. 
Although the author did not follow the Chemistry stream of the workshop in detail 
feedback and evaluation from the participants is included in this report. All presentations 
will be made available by the SADC Secretariat. 
 

4 Report of the PT provider 
Mr. Itseng Saudu (BOBS) reported on the technical details of the PT as well as the 
evaluation (see Annex 1). As previously freeze-dried material procured from NFA 
(Sweden) was used. The PT material was shipped in padded envelopes without 
temperature control as it was considered very stable. 
The number of participating laboratories again was slightly higher than in the previous 
round (n=83). The use of Algorithm A as robust statistical method for calculation of the 
assigned value from participants results was used. Most samples arrived at their 
destinations within 2-5 days and no delay due to customs problems were encountered. 
Concerning the methods used for analysis of the PT samples it was difficult to understand 
what exactly was done in the laboratory. From the details reported with the results it was 
quite obvious that the information was not always conclusive. Still there were a lot of 
different methods were used for analysis of the samples and not all of them seemed 
suitable e.g. pour plate methods for E. coli in drinking water with a required limit of 
detection of 0/100 ml. Quite a few laboratories did not use the recommended methods for 
drinking water analysis or did not report proper information on the methods. 
 
 

5 Evaluation of the PT 
PT results and interpretation were discussed with emphasis on statistical methods used. 
Assigned values 
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For each parameter the assigned value and the attached standard deviation for the 
assessment of this PT was calculated using robust statistics (Algorithm A) as described 
in ISO 13528. 
 
Standard deviation/z-scores 
Due to a high variability of the reported results the standard deviation for calculation of z-
scores still too high to be used for performance assessment. Using the these for 
evaluation would result in unsuitable warning and action limits. In consequence a lot of 
values would not be recognized as questionable. 
One of the major conclusions from previous workshops was that the evaluation should 
be based on a limited standard deviation based on experience of the PT provider and the 
manufacturer of the material. Therefore the results were evaluated using a predetermined 
“limited” standard deviation for calculation of z-scores. The acceptable standard deviation 
was set to 15 % and 20% (P. aeruginosa and C. perfringens only) respectively. The 
details are given in the Report of the PT and in the presentation Annex 2. 
 
Table 1: Summary of resulst (from PT providers report)  

 

Table 2: Bacterial content of the PT material according to initial quality control of 
manufacturer (from PT providers report)  

 
 

Total 
Coliform 
bacteria 

E. coli 
Coliform 
bacteria 
@44°C 

Enterococci P. 
aeruginosa 

C. 
perfringens 

TPC 
@37°C 

TPC 
@22°C 

CFU 81 47 39 106 50 34 44 44 

 
E. coli / Coliform bacteria 

• very high variation of test results probably due to inappropriate methods 

• Very inconclusive information has been given on the standard, medium, times and 
temperatures as well as confirmation steps indicating that the standards might not 
be followed strictly. Any deviation from the standard might negatively influence the 

Total 
Coliform
bacteria

E. coli Coliform
bacteria @ 
44oC

Enterococci P.aerugi-
-nosa       

C.perfrin-
-gens

TPC
@ 37oC

TPC
@ 22oC

Assigned value 42 22 25 77 19 16 32 34

Range (-3σ
to+3σ)

13-89 7-46 7-52 23-162 3-48 3-42 10-67 10-71

Range (-2σ
to +2σ)

21-71 11-37 12-42 38-130 7-36 6-32 16-54 17-57

Results
received

78 72 64 54 47 32 68 53

Satisfactory 66 45 36 47 36 20 52 43
Questionable 5 11 12 1 7 6 7 3
Unsatisfactory 7 15 30 6 3 7 9 9
%,Satisfactory 84.6 62.5 56.3 87 76.6 62.5 76.5 81
%,Questionable 6.4 15.3 18.8 1.9 15 18.8 10.3 5.7
%,Unsatisfactory 9 20.8 46.9 11.1 6.4 21.9 13.2 11.3
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outcome of the examination. 

• Plate count methods cited are not suitable methods for a parameter (e.g. E. coli) 
with a legal requirement of 0/100 ml (limit of detection). 

 
Enterococci 

• A lot of laboratories used ISO 7899-1 as a method and that seems to be quite 
appropriate. Nevertheless quite a few laboratories did not detect any Enterococci 
in the sample. Especially the Slanetz and Bartley agar might give low recoveries 
with some membranes. To control the quality of the membrane-agar combination 
it could be checked against a nonselective agar for productivity. 

 
Pseudomonas aeruginosa 

• For P. aeruginosa the variation of results has decreased and was comparable to 
parameters like Total Coliform bacteria and E coli. This might indicate a slight 
improvement of the performance of laboratories in general. 

 
C. perfringens 

• Only a small number of results were reported for this parameter. The variation 
was very high. 

• Typically anaerobic incubation might pose a problem. Quality controls e.g. a 
positive control incubated under the sample conditions and at the same time with 
the PT sample proves helpful. As positive control a C. perfringens strain can be 
streaked onto the agar used and growth and morphology can be compared while 
reading the plates. 
  

Culturable microorganisms at 22°C and 36°C 
• Some results reported were unreasonably high pointing to either dilution 

problems or contamination or misinterpretation during reading the plates. 
 
Conclusions 
The variability of the reported test results is still very high. Therefore the predetermined 
standard deviation for the calculation of z-sores and this for the evaluation of the results 
is still useful. This ensures that laboratories get appropriate warning and actions signals 
from their results.   
Although there seem to be some changes for the better there is still need for improvement 
in the laboratory procedures. Not everything can be attributed to the nature of the material 
and the handling steps the laboratory staff might not be used to. 
There has been a decrease in result values that had to be considered obvious outliers 
and only few false negative results. Overall the outcome of the PT in terms of laboratory 
performance seems to have improved. 
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The importance and value of PT schemes in general seem to be recognized as can be 
concluded from the high number of participants in the evaluation workshop. Still difficulties 
appear to exist in following up with root cause analysis and corrective actions for some 
laboratories. The microbiology PT scheme as external quality control can serve as an 
important part of quality management for laboratories.  
 

6 Training 
Quality control in a microbiological laboratory has a lot of different aspects. In this training 
session factors of impact on the detection (and quantification) of bacteria were discussed 
in working groups. The groups focused on 1) general aspects e.g. handling, bacterial 
requirements 2) membrane filtration methods 3) pour plate methods and 4) MPN 
methods. Each group presented their results and some aspects were discussed in detail. 
The uncertainty of counting was approached by a counting exercise (templates for the 
exercise provided in Annex 4 Counting exercises). And possible uses of control charts in 
a microbiological laboratory presented. Although not as versatile as in quality control of 
chemical analytics there might be beneficial aspects to monitoring PT performances over 
time or the quantitative control of media and membrane performance. 
The compiled list of factors as well as the presentations for the following topics are 
included in the training presentation provided in Annex 3 of this report. 
 

7 SADCWaterLab Association general assembly 
On the last day of the workshop a SADCWaterLab Association general assembly was 
held. The minutes will be made available by the secretariat. 
 

8 Evaluation of the workshop by participants 
An evaluation questionnaire was distributed on the last day of the workshop. In general 
the two workshops (microbiology and chemistry) fulfilled the participants` expectations. It 
was notable that especially the networking opportunity is very much appreciated as was 
in the previous workshops. Apart from detailed evaluation of each PT there is always 
room for discussions and sharing experiences with other laboratories. This helps to 
develop tailor-made solutions for the challenges each laboratory faces. 
Keeping up the effort and using the chance for networking and Exchange of experience 
in the workshop or within SADCWaterLab Association can play an important role in 
improving lab performance. 
A summary of questions and detailed answers and suggestions are given in Annex 4. 
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Logistics
• Announcement of the 2019 PT Round by email -

February 2019

• Quality Control testing (Homogeneity) of the PT 
material 2-4th July 2019

• Shipping on 23 July 2019

• Shipping done by DHL
• Delivery days differed most 2-4 days some 5 days 
• Samples received in good condition
• Stability tests conducted 12-15 August 2019



Number of Participating Labs
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Participating Laboratories continued

u Reasons for late submission 
varied

Ø Lack of proper planning

u Communication challenges

0 10 20 30 40 50 60 70 80 90 100

Registered

Submitted

Timely

Late

Never

Participating Laboratories 2019

Percentage Actual



Samples Used
• One sample dispatched

• Supplied by National Food Agency – Sweden

• PT samples from previous rounds- lyophilized/freeze-dried mixture of Microorganisms

• Determined microbial concentrations - samples tested for homogeneity and stability prior to and after dispatch by PT 
provider

• Manufacturer also tested samples for the same and later used samples in own PT scheme

• Volumes used 5ml all membrane filtration tests, 1ml for Total plate counts 

• Tolerance intervals (upper and lower limits) are given as colony

forming units per volume of analysis

• Tolerance within ±2 σ (warning signal) and ±3 σ

(action signal )



The evaluation process

Data entry and evaluation/analysis 

• Data sorted in ascending order 

• Obvious outliers removed

• Square-root transformation of the data

• Statistical evaluation 

• Standard deviation presentation using cfu

• Z-score calculation and performance evaluation 



Evaluation Criteria

Std. Deviation Z- Score Assessment

-2σ to +2σ |Z-score|≤ 2.0 satisfactory

-3σ to -2σ and
+2σ to +3σ

2.0<|Z-score|<3.0 questionable (warning
signal)

<3 σ and >3σ |Z-score| ≥ 3.0 unsatisfactory (action
signal)



Results Summary
Total 
Coliform
bacteria

E. coli Coliform
bacteria @ 
44oC

Enterococci P.aerugi-
-nosa       

C.perfrin-
-gens

TPC
@ 37oC

TPC
@ 22oC

Assigned value 42 22 25 77 19 16 32 34

Range (-3σ
to+3σ)

13-89 7-46 7-52 23-162 3-48 3-42 10-67 10-71

Range (-2σ
to +2σ)

21-71 11-37 12-42 38-130 7-36 6-32 16-54 17-57

Results
received

78 72 64 54 47 32 68 53

Satisfactory 66 45 36 47 36 20 52 43
Questionable 5 11 12 1 7 6 7 3
Unsatisfactory 7 15 30 6 3 7 9 9
%,Satisfactory 84.6 62.5 56.3 87 76.6 62.5 76.5 81
%,Questionable 6.4 15.3 18.8 1.9 15 18.8 10.3 5.7
%,Unsatisfactory 9 20.8 46.9 11.1 6.4 21.9 13.2 11.3



Methods used by laboratories 

u Various methods used for each parameter

u No direct correlation between accuracy of results 

and method used for most parameters except 

Enterococci

u Inadequate methods information reported from 

some labs



Possible challenges with samples

u Not following sample preparation instructions submitted with 

samples 



Challenges with the PT 

uDelayed registration by some laboratories 
despite the announcement made well in 
time 

uFailure to understand the reporting 

template

uLate submission of results make increases 

time taken to prepare report 



Challenges with the PT

u Payment of insufficient fees, not factoring in 
transfer charges

u Incompatible finance systems- late payment of 
fees
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Announcements

u PT provider (BOBS) has decided to reinforce adherence to 
its financial policy with no exceptions therefore payments 
for participation  fees for the 12th round to be done during 
the stipulated period in the Notification

u Labs to make payment within stipulated dates or provide 
official guarantee for payment at a later time (but during 
the PT year)  with the approval of the PT provider



End of Presentation
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Proficiency 
testing

• A tool for performance evaluation of 
• Laboratory(personnel)
• Method(establishing the performance 

level)
• PT material 



Proficiency 
testing-

Provider’s 
Requirements

• Define the purpose of the PT

• Choose parameters and matrix (type of 
sample) taking into account methods 
used for analysis

• Choose level of contamination

• Prepare samples

• Collect reported data

• Evaluate

• Write a report (and distribute)

• provide further necessary and interesting 
information



Assigned Value

ISO/IEC Guide 43-1:1997
• Known value
• Certified Reference material
• Reference material
• Consensus value from expert 

labs
• Consensus value from 

participant labs

ISO 13528:2015, 7.3-7.7
• Formulation
• Certified reference material
• Results from one lab
• Consensus value from expert 

labs
• Consensus value from 

participant labs



Assigned Value

Statistical methods for use in proficiency testing by interlaboratory 
comparisons

• details for consensus value from participants results:

• advantage: easy to realise, cheap and particularly useful with 
operationally defined measurement methods

• Disadvantage: biased if the results are biased

• There might be no consensus

• e.g. Algorithm A



Algorithm A ISO 13528:2015

• robust estimates of the mean and standard deviation of the data to 
which it is applied

• starts with median and MAD s*=1.483 x median Ιxi-x*Ι
• limit data at x* + 1.5s* and x*-1.5x*
• extreme values trimmed to 1.5x*
• Calculation of Arithmetic mean and SD repeated (iterative calculation 

possible)

-1.5s        m          +1.5s



Z-score
The z-score for a proficiency test result xi is calculated as:

zi = ( xi  - xpt ) / σpt

Or commonly expressed as  z = (x-µ)/σ

Where
xpt is the assigned value, and
σpt is the standard deviation for proficiency assessment

z-score   =    test result   – assigned value  
standard deviation pt



SADCMET 2019 PT ROUND
• material used: freeze dried material from Swedish National Food 

Administration (NFA)
• distribution of bacteria in the material usually approximates normal 

distribution after square root transformation
• obvious outliers removed
• square root transformed results are used in the evaluation of this 

PT
• Algorithm A applied

• acceptable standard deviation limited for evaluation
• z-scores are calculated of the transformed results



Evaluation Procedure
• square root transformation of the results: x	 to √x
• calculation of mean x* and standard deviation s* using Algorithm A 

(robust method)
• the acceptable maximal standard deviation for the PT based on the 

experience was decided to be 15% or 20 % depending on the 
parameter
therefore the assigned value xpt and standard deviation spt of the 
PT were assigned as:

x*	 = xpt
s*	= spt if s* <	0.15xpt	
0.15xpt	= spt if s* ≥	0.15xpt



Evaluation Procedure

• range:
lower warning signal xpt - 2spt

upper warning signal xpt + 2spt

lower action signal xpt - 3spt

upper action signal xpt + 3spt

• retransformation  (square all values)
• rounding to whole numbers (results are counts and 

there are no parts of bacteria)



Example E.coli
xpt = 4.682 calculated by using Algorithm A of participants results
s  = 1.725 36.84% of xpt
spt = 0.702 15 % of xpt

calculation of range
lower warning limit (LWL) xpt - 2spt = 4.682 – (2*0.702) = 3.278
upper warning limit (UWL) xpt +  2spt = 5.420 + (2*0.702) = 6.086

retransformation rounding
assigned value  (CFU/10 ml):       xpt 2	 = (4.682)2 = 21.92 ⇒ 22
lower warning limit (LWL):     (xpt - 2spt)2 = (3.278)2 = 10.74 ⇒ 11
upper warning limit (UWL):    (xpt + 2spt)2 = (6.086)2   = 37.04  ⇒ 37



Summary
Parameter Vol. AlgA SD 

AlgA
N assigned 

value 
CFU

RSD 
%

RSD
(in 

sqr)

σ comment

Total 
Coliforms

5ml 6.490 1.490 77 42 22.95 0.15 0.974 1 outlier excluded

Coliforms@44
°C

5ml 5.010 1.827 63 25 36.47 0.15 0.746 All values included

E. coli 5ml 4.682 1.725 71 22 36.84 0.15 0.702 1 outlier excluded

Enterococci 5ml 8.782 1.283 54 77 14.6 1.317 All values included

Pseudomonas 5ml 4.315 1.361 47 19 31.53 0.20 0.863 All values included

C.perfringens 5ml 4.044 1.956 32 16 48.36 0.20 0.809 All values included

SPC @36°C 1ml 5.634 1.358 68 32 24.1 0.15 0.845 All values included

SPC @22°C 1ml 5.803 1.208 53 34 20.81 0.15 0.870 All values included



0

20

40

60

80

100

120

140
33 35 63 28 29 66 60 22 61 20 77 58 72 54 39 64 21 5 93 34 98 19 43 67 87 70 71 82 47 31 57 62 55 80 48 92 30 53 9 4 65 69 2 36 49 27 51 41 89 52 85 38 45 50 6 44 8 10 13 81 3 15 73 68 74 83 88 32 37 78 1 7 11 76 84 56 16 40

CF
U

/5
m

l
SADCMET Drinking Water PT 2019

Total Coliform Bacteria

CFU AL WL Assigned value WL AL



0

10

20

30

40

50

60

70

80

90

100

33 35 63 28 29 66 60 22 61 20 77 58 72 54 39 64 21 5 93 34 98 19 43 67 87 70 71 82 47 31 57 62 55 80 48 92 30 53 9 4 65 69 2 36 49 27 51 41 89 52 85 38 45 50 6 44 8 10 13 81 3 15 73 68 74 83 88 32 37 78 1 7 11 76 84 56 16 40

CF
U

 /
 5

m
l

SADCMET Drinking Water PT 2019
Total Coliform Bacteria ( Limited SD=15%)

CFU AL WL Assigned value WL AL



-5

-4

-3

-2

-1

0

1

2

3

4

5

33 35 63 28 29 66 60 22 61 20 77 58 72 54 39 64 21 5 93 34 98 19 43 67 87 70 71 82 47 31 57 62 55 80 48 92 30 53 9 4 65 69 2 36 49 27 51 41 89 52 85 38 45 50 6 44 8 10 13 81 3 15 73 68 74 83 88 32 37 78 1 7 11 76 84 56 16 40

z s
co

re
SADCMET Drinking Water PT 2019

Total Coliform Bacteria



-5

-4

-3

-2

-1

0

1

2

3

4

5

33 35 63 28 29 66 60 22 61 20 77 58 72 54 39 64 21 5 93 34 98 19 43 67 87 70 71 82 47 31 57 62 55 80 48 92 30 53 9 4 65 69 2 36 49 27 51 41 89 52 85 38 45 50 6 44 8 10 13 81 3 15 73 68 74 83 88 32 37 78 1 7 11 76 84 56 16 40

z s
co

re

SADCMET Drinking Water PT 2019 
Total Coliform Bacteria (σ = 15%)



0

20

40

60

80

100

120

140

160

180
19 28 29 33 63 66 52 20 27 93 72 7 77 21 71 67 62 61 37 69 74 47 39 43 68 58 64 55 9 34 48 51 70 78 36 85 50 84 89 3 15 60 6 11 13 4 30 88 22 81 41 45 65 87 1 44 56 73 82 8 2 97 96 94

CF
U

/5
m

l
SADCMET Drinking Water PT 2019

Coliforms@44oC

CFU AL WL Assigned value WL AL



0

20

40

60

80

100

120

140

160

180
19 28 29 33 63 66 52 20 27 93 72 7 77 21 71 67 62 61 37 69 74 47 39 43 68 58 64 55 9 34 48 51 70 78 36 85 50 84 89 3 15 60 6 11 13 4 30 88 22 81 41 45 65 87 1 44 56 73 82 8 2 97 96 94

CF
U

 /
 5

m
l

SADCMET Drinking Water PT 2019
Total Coliform Bacteria ( Limited SD=15%)

CFU AL WL Assigned value WL AL



-5

-4

-3

-2

-1

0

1

2

3

4

5

19 28 29 33 63 66 52 20 27 93 72 7 77 21 71 67 62 61 37 69 74 47 39 43 68 58 64 55 9 34 48 51 70 78 36 85 50 84 89 3 15 60 6 11 13 4 30 88 22 81 41 45 65 87 1 44 56 73 82 8 2 97 96 94

z s
co

re
SADCMET Drinking Water PT 2019

Coliforms@44oC



-5

-4

-3

-2

-1

0

1

2

3

4

5

19 28 29 33 63 66 52 20 27 93 72 7 77 21 71 67 62 61 37 69 74 47 39 43 68 58 64 55 9 34 48 51 70 78 36 85 50 84 89 3 15 60 6 11 13 4 30 88 22 81 41 45 65 87 1 44 56 73 82 8 2 97 96 94

z s
co

re

SADCMET Drinking Water PT 2019 
Total Coliform Bacteria (σ = 15%)



DR. KATRIN LUDEN

PT EVALUATION WORKSHOP VICTORIA 18.-20.11.2019 1

DR. KATRIN LUDEN

PT EVALUATION WORKSHOP VICTORIA 18.-20.11.2019 1

Microbiology PT Evaluation 
Workshop

Training
Dr. Katrin Luden
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My Backround

• Governmental Institute for Public Health of the 
federal stat of Lower Saxony /Germany
Niedersächsisches Landesgesundheitsamt = NLGA

• Water testing laboratory within NLGA: 
• Drinking water
• Pool and spa water
• Bathing waters (EU bathing water directive)

• Provider for drinking water proficiency testing 
schemes (PTs)
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Proficiency testing schemes - NLGA
Drinking water methods Rounds/

year
participants

E. coli /Coliform Bacteria ISO 9308-1:2001
ISO 9308-2:2014
ISO 9308-1:2014

4 600

Colony Counts ISO 6222:1999 4 600
Intestinal Enterococci ISO 7899-2 4 600
C. perfringens ISO 14189 2 600
P. aeruginosa ISO 16266 2 600
Legionella spec. ISO 11731 3 600

Other PTs
E. coli (bathing water) ISO 9308-3 1 250
Enterococci (bathing water) ISO 7899-1

ISO 7899-2
1 250

Bacteriophages ISO 1 30
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Training 
topics

IMPORTANCE OF METHODS 
IN MICROBIOLOGY

QUALITY CONTROL 
MEASURES

UNCERTAINTY OF 
COUNTING

CONTROL CHARTS
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Training

Presentations

Discussions

Working 
groups

Excercises
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Importance of test-methods in microbiology

• „clean“ matrix
• Liquiddrinking water

• Legal regulations
• Level of detection e.g. 1/100 ml

Safe for
human 

consumption

• Correlation with fecal contamination
• Easy to analyse
• Cost effective

indicator
concept
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Requirements for potable water

Could be 
• Safe for human consumption
• Indicator organisms (e.g. E. coli) not detected
• E. coli not detected
• No pathogens 
• E. coli absent in 100 ml 0/100 ml
• Coliform bacteria absent 0/100 ml
• Legionella 

in warm water <100 CFU/100 ml 
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Convention method
- Procedure described (e.g. published in a journal or as a 

standard)
- “gold standard” in drinking water microbiology usually 

is culturing

- Culturing = based on counts
- ability of microorganism to grow on or in a specific medium
- Colony forming unit might originate from 1 cell or thousands 

of cells

- Method where the analyte is determined by the 
method

à Any change to the method can/will also change the 
analyte!



DR. KATRIN LUDEN

PT EVALUATION WORKSHOP VICTORIA 18.-20.11.2019 9

DR. KATRIN LUDEN

PT EVALUATION WORKSHOP VICTORIA 18.-20.11.2019 9

Standardized methods (e.g. ISO)

• what´s out there

• how does it get there

• what they can do for you

• how to use them

• what they cannot do for you
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• ISO International Standardization Organization
• Technical committees
• Member Bodies: national standardization bodies
• written and discussed by experts
• well known and used method
• best available „compromise“
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ISO Standards contain

• normative information
• informative information
• definitions
• precise technical information

• instrumentation
• media composition
• times
• temperatures

• format of how to report the results
• most often encountered problems
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Most important decisions of a laboratory

• What is the purpose of the analysis?
• Is the standard fit for your purpose?

• Example of influence on how the method
influences the result of the analyis: coliform
bacteria
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Definition of Coliform bacteria

13. Jahrestagung Trinkwasserringversuche   Osnabrück, 29. Februar 2012 

E. coli1) Fäkalcoliforme 
(methodenabhängig) 

Escherichia 

Coliforme Bakterien 
(TrinkwV 1990) 

Coliforme Bakterien 1)  
(Colilert18™) 

Coliforme Bakterien 1) 
(DIN EN ISO 9308-1) 

Enterobacteriaceae 

Nicht definiert: 
   Kolibakterien 
    Coli-Keime 
„Kursiv�: 
    systematischer 
    Begriff 
1) Grenzwert  
    0/100ml gemäß 
    TrinkwV 2001 

Coliforme Bakterien und E. coli 
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Coliform bacteria defined by method

“historic” ISO 9308-1 Colilert®-18 
Escherichia 
Klebsiella 
Enterobacter 
Citrobacter 

Escherichia 
Klebsiella 
Enterobacter 
Citrobacter 
Yersinia 
Serratia 
Hafnia 
Pantoea 
Kluyvera 

Escherichia 
Klebsiella 
Enterobacter 
Citrobacter 
Yersinia 
Serratia 
Hafnia 
Pantoea 
Kluyvera 
Cedecea 
Ewingella 
Moellerella 
Leclercia 
Rahnella 
Yokenella 
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Working groups

What factors have an impact on the detection (and
quantification) of bacteria

1) general aspects (handling, bacterial requirements)
2) Membrane filtration methods
3) Pour plate methods
4) MPN methods
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general aspects Potential quality control measures

Type of container Sterile, Volume, material

Temperature Ice in a cooler box

sampling point Follow the correct procedure: e.g. flaming, spray with desinfectant

sampling procedure SOP

Environmental conditions Record

Weather instability Record

Sampler Training for competency, qualitfication records, in house training 
supervision, demonstation

Technician Competent

Sample keeping cool and transport withing required time span

Transportation temperature datalogger, extra sample for temperature reading at stsart 
and end of transport

Distance shortest 6hrs

Sample bench to be analyzed within 1hr on sterile bench

Method fit for the purpose bz validation data including a decision based on that 
data and the knowledge of the purpose of the analzsis

General lab condition Temp monitored and controlled, check for airborne contamination by
using open non selektive plates decide on warning and action limits
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Membrane filtration
methods Potential quality control measures

type of membrane filter pore size, material, test batch to batch compatibility of membrane and 
medium (see upcomming ISO 7704)

volume of water graduated funnel, volume measurement
sterility of 
mebranefiltrarion 
apparatus 

flaming, autoclaved, positive and negative control samples

environmental  condition if in the laminar flow bacterial contaminationof air

sterility check of the mediaexpiry date, pH, 
type of water used for
media preparation pH, conductivity 25, heavz metal content

maitanance of the 
apparatus no leakage, pump working properlz

verification of the media pH, 

place filter on plate no air bubbled trapped, visual inspection of the plate during reading
broth and absorbant pad 
(thickness)

control at reception of the pads with the amount of broth intended for
use< pipetting control (weighing)

Working group 2
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Pour plate methods Potential quality control measures

Weighing Calibration of balnce, mass of media measured

Reconstitution of media ph, conductivity of water, volume

Media quality Brand, quality, expiry status, instruction for preparation

Sterilisation of media Control time, temp, pressure, add spores to autoclave an incubate 
after run in growth conditions

Glassware cleaning, sterilisation
Volume of sample 
measured Calibration of measuring apparatus

Homogeneity of sample Mix properly

Serial dilution Calibration of pipette, technique
Time between serial 
dilution and pouring Not more than 15min

Temperature of Agar Not to exceed 44-47oC
Volume of culture media
poured Not < 10ml, not> 20ml

Working group 3
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Pour plate methods Potential quality control measures

Mixing technique of sample and media Aseptic technique

Use of singular/duplicate plates

Stacking of plates Not more than 6 high

Calibration status of incubators

Counting of colonies Identification, accuracy of counting

Calculation of results Check accuracy of formula 

Reporting results Proper units.

waterbath temperature control

Working group 3 contiunued
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MPN methods Potential Quality Control Measures

Pipetting technique Trained and authorised personnel to use micropipettes
Sample homogeneity (esp. for 1ml 
aliquotes) Homogenise samples as prescribed

Volume dispensed Use pipettes calibrated at points of use

Volume loss during autoclaving Aseptically transfer dilution water after autoclaving
Cross contamination between dilution 
steps Pipette tip sterility tests

incubation temperature & time Stick to documented limits

Sample colouration (Colilert-18) Incubate sample without substrate added and compare 
with one containing substrate

Intensity of colouration (Colilert-18) Use valid Colilert-18 comparator

Reading MPN (approximate number)

Foam formation in quantitrays Use anti-foam
Presence of gas in durham tubes before 
incubation Eliminate air from the tubes during inocculation

Working group 4
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Factors of impact need to be

• sorted
• weighed

Judgements have to lead to decisions on which ones 
need to be controlled or tested…
What are acceptable limits for the factors and how 
can they be controlled?

WHAT IS FIT FOR PURPOSE?

Decisions have to be made. 
à decisions and the reasons should be documented 
for future use (accreditation?)
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Quality control 
measures

in a microbiology laboratory analyzing drinking water
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Quality control

WHO:

“The total process whereby the quality of laboratory 
reports can be guaranteed.”
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Quality control

• QC is part of quality assurance that primarily deals 
with errors in the performance of tests and 
verification of test results

• QC must cover all aspects and all procedures 
contributing to the test report

• Practicable
• Affordable
• Achievable
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preanalytic
• Aim of testing
• Sampling
• Transport
• Storage
• Conservation

analytic
• Test method
• Equipment
• Staff
• Test result

Post 
analytic

• Report
• Interpretation
• (Consultation)
• Action?
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Test method
• Medium

• Composition
• No inhibitory contents like copper or other heavy metals
• appearance
• shelf life (storage conditions)
• Recovery
• Water used for the preparation (conductivity)
• Thickness of the plates

• Positive controls 
• Typical appearance

• Negative controls
• Inhibition of non-target strains (sufficient)

• Combination of each lot of medium with each lot of 
membrane (ISO 11133)

• Incubation times (documented?)
• Incubation temperatures (see equipment)
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Equipment
• Incubators

• temperature control
• on different racks
• over time
• Different usage (weekend/weekday)
• Drying of the plates (incubators with fan)

• Membrane filtration apparatus
• Sterility
• Pressure (negative or positive)

• Pipettes/Volumetric Devices: check volumes regularly 
(weighing)

• Glassware
• discard chipped glassware
• Sterility

• Autoclaves
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staff

• well trained
• experienced
àcompetent

• Knowledge on methods
• Conducting the different steps of the procedure 

(e.g. filtration, reading, calculation of test result)
• Reading of plates
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Standard Operating Procedures 

• All quality control procedures need to be written 
down as detailed instructions

• Serves to achieve a consistent quality in the analysis
• could be part of the instructions for the test method 

itself in order to  minimize the risk of errors
• helps preventing unwanted “shortcuts” or variations in 

the procedure
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Uncertainty of counting
in a microbiology laboratory analyzing drinking water
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ISO 13843:2017

Water quality - Requirements for establishing 

performance characteristics of quantitative 
microbiological methods

3
5
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Contents

1. Scope
2. Normative References
3. Terms and Definitions
4. Basic Concepts
5. Specifications: some guideline values
6. Designs for determining performance 

characteristics of a method
7. Designs for single laboratory verification of a 

method

3
6
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Annexes

A. Mathematical models of variation (informative)

B. Assessment of the lower limits (normative)

C. Assessment of the upper limits (normative)

D. Determination of the operational variability in 
repeatability and intralaboratory 
reproducibility conditions (normative)

E. uncertainty in counting (normative)

F. Determination of the operational variability 
(interlaboratory reproducibility) in a 
collaborative performance study (normative)

G. Glossary of principal symbols (informative)

3
7




