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Foreword 

ISO (the International Organization for Standardization) is a wot-ldwide 
federation of national Standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical committee has been established has the right to bc 
represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. ISO collaborates closely with the International Electrotcchnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committces are 
circulated to the member bodies for voting. Publication as an Inter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. 

International Standard ISO 9998 was prepared by Technical Committee 
ISO/TC 147, Water quality. 

Annexes A and B form an integral part of this International Standard. 
Annex C is for information only. 
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or by any means, eiectronic or mechanical, including photocopylng and microfilm, without 
Permission in writing from the publisher. 
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Introduction 

The development of micro-organisms upon culture media is dependent 
upon a number of very important factors. 

a) The proper nutrients must be available. 

b) Oxygen or other gases must be available. 

c) A certain degree of moisture is necessary. 

d) The medium must be of the proper pH reaction. 

e) Proper temperatures must be maintained. 

f) The medium musf be sterile and maintained free of contamination 
after inoculation. 

g) Media must be able to be reproduced consistently with minimum 
variations. 

h) Care should be taken to avoid plates which are too crowded. 

To ensure the reproducibility of microbiological results and to enable 
inter-laboratoty comparison studies to be made, the preparation of 
microbiological media must be strictly regulated. Guidelines for ensur- 
ing the proper preparation of media which tan be used with similar 
growth expectations from laboratory to laboratory are presented below. 
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INTERNATIONAL STANDARD ISO 9998:1991(E) 

Water quality - Practices for evaluating and controlling 
microbiological colony count media used in water quality tests 

1 Scope 

This International Standard covers the comparison 
and evaluation of the Same medium prepared from 
different lots of materials. 

lt also covers the comparison and evaluation of dif- 
ferent media which are used for the Same purpose. 

lt only deals with the finished product ready to be 
tested, and not media formulation or preparation. 

This method applies to the evaluation of any solid 
media intended for bacteriological isolation and 
enumeration procedures. 

Inoculation tan be either a quantitative method or 
simple plate-spreading by wire loop and seeding of 
liquid media by pipette. Alternatively, a series of 
natura1 aquatic samples with high bacterial popu- 
lations may be used. This type of screening is closer 
to reality, but has the disadvantage that the most 
demanding organisms may not be present in the 
water Sample used. 

3.2 Examples of statistical analyses are given in 
annex A. 

4 Media preparation and tests 

4.1 Application 
2 Normative reference 

The following Standard contains provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the edition indicated was valid. All Standards 
are subject to revision, and Parties to agreements 
based on this International Standard are encour- 
aged to investigate the possibility of applying the 
most recent edition of the Standard indicated below. 
Members of IEC and ISO maintain registers of cur- 
rently valid International Standards. 

ISO 8199:1988, Wafer quality - General guide to the 
enumeration of micro-organisms by culture. 

3 Productivitykelectivity testing 

3.1 The general procedure is to inoculate appro- 
priate organisms onto the media under evaluation 
and to compare their Performance, when trying 

a) to choose between various manufacturer’s me- 
dia; 

b) to select the most appropriate medium; or 

c) to assess batch-to-batch Variation. 

The following tests and procedures tan be applied 
to each lot of medium prepared from either a com- 
mercial Source or in a laboratory using primary in- 
gredients (see also ISO 8199). 

4.2 Measurement of pH-value 

Prepare the medium, sterilize as directed and 
measure the pH using an electronie pH-meter. The 
pH of most media should be within +0,2 of a unit of 
the target value at 25 OC. Check the-pH of the steril- 
ized media, in the case of solid media after 
solidification. 

The pH or reaction of the culture medium, express- 
ing its hydrogen ion concentration, is very important 
for the qrowth of micro-organisms. Most micro- 
organisms prefer media which are approximately 
neutral, although some may require media which 
are distinctly acid. 

Drift in pH or other pH Problems may be caused by 

- superheating; 

- incomplete mixing; 

- excessive sterilization; 
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- use of alkaline glass; 

- contaminated Containers; 

- impure distilled water; 

- repeated melti w or prolong 
pecially at high tem Pe ratures; 

ed storage, es- 

- hydrolysis of ingredients. 

4.3 Gel strength 

For agar medium, a predried plate tan be checked 
with a wire loop. Drying methods are described in 
clause 6. 

Improper 
lowing: 

gel strength may be due to one of the fol- 

- agar not in Solution; 

- incomplete mixing; 

- inc0 
volu 

rrect 
me of 

Pro 
wa 

Port 
ter; 

ions of dehydrated medium to 

- pH drift due to acid hydrolysis (“acid” agars e.g. 
malt extract agar, will hydrolyze on prolonged 
heating or if repeatedly melted); 

- failure to compensate for dilution of agar by the 
inoculum. 

An agar with excess gel strength may inhibit the 
formation of typical colonies and the usual effect is 
a high-domed colony, which is usually smaller than 
normal. The inhibitory effect of a dry agar surface 
may be even stronger on membranes. 

4.4 Water 

The water used to prepare media is very important 
and could be one of the major Causes for incompar- 
ability between media prepared in different labora- 
tories or even within the Same laboratory. Tap water 
should never be used in the preparation of media 
as it will contain a variety of substances, varying 
from day to day, which may Cause growth stimu- 
lation or inhibition when used in medium prep- 
aration. 

Glass-distilled water is recommended for medium 
preparation. For critical growth studies, double 
glass-distilled or ultra-pure’) water are rec- 

ommended. Water which does not meet the re- 
quirements of glass-distilled water may contain 
compounds which interfere with the Performance of 
the media. 

Although the pH measurement of purified water is 
characterized by drift, extreme readings are indica- 
tive of Chemical contamination. 

4.5 Glassware 

Clean glassware is critical in the preparation of 
media. Traces of detergent or chemicals tan greatly 
influence medium composition and growth charac- 
teristics. Because some cleaning solutions are diffi- 
cult to remove completely, spot checking of clean 
glassware for pH reaction (especially if soaked in 
alkali or acid) should be carried out. 

Certain wetting agents or detergents used in wash- 
ing glassware may contain bacteriostatic or inhibit- 
ing substances requiring 6 to 12 successive rinsings 
with Ultra-pure water, to remove all traces and en- 
Sure freedom from residual bacteriostatic action. 

The procedure for testing these compounds, which 
is taken from [Al, is described in annex B. 

4.6 Appearance 

The colour and clarity of a prepared medium should 
be typical for the product. Some obvious media 
preparation errors are a darkening of the medium 
and the appearance of a precipitate. Superheating 
due to incomplete mixing tan also Cause a darken- 
ing of the medium. 

Incomplete solubility of the powdered medium may 
be noted. This may be due to inadequate soaking, 
inadequate heating, incomplete mixing, use of tap 
water or of a Container too small to allow adequate 
convection. 

Agar media are apt to show a precipitate as a result 
of prolonged sterilization or heating. Repeated 
melting of solidified agar or maintenance of melted 
agar at a high temperature may Iikewise Cause a 
precipitate to form in the media. Media containing 
agar may also form flocculant precipitates if the liq- 
uid medium remains in the water bath at 43 OC to 
45 OC for longer than 30 min. The flocculant agar 
precipitate, however, may be dispersed by reheating 
the medium. Such media may also undergo nu- 
tritional impairment if held in the molten state for too 
long. 

1) Water that tan be obtained by using a device similar to a 4 cartridge Milli-Q System with membrane filtration of the final 
product. 

The Milli-Q System is an example of a suit able sy stem available commercially. This infor mation is given 
of users of this International Standard an d does not constitute an endorseme nt by ISO of this System. 

for the convenience 
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4.7 Chemicals 

ISO 9998:1991 (E) 

5 Statistical analyses 

To ensure compatibiiity of media, reagents and sol- 
utions and reproducibility of test results, it is rec- 
ommended to use the purest grade chemicals in 
their preparation. For instance, it is weil docu- 
mented that some brands of potassium dihydrogen 
Phosphate, KH,PO, contain Iarge amounts of im- 
purities, any one of which tan have an inhibitory or 
growth stimulating effect on bacteria. The grade of 
Chemical used should be carefully documented so 
that later formulations will be consistent with the 
original. 

The proper dissolution of chemicals and mixing of 
solutions, media and reagents are important factors 
in ensuring homogeneity and compatibility from one 
batch to the next within and between laboratories. 

4.8 Changes in bacterial recovery or 
differentiating characteristics 

There are many reasons for a medium to suddenly 
be less efficacious than it once was. These reasons 
include: repeated melting; prolonged or excessive 
heating; incomplete mixing; charring or burning; 
failure to compensate for dilution of ingredients by 
inoculum; disturbance of the formula by the 
inoculum e.g. the addition of strong electrolytes or 
sugar Solution, detergents, antiseptics, metallic poi- 
sons, Protein material, etc. 

The important Point about some of these errors is 
that the medium is often, visually, the Same as if it 
was properly prepared. Sometimes the error will be 
continued for months until there is a realization that 
either the medium is not as efficacious as it used to 
be, or that the samples have become less contami- 
nated. Only constant vigilante will decrease the oc- 
currence of this type of Problem. The use of a pure 
culture producing a typical reaction on the medium 
(a positive control) is recommended. 

4.9 Shelf life 

The useful life of a culture medium, once prepared, 
depends on a number of factors and many media 
may safely be stored in a refrigerator for several 
weeks before use, although it is desirable to use 
them on the day of preparation for the most critical 
tasks. Liquid or solid media in screw-capped con- 
tainers (to prevent evaporation) are more suitable 
for prolonged storage than media on plates or in 
Containers plugged with cotton wool. 

Prolonged st0 rage of sterile media is not rec- 
ommended unl ess s tabil ity has been established. 

All prepared media and packaged media which have 
been opened should be dated for shelf Iife. The 
manufacturer’s shelf life specifications should be 
observed for unopened dehydrated media. 

5.1 General 

Microbiologists are constantly seeking the medium 
which is the most suitable for selectively isolating 
and enumerating a target organism or population of 
organisms from a specific specimen or Sample. The 
literature on this subject is very comprehensive, 
with many authors recommending a wide variety of 
media as being best under the test conditions im- 
posed. lnvariably, in these comparative studies and 
recommendations, the media recommended tend to 
have a regional following, which makes water qual- 
ity comparison studies difficult, as noted in [2]. 

Thus, for national and international water quality 
comparison purposes, it is very important that one 
of the basic tools of water microbiology, the media, 
be standardized as much as possible, not only to 
provide consistent results, but also to enable the 
development of standardized procedures for enu- 
merating specific micro-organisms. 

5.2 Principle 

Aqueous samples or pure cultures (normal, stressed 
or injured) or dilutions of these are spread plated, 
pour plated or membrane filtered and the mem- 
brane filters placed on the surface of two or more 
types of agar medium plates to be compared using 
a numerically significant number of colonies on 
replicated plates. 

For pure culture tests, the following three basic 
procedures are used for spread plate, pour plate 
and membrane filtration procedures. 

a) Cultures diluted to yield. countable ranges. 

b) Natura1 aquatic samples with low bacterial 
populations to which a pure target organism cul- 
ture is added to produce target organisms within 
the normal counting range. 

c) Natura1 aquatic samples with high bacterial 
populations to which a pure target organism cul- 
ture is added to produce target organisms within 
the normal counting range, with or without di- 
lution. 

For natura1 aqueous samples for which “colony 
counts” are required, the following two basic for- 
mats are used. 

a) Direct spread of pour plating of up to 1,O ml of 
Sample or dilution of Sample using appropriate 
procedures. 

b) Conte ntr 
filter a nd 

ation of 
depositi 

sam ple th rough a mem brane 
on of the m embrane filter on an 
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appropriate agar medium to obtain organisms 
within count ing range. 

5.3 Reagents and materials 

Suitable for comparing the media by either the 
spread plate, pour plate, or membrane filtration 
procedure. A nutrient non-specific agar may be in- 
cluded in all tests to establish pure culture colony 
counts. Recovery of target and non-target organisms 
on selective media should be compared with recov- 
ery on non-selective media. Both specificity and 
selectivity should be verified. 

5.4 Apparatus 

Suitable for performing spread plate, pour plate and 
membrane filtration tests for target organism enu- 
meration. Petri dishes for spread plating are ap- 
proximately 100 mm. These may also be used for 
membrane filter procedures. However, plates vary- 
ing from 50 mm to 60 mm in diameter may be more 
appropriate. 

5.5 Sample preparation 

5.5.1 Collect fresh or salt water samples, either for 
total count tests or to provide background flora for 
target organisms, and following routine laboratory 
procedures, use spread or pour plate or membrane 
filter procedures for inoculation. Incubate the inocu- 
lated Petri dishes at an appropriate temperature 
during a suitable time. The water tan be stored at 
2 “C to 4 “C. 

After incubation, examine the Petri dishes and es- 
tablish the colony count. The water samples should 
now be used immediately for total count tests or be 
augmented with known volumes of target organism 
for use in the media comparison studies. 

5.5.2 Culture the target organism for the media 
being compared in broth culture at an appropriate 
temperature. After incubation, stress the target 
organism by maintaining it at 2 OC to 4 “C for 24 h. 
Other stressing or injuring procedures which have 
been agreed upon may also be used. 

Spread plate, pour plate or membrane filter the 
stressed target organism and incubate on a non- 
selective nutrient medium at an appropriate tem- 
perature during a suitable incubation period, which 
may be longer than that required by non-stressed 
organisms. Return the stressed organism culture to 
the stressing condition, i.e. between 2 OC and 4 OC. 

Count both the target and non-target organism col- 
onies, immediately following incubation, then estab- 
lish the appropriate dilution for either pure culture 
comparison studies or for addition to water samples. 

Immediately after establishing the target organism 
density, use the appropriate volume required and 
immediately proceed with pure culture and/or mixed 
culture tests. 

6 Procedure 

6.1 General 

The spread plate procedures described are based 
on the use of 0,5 ml of liquid inoculum and predried 
agar plates. Agar plates to be used for membrane 
filter counts are not dried but, to avoid confluent 
growth, free water should not be present on the 
surface of the agar. 

To dry the plates for spread plate procedures, store 
the freshly prepared Petri dishes plus covers upside 
down in the dark (if the media are light sensitive) at 
30 OC to 35 OC for 15 h to 18 h. 

6.2 Spread plate procedure, pure stressed 
culture 

After preparing dilutions of pure stressed target 
organism so that 0,5 ml contains 50 to 200 
organisms, plate out 0,5 ml of the diluted stressed 
organism on each medium to be compared, in ran- 
dom fashion, as well as on a non-selective nutrient 
medium. A total of five replicates should be made, 
plus five on the non-selective nutrient medium. 
Enough dilutions should be plated to give an appro- 
priate colony number. 

A bent glass rod with or without a bacteriological 
turntable should be used to distribute the inoculum 
evenly over the predried agar surface. 

Replace Petri dish covers and allow the plated 
Sample to be completely absorbed before inverting. 
All plates should be incubated as soon as possible 
after the inoculum is absorbed at the required tem- 
perature for the required time, these values being 
based on the target organism used in the test. 

6.3 Spread plate procedure, stressed target 
organism and Sample 

Prepare dilutions so that 0,5 ml contain 400 to 500 
organisms (Suspension A) and 4000 to 5000 
organisms (Suspension B). 

Add an appropriate volume of target organism cul- 
ture to these dilutions so that 0,5 ml of augmented 
Sample also contains approximately 50 to 200 
stressed target organisms. 

Plate out 0,5 ml of Suspension A or B on each me- 
dium to be compared, in random fashion, as well as 
plating the appropriate target organism dilution (to 
achieve 50 to 200 target organism colonies) on non- 
selective nutrient media to establish baseline 
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counts. A total of five replicates of each medium are 
compared, plus five on the non-selective medium. 
Enough dilutions should be plated to give an appro- 
priate colony number. 

Refer to the second and third Paragraphs of 6.2 for 
the completion of this procedure. 

6.4 Pour plate procedure 

The pour plate procedure, using pure stressed cul- 
ture with or without Sample, tan be applied 
analogically to the spread plate procedure (6.2 and 
6.3). In this technique the plates are not predried 
and the volume of Sample and its dilutions to be 
plated is normally 1,0 ml. 

6.5 Membrane filter procedure, stressed 
target organism 

After preparing dilutions of pure stressed target 
organisms so that 1,O ml added to 30 ml of diluent 
and membrane filter contains approximately 50 to 
200 target organism colony forming units, use stan- 
dard membrane filtration procedures and a Standard 
membrane filter and distribute the inoculated mem- 
branes at random on the media being compared, as 
well as on a non-selective nutrient medium for 
background levels. lt is also recommended that 
0,5 ml of stressed target organism dilution (25 to 100 
colonies) be spread plated on a non-selective nutri- 
ent medium to evaluate membrane stress. A total 
of at least five replicates of each medium are com- 
pared. Filter enough dilutions to give an appropriate 
colony number. 

Immediately after all samples are processed, invert 
the Petri dishes and incubate at appropriate tem- 
peratures for an appropriate time. 

6.6 Membrane filter procedure, stressed 
target organism and Sample 

Prepare concentrations of water Sample or dilutions 
of water Sample so that 1,O ml contains 400 to 500 
organisms (A) and 4000 to 5000 organisms (B). 

Add appropriate volumes of target organism culture 
to these concentrations or dilutions (A or B), so that 
1,O ml of water Sample also contains approximately 
50 to 200 stressed target organisms. 

Add 1,0 ml of a mixture of water and sample- 
stressed organism to 30 ml of diluent and follow 
routine membrane filtration procedures to process 
the Sample. Repeat the procedure as frequently as 
required, randomly distributing the membrane filter 
on the media to be compared. As an integral patt 
of this procedure and as part of the random distri- 
bution Pattern, filter the appropriate volume and 

concentration of the stressed target organism to 
yield 50 to 200 organisms per millilitre. Place the 
membranes on non-selective nutrient media. 

At least five replicates of each medium are com- 
pared. 

Refer to the last paraqraph of 6.5 for the last step of 
this procedure. c 

6.7 Spread plate procedure, Sample 
count 

colony 

Randomly plate out 0,5 ml of Sample or Sample di- 
lution, which hypothetically contain 50 to 200 
organisms per ml capable of growing on the non- 
selective control medium, on each of the predried 
media to be compared. Compare five replicates of 
each medium. 

Refer to the second and third Paragraphs of 6.2 for 
the completion of this procedure. 

6.8 Pour plate procedure, Sample colony 
count 

The pour plate procedure tan be applied to evaluate 
the background growth analogically to the spread 
plate procedure (see 6.4 and 6.7). 

6.9 Membrane filter procedure, Sample 
colony count 

After verifying that the volume of Sample or Sample 
dilution produces 50 to 200 colonies on a membrane 
filter incubated on non-selective nutrient media, use 
this volume combined with up to 30 ml of diluent to 
test the media beinq compared. The total volume 
tested should not be‘less than IO ml. 

Filter a sufficient number of samples and randomly 
place the membranes on Chosen test media. 

If a Sample requires dilution, spread plate 0,5 ml of 
an appropriate Sample dilution to produce 50 to 200 
colonies on the agar plates used in the comparison 
study. The samples should be placed on randomly 
selected agars and included within the membrane 
filtration series. 

Refer to 6.5 for the completion of this procedure. 

7 Expression of results 

7.1 After appropriate incubation periods, using a 
stereoscopic microscope (x 10) or other counting 
aid, count and record the number of typical and 
atypical colonies growing on each medium and each 
control medium. 
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7.2 Tabulate the counts of typical colonies and 
consult annex A for the appropriate statistical 
methods. The counts of atypical colonies give an in- 
dication of the selectivity of media. 

7.3 Convert the counts into logarithms (add 1 or 0,5 
to all values before conversion, if Zero is observed). 

7.4 Calculate the mean and the Standard deviation 
for each medium. 

7.5 If the Standard deviations are approximately 
the Same (less than a four-fold differente) then the 
experiment is under control. Different Standard de- 
viations tan be the result of differentes between 
media. 

7.6 If only one Sample is analysed, perform one- 
way analysis of variance for comparing the differ- 
ences between media means, and if more samples 
are analysed, perform a two-way analysis of vari- 

ante, as described in annex A. In the two-way 
analysis, the significance of the interaction will de- 
termine how the analysis is to be continued for the 
testing of differentes between media (see 
annex A). 

7.7 If the Ftest is significant in the one-way 
analysis of variance, a more detailed analysis 
should be carried out. 

7.8 If the decision was made a priori to test all new 
media against a reference medium, this tan be done 
by a t-test for paired comparisons or by forming the 
appropriate contrasts in the analysis of variance. 

7.9 If it were only planned to test if there are dif- 
ferences between media, then an a posteriori 
Student-Newman-Keuls test should be done to study 
the differentes in detail. 
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Annex A 
(normative) 

Statistical designs in method comparisons 

A.l General 

Assume that a selection is to be made between rn different culture media for the enumeration of a certain 
bacterial group or species. Basically the statistical design is the Same for other comparisons, such as choices 
between plating techniques, incubation conditions, dilution solutions, membrane filter types, etc. Therefore, in 
the following, the nz alternatives will simply be referred to as different “methods”. 

It w ill be assumed that the yield, i.e. the count of typical colonies, is the sole basis of evaluation and compari- 
son of th e methods. 

A.2 Analysis of one Sample 

In the simplest instance, when a method is to be selected for the colony count of a pure culture, a simple design 
is sufficient. lt is sufficient to make only k replicate plates in random Order using rn different methods. The m 
methods tan be compared using a one-way analysis of variance (ANOVA) on the 172 x k counts. The calcu- 
lations are illustrated in A.4.1 and A.4.2. 

In practice, it is highly unlikely that an acceptable count tan always be secured from all k plates of the m 
methods. Some values will be missing for one reason or another. The statistical design becomes an ANOVA 
with unequal numbers of replicates in the different methods (see A.4.3). The value of k should always be at 
least 2. 

With pure cultures as test material, a one-time test may be assunied to apply generally; the result tan be ex- 
pected to hold for other strains of the Same species. 

A.3 Analysis of two or more samples 

When selecting a method for the quantitative determination of a bacterial group from a mixture of species or 
from a natura1 Sample, the Situation is more complex. One cannot generalize about the result of a Single 
comparison without risk. There is no a priori reason why the Same method should be the best for all types of 
natura1 samples. The statistical design must at least be able to test whether this is the case. This tan be done 
by applying a two-way ANOVA on the data of 171 methods with k replicates tested independently in .r different 
natura1 samples. The most important component to test is the samples times methods (S x M) interaction. 
When statistically significant, it indicates significant differentes in yield using different methods depending on 
the Sample type. The mathematical analysis of such a design is iltustrated in A.5. The number of replicates, k, 
need not be very large; two or three is quite enough. Fur-thermore, the experiments are independent; each 
different Sample tan be tested on a different date if necessary. 

This annex does not cover means of dealing with missing values in the two-way analysis of variance. If by ac- 
cident a count cannot be made, it is best to discard the whole set of data from that particular Sample. The data 
tan be replaced by testing the Sample again on another occasion or by studying another Sample. 
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A.4 One-way analysis of variance 

A.4.1 Design 1: Comparison of the productivity of UZ methods when there are k replicates for each 

A.4.1.1 Arrange the colony counts C, in a 771 x k table (tableA.1). 

Table A.1 

Replicate 
1 

Method 

2 3 . . . fl1 

1 Cl1 Cl2 c,g .*. C Im 

2 C21 C22 c23 -** c '2m 

. . . . . 

. 

k 

A.4.1.2 Transform the data given in table A-1 into logarithms and obtain sums of replicates. (See table A.2.) 
The data actually tested statistically are thus the values X, = log C,. 

Table A.2 

Replicate 
1 2 

Method 

3 ..s 131 

1 1- Xll XI2 x,g . . . X 1Pl 

2 X21 X22 x23 . . . X 2m 

. . . . . 

. . . . . 

. . . . . 
k Xkj X,2 xhj *** ‘km 

Totals x-1 X-2 x.3 . . . X ‘m X.. 

A.4.1.3 Prepare an analysis of variance (ANOVA) table (table A.3). 

Source of Variation 

Between medi a 

Within replicates 

Total 

Degrees of 
freedom 

DF 

m-l 

m(k - 1) 

mk - 1 

Table A.3 
7 

Value of test statistic Sum of squares Mean Square 

SS MS F 

n n fl m(k - 1) 
(m - 1) (nt-l)X C 

c C 
nt(k - 1) -PI 

n 
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Calculate the sum of squares between media, n, usinq the equation . 

A 
x2., + x2., + . . . + x2., - - 

k 
- CT 

where 

k is the number of replicates; 

m is the number of media; 

x-1 is the sum of column 1 in table A.2; 

x-2 is the sum of column 2 in table A.2; 

X .m is the sum of column m in table A.2; 

X.. is the sum of all observations in table A.2; 

(X 1 
2 

CT is the correction term = --$ 

Calculate the total sum of squares, 11, using the equation 

ß = X;, + X;, + . . . + XE, - CT 

Calculate the sum of squares within replicates, <T, usinq the equation L 

C=ß-n 

EXAMPLE 1 

Comparison of three media with five replicates. 

Arrange the colony counts as shown in table A.4. 

Table A.4 

Replicate showing Medium 
colony counts 1 2 3 

1 58 50 40 
2 45 47 47 
3 56 48 54 
4 53 52 42 
5 44 44 46 

Transform the data into logarithms (to base e in this example). See table A.5. 

Log value of 
replicates 

1 
2 
3 
4 
5 

Total 

Table AS 

Medium 
1 2 3 Total 

4,060 3,912 3,689 
3,807 3,850 3,850 
4,025 3,871 3,989 
3,970 3,951 3,738 
3,784 3,784 3,829 

19,646 19,368 19,095 58,109 
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Thus, in tableA.5 

X-1 = 19,646, X.2 = 19,368, X.3 = 19,095 and X.. = 58,109. 

Calculate the correction term, CT, usinq the equation L 

w > 2 
58,10g2 

CT=--=-= 15 mk 
= 225,1104 

Calculate the sum of squares between media, /i, using the equation 

A 
x2., + x2., + x2., - - 

5 - 
CT = 225,1408 - 225,1104 = 0,0304 

A 0,0304 
Mean Square between media = p--- ----- 

0,0304 
- = 0,0152 m-l- m-1 - 2 

Total sum of squares, ß = (4,060)2 + (3,807)2 -t . . . + (3,829)2 - CT = 225,2742 - 225,1104 = OJ638 

Then the sum of squares within replicates, (T, tan be catcutated as follows: 

C=ß-A=0,1638-0,0304=0,1334 

Mean Square for replicates 
c 0,1334 

= ------ = ---- = m(k - 1) 12 
0,03 11 

Value of test statistic, F2 12 = 
Mean Square for media 0,0152 

--- 1,37 1 Mean Square for replicates - 0,Olll - 

Substitute these calculated values in table A.3 to produce table A-6. 

Table A-6 

Source of Variation 
Degrees of freedom Sutn of squares Mean Square 

DF SS MS 

Between media 

Within replicates 

Total 

2 

12 

14 

0,0152 

0,011 1 

Value of test 
statistic 

Analysis of the above and consultation of an F-table Shows that for degrees of freedom 2 and 12, the value of 
F corresponding to a 5 % significance level is 3,88, which is higher than the Fvalue of 1,37. Hence, the ob- 
served differentes between the media are not significant at the 5 % level. 

A.4.2 Further testing after significant differentes between media have been found 

When the F-test in the analysis of variance detects significant differentes between media, it is only natura1 to 
ask for a more detailed analysis to determine which methods differ from one another or from a reference 
method. 

There are two schools of thought among the users of these analyses. Some users believe that all detailed 
comparisons must be decided at the design Stage (a priori), whereas others believe that curiosity arises only 
after the Ir-test has shown significant differentes, and statistical comparisons tan be decided afterwards 
(a posteriori). 

No a posteriori comparisons should be made unless the analysis of variance has shown that significant differ- 
ences are probable. 

10 
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A.4.2.1 Preliminary one-way analysis of variance 

Assume a minimal set of observations for illustration purposes only. Five media were tested using two repli- 
cates. 

Arrange the colony counts (C,) as shown in tableA.7. 

Table A-7 

Replicate Medium 
showing 

colony counts A 8 C D E Total 

1 68 109 96 93 88 

2 75 105 97 98 109 

Total 143 214 193 191 197 938 

Calculations 

938’ Correction term, CT = 10 = 87984,4 

Total sum of squares = 68’+ 75’+ . . . + 109’- CT = 1673.6 

Sum of squares between media = 
143’+ 2142 + . . . + 197’ _ CT - - 

2 
,407 6 

9 

Error sum of squares within media = 1673,6 - 1407,6 = 266,0 

Analysis of variance (table A.8). 

Table A.8 

Source of Variation 
Degrees of freedotn Sum of squares 

DF SS 

Mean Square 

MS 

Value of test 
statistic 

I;‘ 

Between media 

Within media 
---.+ 

Total 

#I--l =4 140 7,6 351.9 6,61 

U?(k - 1) = 5 266,0 53,2 
-- _ ~~ - _--~- -- 

mk - 1 = 9 
/ I 

Differentes between media are significant because 

351,9 
- = 6,61 > fi; lj 005 = 5,19 

53,2 ,c, I 

A.4.2.2 A priori test 

Assume that medium E is the Standard reference medium and compare all other media with it in pairs. To do 
this using the analysis of variance, compare the sum of each medium with the sum of medium E as follows. 

Contrast 

CT,, = 
38809 

2 
+ 20449 --- - 

2 

(197 + 143)2 w--- 
4 

729 
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Em+++- CT,, =2 38809 + - 45796 2 (lg7 214)2 - + 4 = 72 7 25 

E - C: + + + - CTEc = 4,O 

E - D: $ + $ - CT,, zz g,O 

Compared with the error variance (53,2), only the E - A comparison is statistically significant in the fr-test with 
one and five degrees of freedom. 

729 - - 13,7 > F, 5 005 = 6,61 
53,2 - 9 9 I 

These comparisons are not orthogonal (their sums of squares do not add up to the media sum of squares), 
because method E is included in each comparison. 

A.4.2.3 A posteriori test (Student-Newman-Keuls test) 

One of several a posteriori tests is the method based on “the Least Signikant Range” (LSR) concept - also 
called the Student-Newman-Keuls test (SNK). 

1) Arrange the media means in increasing Order (j) = (1) (2) . . . . (t77) as in table A.9. 

Table A.9 
T , 

Order (1) (2) (3) (4) (5) 

Medium A D C E B 

Sum 143 191 193 197 214 

I 
Mean (Ti) 

l 
71,5 

I 
95,5 

l 
96,5 

I g8t5 I IO790 I 

Table A.9 
T , 

Order (1) (2) (3) (4) (5) 

Medium A D C E B 

Sum 143 191 193 197 214 

Mean (Ti) 71,5 95,5 96,5 98,5 107,o 

2) Calculate the Standard error of the media means from the error mean Square of the analysis of variance 
table as follows 

where k is the number of replicates per medium. 

This error is based on m(k - 1) = 5 DF. 

3) Calculate the Least Significant Range (LSR) for n = 2, 3, . . . . HI means. (The values of “Studentized 
~=w” = Q+, v) are obtained from the appropriate tables) 

LSRn = L?x(n, v)s, 

where a is the confidence level. 

V =m(k- 1) 

where 

Art is the number of medial 

k is the number of replicates per medium. 

12 
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4) For this example, when v = 5 (2 - 1) = 5, the studentized range (Q) and the corresponding LSR values 
are given in tableA.lO. 

Table A.10 

r1 

3 4 5 

Q 3,635 4,602 5,218 5,6?33 

LSR Ia,7 23,7 26,9 29,3 

5) The highest mean 
29,3 = LSR5. 

minus the lowest mean = 107,O - 71,5 = 35,5’ is greater than 

Thus the differente between the extreme means is siqnikant. . 

6) The observed differentes (ranges) between four means are compared with the least significant range of 
four means (l-SR4 = 26,9): 

v (5) - Y(2) = 107,o - 95,5 = 11,5 

v (4) - V(l) = 98,5 - 71,5 = 27,0’ 

There is a signifkant differente between the first and fourth mean, but not between the second and fifth means. 

7) The observed differentes between three means are compared with the corresponding LSR3 value 
v-SR3 = 23,7). 

v (5) - Y(3) = 107,O - 96,5 = IO,5 

v (4) - Y(2) = 98,5 - 95,5 = 3,0 

v (3) - Y(l) = 96,5 - 71,5 = 25,0+ 

Only the differente between the first and third mean is significant. 

8) The largest pairwise differentes between consecutive means are 

v (2) - Y(l) = 95,5 - 71,5 = 24,O’ > 18,7 

v (5) - Y(4) = 107,O - 98,5 = 8,5 < 18,7 

The only significant differente is between means one and two. 

9) 
sig 

Consequen 
nificant. 

tly, the first (lowest) mean, 71,5, differs in turn from every other mean. No other differentes are 

A.4.3 Design 2: Unequal numbers of replicates 

Let us assume that some colony counts were missed in an originally symmetrical design, such as Design 1 
(A.4.1). Consequently, the number of replicates will not be the Same for all methods. This affects the calculation 
of the between-methods sum of squares as well as the degrees of freedom for the remainder. Otherwise, there 
is little Change compared with Design 1. 

A.4.3.1 The results are tabulated and transformed as in table A.l and table A.2 respectively. 

13 
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A.4.3.2 Prepare an analysis of variance table (table A.11). 

Source of Variation 

Between media 

Within replicates 

Total 

Degrees of 
freedom 

DF 

m-l 

n -m 

W-1 

Table A.11 

Sum of squares 

SS 

n 

C 

n 

Mean Square 

MS 

-- 

Value of test statistic 

li 

To prepare table A.ll the following quantities are calculated. 

Sums X.7, X.*, . . . . X., 

Sum of all observations, X.. = X.1 -t- X.2 + . . . + X., 

Total number of observations, n = k, -t- k, + . . . + k, 

Correction term, CT = I 

Total sum of squares, fl = XT, + XG, + . . . - CT 

Methods sum of squares, ,4. Instead of a common denominator k, use the individual numbers of replicates Ic,, 
k 23 “‘9 k, as follows 

A 
x2., x2., X2., 

- --+k+...+k-CT 
k 1 2 Tn 

EXAMPLE 2 

Comparison of three media. Because some value s are missing, the numbers of replicates are not the Same for 
all media. 

Arrange the colony counts as shown in table A.12. 

Table A.12 

Medium 

1 2 3 

58 50 40 

45 - 47 

56 48 54 

- 52 42 

44 44 46 

Transform the data into logarithms (to base e in this example) as shown in table A.13. 

14 
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Log value of 
replicates 

Total 

Number of 
observations 

Mean 

Table A.13 

Medium 

1 2 3 Total 

4,060 3,912 3,689 

3,807 - 3,850 

4,025 3,871 3,989 
- 3,951 3,738 

3,784 3,784 3,829 
---- 

15,676 15,518 19,095 50,289 

4 4 5 13 

3,919 3,880 3,819 

Thus in table A.13, the total number of observations, rz = 4 -t 4 + 5 = 13 

Correction term CT = 
(50,289)2 

13 = 194,5372 

Calculate the sum of squares between media, ,4, as follows: 

A 1 
5,6762 - - + 15,5182 + -- 9,0952 

1 
- CT = 

4 4 5 
194,5601 - 194,5372 = 0,0229 

Mean Square between media = 
0,0229 

- = 0,0115 2 

Total sum of squares, I? = 4,060’ + 3,807L + . . . + 3,829’ - CT = 194,6908 - 194,5372 = 0,1536 

Then the sum of squares between replicates, c, tan be calculated as follows: 

C= B - A = 0,1536 - 0,0229 = 0,1307 

0,1307 
Mean Square for replicates = 13 = 0,0131 - 

Value of test statistic, J; 1. = 
Mean Square for media 0,0115 =r () 88 ---_I 

3 Mean Square for replicates - 0.0131 ’ 

Substitute these calculated values in table A.ll to produce table A.14. 

Source of Variation 

Between media 

Within replicates 

Total 

Table A.14 

Degrees of freedom Sum of squares Mean Square 
Value of test 

statistic 

DF SS MS F 

2 0,022 9 0,011 5 0,88 
10 0,1307 0,013 1 

_-_I- __-.-__-.--<.--m-v-- 

12 0,153 6 

15 
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Consultation of an F-table Shows that for degrees of freedom 2 and 10, the value of Fcorresponding to a 5 % 
significance level is 4,10, which is higher than the F-value of 0,88. Hence, the observed differentes between the 
media are not significant at the 5 % level. 

The a priori type test tan be applied for a more detailed comparison of differentes between pairs of means. 

A.5 Design 3: Comparison between /TE media, each tested with s different suspensions 
using k replicate plates. (Two way analysis of variance.) 

AS.1 Arrange the data into a t?t x s table, with the k replicates in the Same ccll. 

AS.2 Transform the colony counts (C) into logarithms, X = log C, and arrange them as shown in tableA.15. 

Table A.15 

Suspension 
Medium 

5 M2 MS . . . Mm 

SS 

%ll %21 X 131 **- X Im1 

%12 %22 x132 --* X lm2 

. . . . 

X llk X 12k X 13k . . . X lmk 

x211 X221 x231 --. X 2ml 

X212 X222 x232 --- X 2m2 

X 21k X 22k X 23k -.- X 2mk 

. . . 

. . . 

. . . 

X Sll X i21 X r31 . . . X rm1 

X r12 X 722 X 132 . . . X Tm2 

. 

X slk 

. 

X s2k 

. 

X s3k . * . 

. 

X smk 

AS.3 Prepare a “treatments” table (table A.16) by adding the replicates in each cell. 

Table A.16 

Medium 

4 M2 M, . . . Mm Total 

r Sl %l. &2. %3 l ‘- 
X Im Xl 

S2 X21. X22. x23. *** X 2m. X2 

. 

Total x 1. x 2. x.3 . . . X m. X . 

16 
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AS.4 Prepare an ANOVA table (tableA.17) using table A.15 and tableA.16, according to the calculations 
in A.5.5. 

Table A.17 

Source of Variation 
Degrees of freedom 

DF 

Between media (M) n1 - 1 

Within replicates (S) s - 1 

Interaction (M x S) (n7 - 1) (s - 1) 

Remainder (error) m.F(k - 1 ) 

Total r?lsk - 1 

1) Calculations shown in Example 3 (A.5.5). 

Sum of squares 

SS) 

Mean Square 

MS 

Value of test 
statistic 

F ‘) 

M/(uI - 1) 

S/(.r - 1) 

l/(nz - 1) (.Y - 1) 

R Rlnis(k - 1) 
~--- ------.----I --- 

E 

M 

S 

1 

A.5.5 Calculate the correction term, CT, from the qrand total and the total number of observations as follows: L 

CT (x---)2 -- - 
msk 

The treatment sum of squares, 7‘, is calculated from the entries in table A.16 as follows: 

T Kl.~2 + V,2J2 + l -’ + (xs”J2 
- 
- 

k 
- CP 

The suspensions sum of squares, S, is obtained from the row totals table A.16 as follows: 

7 
OW2 + (x2..J2 + -*’ + ix,..)2 L =- -- 

km 
CT 

The methods sum of squares, hrl, is calculated from the column totals table A.16 as follows: 

n-4 (‘.,j2 + (x.,.)2 + *” + (‘.,j2 - -- - - 
ks 

C-,- 

The interaction (5’ x M) sum of squares equals 1 =I= 7’- (S -t- iis) 

The total sum of squares is calculated from table A.15 as follows: 

E = (Xl,,)2 + (Xl,2)2 + . . . + (X,,,)2 - CT 

The error sum of squares is equal to the remainder, R = k- 7’ 

EXAMPLE 3 

A two-way analysis of variance to compare UZ media using s natura1 samples and k replicate plates. 

In this example, three media are compared with two replicates. Dilutions of five natura1 samples are used as 
test suspensions. 

Arrange the colony count data as shown in tableA.15. As only method Performance is of interest, there is no 
need to convert the count data into bacterial densities using the dilution factors as multiplier. See tableA.18. 

17 
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Table A.18 
I I 

I Sample Sample Dilution Dilution 

1 10 .3 

2 2 10 -2 

3 3 10 3 10 3 

4 4 10-1 10-1 

5 lO- 3 lO- 3 

Medium 

A B C 

11 32 45 

16 20 33 
--- 

13 35 27 

6 39 38 
- 

14 26 52 

18 30 54 

51 55 100 

53 54 96 
-- 

25 65 85 

23 84 57 

Transform the data into logarithms (to base 10 in this example). See table A.19. 

Table A.19 

Sample 
A 

Medium 

B C 

1 
1,041 1,505 1,653 

1,204 1,301 1,519 

2 
1,114 1,544 1,431 

0,778 1,591 1,580 

3 
1,146 1,415 1,716 

i,255 1,477 1,732 
~-- - -. 

4 
1,708 1,740 2,000 

1,724 1,732 1,982 

5 
1,398 1,813 1,929 

1,362 1,924 1,756 

Total number of observations, msk = 3 x 5 x 2 = 30. 

Calculate the total sum of observations as follows: 

X . . . = 1,041 + 1,204 + . . . + 1,756 = 46,070 

and the correction term as follows: 

cT OW2 
- - = (46,070)2/30 = 70,7482 - 

msk 

18 
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