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REVIEW OF TEST METHODS AND CRITERIA FOR ASSESSING TASTE AND 
OFF-TASTE 

i 

EXECUTIVE SUMMARY

OBJECTIVES 

To review and critically appraise available test methods for assessing the taste and off-
taste in drinking water and where possible propose alternatives or new technologies 
which may be applicable. 

REASONS 

Taste and odour problems in drinking water present a difficult customer relations 
problem for water companies. A clear evaluation of the nature of a taste and odour 
problem in drinking water represents the first step to treatment and control measures. 
However, there are particular problems associated with the application of  qualitative and 
quantitative sensory methods to assess taste and odour in drinking water.  

CONCLUSIONS 
 
Taste and odour assessment using sensory methods is apparently a basic and simple test 
which consumers can do themselves. However, it is essentially a subjective assessment 
which has considerable uncertainty. Published standard methods for the assessment of 
tastes and odours in drinking water suffer from methodological and interpretational 
problems and there are significant practical and resourcing problems associated with 
applying some methods, including the European Standard method, which has received 
criticism.  
 
The SCA and CEN methods are not per se methods for investigating the causes of tastes 
and odours but provide a means of assessing compliance with regulatory standards based 
on the response of panellists to tastes and odours in samples and diluted samples with 
respect to reference samples. The use of quantitative taste and odour measurements using 
threshold numbers are the main means of assessing compliance with regulations and 
should not be expected to necessarily be of value in dealing with customer complaints. 
Whilst threshold odour or taste (flavour) numbers are a useful method for obtaining 
information on taste or odour thresholds for specific chemicals, when applied in the SCA 
and CEN methods they simply provide a subjective assessment of the presence or 
absence of a flavour or odour to panellists. They do not provide specific information 
relating to the causes of any tastes or odours detected and cannot distinguish between 
effects caused by single chemicals or by mixtures of different chemicals. Although 
sensory tests based on threshold measurements are often referred to as ‘quantitative’, 
they should really be regarded as being ‘semi-quantitative’, particularly as the nature of 
the organoleptic chemicals is usually unknown. Despite the limitations of the threshold 
approach it can be applied as a relative measure by treatment plant operators to monitor 
changes in water quality. 
 
Taste and odour tests used in the USA adopts a higher sample testing temperature than in 
the CEN and SCA methods. Whilst a move to revise the SCA or CEN methods to 
incorporate a higher test temperature may intuitively appear to lead to increased method 
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sensitivity, this requires further investigation. There is a need to evaluate how a change 
in test temperature influences vapour phase concentrations for a range of relevant 
odourous chemicals which may have widely differing physicochemical properties. There 
does not appear to be any background literature which demonstrates the actual benefits 
that a higher test temperature provides. A decision to recommend a revision of current 
test method temperatures should be based on an objective comparison of practical vapour 
pressure improvements with sensory detection errors. This would establish whether any 
real practical improvements result from increases in CEN or SCA test method 
temperatures. 
 
The Drinking Water Directive, Annex A, Part C, states that the taste and odour of 
drinking water should be “acceptable to consumers and subject to no abnormal change”. 
However, the threshold tests used for compliance monitoring are non-specific, semi-
quantitative and essentially subjective. These inherents weaknesses, coupled with the 
lack of definition regarding what is acceptable to consumers undermines the validity of 
taste and odour compliance monitoring. 
 
Threshold measurements do not take account of the offensiveness of tastes or odours or 
of the fact that different chemicals may have different dose responses, that these are non- 
linear and that different panellists may have widely differing personal sensitivities to 
chemicals. The inherent lack of precision in sample screening using threshold numbers 
limits their utility. Furthermore, the fact that compliance with statutory regulations is 
possible if 50% of the panellists cannot perceive a taste or odour in a sample diluted with 
three volumes of reference water is unlikely to reassure consumers, particularly if they 
fall within the more sensitive 50% of the population.  
 
Consequently, compliance with the requirements of threshold tests does not necessarily 
provide guarantees that customers will not find drinking water unobjectionable in terms 
of taste and odour. 
 
Some investigation as to how standard methods cope in practice with a wide range of 
substances which cause tastes or odours, particularly volatile chemicals, is required. 
Also, there is a need to incorporate a satisfactory protocol to select and ‘calibrate’ the 
sensitivity of panellists and to monitor their performance within current standard 
threshold methods. Addressing this may reduce some of the subjectivity of the methods. 
At present there do not appear to be any better sensory methods available to measure the 
compliance with dilution-based regulatory limits. There is certainly scope for 
investigating to what extent meeting a ‘quantitative’ standard for taste and odour actually 
ensures meeting consumers perceptions of acceptability and what proportion of the 
population are likely to be satisfied. 

In order to investigate the sources of taste and odour problems in drinking water and to 
identify the chemical or microbiological causes more elaborate methods such as Flavour 
Profile Analysis and analytical screening need to be considered. The output of such 
testing is useful for process development and long-term monitoring of supplies with taste 
and odour problems and the results may be correlated with analyses of traces of organic 
chemicals in water samples. However, the results of FPA cannot  be readily interpreted 
for the purposes of assessing regulatory compliance. Also these approaches involve 
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considerable investment in resources, training and expertise and are normally only 
considered when major taste and odour incidents occur. 

Generic guidance is given in the Blue Book and European standards for the selection of 
assessment panellists and variation in sensitivity over time is recognised as a source of 
error. However,  it would be useful to consider the utility of including positive control 
samples into testing regimes using known concentrations of organoleptic chemicals to 
get some measure of variation in panellist sensitivities within batch and between test 
sessions. 
 
It is important to note that data on water quality from the Drinking Water Inspectorate 
indicates that a very small number of water samples collected from consumers taps fail 
to comply with the regulatory dilution number. In apparent contrast to these data is the 
proportion of consumer complaints received by DWI which are attributed to taste or 
odour problems (33% of 281 complaints received). Obviously, the main criteria available 
to consumers judging the quality of drinking water are visual or sensory and it is in this 
way that most complaints are recognised and reported. However, the extensive 
application of point of use devices by consumers suggests that current taste and odour 
compliance testing may not actually be a representative measure of acceptability of water 
to consumers. 
 
The introduction of secondary maximum contaminant levels (SMCLs) in the USA based 
on aesthetic effects was intended to ensure that drinking water was of a satisfactory 
aesthetic quality regardless of compliance with health based limits. However there is a 
need for a definition of the relationship between threshold limits versus acceptable levels 
that are set. The cost implications associated with monitoring for a significant number of 
potential organoleptic compounds would be onerous and would be difficult to justify 
unless health based limits were also being exceeded. USEPA SMCLs currently only 
relate to inorganic parameters and the consideration of SMCLs for organic chemicals 
would need to be focused on those known to cause operational taste or odour problems. 
 
At present, technologies such as ‘electronic tongues’ and ‘electronic noses’ are unlikely 
to represent a practical alternative to human sensory screening. However, they may offer 
a potential means of detecting changes in overall water ‘quality’ without giving 
information on concentrations of individual chemical species. 
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1. INTRODUCTION 

A clear evaluation of the nature of taste and odour problems in drinking water is the first 
step towards their control and treatment. However, taste and odour assessment methods 
provide mainly subjective assessments which can lead to methodological and 
interpretational problems and results have considerable uncertainty attached to them. 
Taste and odour are not precisely definable characteristics and any numerical value 
obtained is very dependent on the assessment method used. There are a variety of 
methods used in the UK, Europe and the USA and there will be differences in results 
produced by each. Whilst a CEN Task Group TC230 has produced a ‘harmonised’ 
standard method (published as BS EN 1622:1997) for the assessment of taste and odour 
in drinking water with the aim of producing comparable results, this method  received 
considerable criticism from U.K. experts prior to publication and more recently French 
laboratories have requested revisions to make the method more practicable. The 
following sections discuss the nature of sensory screening methods and discuss the pros 
and cons of currently available approaches. 
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2. THE MECHANISM OF TASTE AND ODOUR 
SENSATION 

Odours are detected by a small area of yellow/brown receptor cells located in the roof of 
the nose. Millions of nerve endings in this area have at their tips several fine cilia-like 
hairs, which are thought to contain the olfactory receptors with which molecules of 
odorous chemicals interact.  One unique property of olfactory receptor neurons is that 
they can regenerate following damage by infection or by toxic substances (Holley 1999). 
In odour evaluations it is necessary for a substance to be volatile enough to reach the air 
near the sensory area and to be at least partly soluble in the mucous covering the 
olfactory receptors (McNamara and Danker 1968). The first stage of odour perception 
involves the detection of odorous molecules by the receptor neurons and this is followed 
by transduction of the response into an electrical signal. Very little is currently known 
about the molecular properties which are responsible for the selective binding of a 
particular odourant to a specific type of receptor. However, there are many types of 
receptor molecules , with narrow or broad spectrums of selectivity (Holley 1999). 

Amoore (1986) observed that different individuals can demonstrate a wide variation in 
olfactory sensitivity and that in some cases “smell-blindness” (anosmia) can mean that 
some individuals are incapable of detecting certain odours that are clearly perceptible, or 
even unacceptable to the general population. Conversely, some individuals can exhibit 
hypernosmia, the opposite of anosmia, showing considerably greater sensitivity to 
odours than the general population. Amoore (1986) refers to several unproven examples 
of odour sensitivities of 3 orders of magnitude higher above the mean for a population. 
This clearly illustrates the possibility that some highly sensitive consumers may 
recognise certain specific odours in drinking water that are not detected by water 
company testing panellists. 

The sense of taste is detected by receptors (taste buds) mainly located on the upper 
surface of the tongue. There are four classic tastes. 

Table 2.1 Basic Taste Descriptors 

Taste Location of Taste Buds Typical Substances Causing 
Taste 

Sourness (acidity) 

Sweetness 

Saltiness 

Bitterness 

Sides of tongue 

Tip of tongue 

Tip, sides and back 

Back of tongue 

Hydrogen ions from acids 

Sugar, lead salts 

Inorganic salts 

Alkaloids such as caffeine, 
quinine, nicotine, brucine 
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The above table gives a simplified picture of the main taste factors. In general although 
hydrogen ions are the main cause of sourness, organic acids are more sour than inorganic 
acids. Saltiness is produced by cations only sodium has a purely slat taste and 
magnesium and potassium have bitter notes as well. McNamara and Danker (1968) 
reported the following list of intensities of taste for cations : 

NH4
+>K+>Ca2+>Na+>Li+>Mg2+ 

Saliva contains a mixture of anions and cations which the gustatory senses are 
accustomed and ignores as neutral or ‘tasteless’. The ionic strength of saliva is 
equivalent to between 0.04-0.1M potassium chloride, incorporating the ions sodium, 
potassium, calcium, magnesium, chloride, hydrogencarbonate, phosphate and 
thiocyanate (Mallevialle and Suffet 1987; Table 2.2). ‘Pure’ water, distilled or deionised 
waters are not necessarily without taste, and would probably be described as undrinkable 
by most individuals. Mallevialle and Suffet (1987) have observed that an intense and 
persistent bitter taste can be generated by a continuous flow of pure water over the 
tongue. This is probably caused by the rinsing of mucoid substances that fill the pores in 
the taste buds. A practical solution to this problem during taste tests is to conduct them 
on a discontinuous basis. Because of its composition in relation to saliva all ‘normal’ 
water tastes ‘negatively saline’. 

Table 2.2 Main ionic constituents of saliva (Ferguson 1975) 

Ion Mean Concentration mg l-1 Concentration range mg l-1 

Sodium, Na+ 

Chloride, Cl- 

Calcium, Ca 2+ 

Magnesium, Mg 2+ 

Bicarbonate, HCO3
- 

300 

525 

58 

10 

305 

78-600 

- 

24-110 

7-14 

- 

 

An individuals perception of flavours and odours are subject to fatigue and adaptation 
and receptors screen out stimulants that are present for a long time. This fact presumably 
enables experts, such as wine tasters, to drill down through the components of the 
flavour of a sample, and also enables individuals to ignore their own perfumes and body 
odours. 

In theory the strength of sensation generated by an odour can be linked to its 
concentration in the atmosphere. Two expressions used to relate sensation to 
concentration are Steven’s Law and the Weber-Fechner Law: 
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Steven’s Law S = kCn 

Weber-Fechner Law S = k log C 

Where S = strength of odour sensation, C = concentration of odorant, n varies with 
substance and k is a constant dependent on the substance and the individual. Tomita et al 
(1988) found that the Steven’s Law method provided a more satisfactory representation 
of the relationship between threshold odour number and concentration of geosmin and 2-
methylisoborneol (MIB) in drinking water. 
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3. TASTE AND ODOUR ASSESSMENT OF DRINKING 
WATER USING SENSORY SCREENING TESTS 

Screening tests, including those designed specifically for the assessment of drinking 
water samples for taste and odour are intended to provide a simple decision (pass/fail) or 
response (yes/no) to a binary question. In the context of taste and odour assessment, 
screening tests can be devised to provide answers to questions such as: 

1. Is the taste or odour of the sample within the range (normally a dilution range) 
permitted by water quality regulations ? 

2. Does the sample require additional assessment or should it be excluded from further 
testing ? 

The taste or odour intensity of a water sample is generally measured by diluting it with 
successively greater quantities of reference water (i.e. water without taste or odour). 
When the diluted sample cannot be distinguished from reference water (further dilutions 
cause no change), the threshold concentration for the taste or odour has been reached. 

The results of such tests can be reported in three basically different ways which are all 
calculated from the proportion of the original sample in the test sample considered to 
contain the threshold concentration of the stimulant. The three different ways are known 
as the Threshold Number, Dilution Number and Intensity Index. 

Threshold number  

The following definitions apply: 

Threshold odour number (TON) is the dilution ratio beyond which the diluted sample 
does not have a perceptible odour. 

TON = A + B 
                 A 

 

Threshold Flavour Number (TFN) is the dilution ratio beyond which the diluted sample 
does not have a perceptible flavour. 

TFN = A + B 
               A 

And where: 

A is the volume of a sample 

B is the volume of reference water used for the dilution 
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Thus (A + B) is the total volume of sample containing the least perceptible amount of the 
original sample and the concentration of whatever is causing the taste or odour is the 
concentration in the original sample divided by TFN or TON. A sample which has no 
taste or odouror is itself the threshold sample has a TFN or TON of 1. 

Dilution number 

Dilution Number (DN) is defined as follows: 

DN = B/A 

Where A = volume of original sample and B = volume of diluent 

The Dilution Number scale appeared to have been introduced when the UK Regulations 
were in preparation. The view was taken that the Guide Level of zero in the EC Directive 
could only refer to the undiluted sample and therefore the rest of the scale must be 
derived from this fixed point. In France, Germany and the Netherlands compliance 
results are reported in terms of threshold numbers. If undiluted samples without taste or 
odour are found laboratories may express the result as TN<1. An advantage of the TN 
scale with a minimum value of 1 is that it has a simple relationship to the concentrations 
of contaminants in the original sample i.e. TN = original concentration/diluted 
concentration . Another advantage is that a geometric mean can be calculated from the 
TN results from a panel of testers, which is not possible if the results contain a zero. The 
Water Supply (Water Quality) Regulations specify a parametric value expressed as a 
dilution number of 3 (at 25oC), which is equivalent to a threshold number of 4. 

Thus the concentration of whatever is causing the taste or odour is the concentration in 
the original sample divided by (DN + 1). It follows that DN = TN –1. A sample which 
has no taste or odour or is itself the threshold sample has a DN of 0. 

Intensity Index (II) 

Intensity index (II) = n 

Where the fraction of original sample in the threshold sample = 1/2n 

For a sample with no taste or odour or which is itself the threshold n = 0 i.e. 1/20 = 1 
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4. SPECIFIC TEST PROCEDURES 

In this section specific test procedures for assessing taste and odour are reviewed 
followed by an overview which summarises the main advantages and limitations 
associated with the techniques. 

4.1 Standing Committee of Analysts – ‘Blue Book’ Method – 
Determination of Taste and Odour in Potable Waters (1994) 

This method is generally used by water utilities in the U.K. to assess compliance with the 
requirements of the Water Supply (Water Quality) Regulations with respect to taste and 
odour. The method applies to drinking water (not materials used in contact with water) 
and a procedure for dechlorination is given. Stages one and two of the procedure are an 
initial screening and intermediate screening designed to identify samples with little or no 
taste or odour which it is necessary to subject to the full stage three quantitative 
ascending-descending triangle test. The tests are carried out by three panellists drawn 
from a pool of at least twelve individuals.  

Stage 1 – a panel of at least three individuals tests up to ten different undiluted samples 
in one session. Reference waters consisting of borehole water or possibly activated 
carbon-treated water are included with the test samples. Panellists are asked to identify if 
any of the test samples or reference waters have a taste or odour (samples are not 
identified to the panellists). If a sample is found to have no taste or odour by at least 60% 
(e.g. 2 out of 3)  of the panellists it is assigned the threshold number (TON or TTN) of 1 
(equivalent to DN = 0) and it is not tested further. If fewer that 60% of panellists identify 
a sample as being free of a taste or odour then that sample has to undergo stage 2 or 3 
testing. Results are only valid if the reference samples are identified as being free from 
taste or odour on at least 60% of the times they are presented. 

Stage 2 – a two-to-one dilution (TN=3, DN=2) of a sample is tested by a panel of at least 
3 persons. The diluted sample is presented twice with two reference waters and panellists 
are asked to identify any difference between any of the three samples in each set. If the 
test sample is not identified by the panellists then it is assigned TN of <3 (DN<2). If at 
least one panellist identifies the test dilution both times or at least 40% of the panellists 
correctly identify the sample at least once then the sample has to tested using the stage 3 
procedure.  

Stage 3 (Ascending’descending triangle test) – a series of dilutions equivalent to TNs of 
1,2,4,6,8 and 10 is prepared. Panellists are presented with TN = 4 dilutions and reference 
samples. If the panellist cannot identify a difference between any samples or makes an 
incorrect identification (i.e. reference water) the procedure is repeated with the sample 
with the next lower TN value (i.e. initially TN 4-1). If the panellist identifies a test 
sample as having a taste odour the procedure is repeated with a sample with the next 
higher TN (i.e. for the initial TN =4 test this would be TN =3). The outcome is reached 
when the either a sample has been identified twice at a TN but has failed to be identified 
once at the next higher TN, or a sample has failed to be identified twice at a TN but has 
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been identified once at the next lower TN. The outcome is the mean of the two TNs. If 
sample with a TN10 dilution is identified as having a taste or odour then further dilutions 
have to be prepared. The pooled results of the panellists are presented as a geometric 
mean of the individual results and the mean is rounded off to a whole number. 

Four examples of outcomes: 

a)  4(N)*           2(Y)*          4(N)*                                                       Result = 3 

b)  4(N)*           2(N)            1(Y)            2(Y)*          4(N)*                Result = 3 

c)  4(Y)*           6(N)*          4(Y*)                  Result = 5 

d)  4(N)             2(Y)            4(Y)*          6(N)*         4(Y)*               Result = 5 

where N = incorrect or no identification, Y = correct identification, and asterisked 
answers defining the result. Examples b) and d) give different decisions about one 
dilution when presented on different position in the sequence but if this dilution is close 
to the “correct” answer this would be expected. 

The SCA method also includes reference to the use of smell bells for screening water at 
water treatment works. Such devices allow a hot spray of drinking water(60oC) to be 
subjectively and non-quantitatively screened for malodour. The outcome from such 
screening provides odour descriptors which may help to detect potential problems 
resulting during treatment or in source waters. Because of the location of the equipment 
any effects on taste and odour caused by the distribution system are not observable. 

4.2 European Standard EN 1622:1997 

EN1622: 1997 is a standard procedure published by the European Committee for 
Standardization (CEN) for the Determination of the threshold odour number (TON) and 
threshold flavour number (TFN) of waters. The method is suitable for application to 
testing either drinking water and/or leachate waters from materials used in contact with 
drinking water. The method is essentially a sensory test based on the evaluation of tastes 
and odours by assessors or panellists who evaluate the odour or flavour of water samples 
by comparison with reference water. Samples can be assessed using either a ‘forced 
choice method’ or an ‘unforced method’. In the forced method even if the selected 
assessor is unable to perceive a difference between two or three samples, the assessor 
must select one sample as having greater flavour or odour. The individual results are then 
incorporated into a statistical evaluation with results from the other selected assessors.  

Short method 

This method is a quick screen method to gauge compliance with a TN of interest using 
one dilution. Tests can be carried out using either a triangular or paired test using 2 
references and one sample (or a dilution of it), or 1 reference and a sample (or a dilution 
of it) respectively. In the triangular test the panellist select which sample they perceive as 
different from the three, whilst in the paired test the panellists select which has the 
greater odour or flavour.  
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Full method 

This test is carried out to determine the threshold number for a sample. A series of a 
minimum of five sample dilutions are prepared and assessed. Triangular or paired tests 
can be carried out and TN expressed to the nearest whole number.  

The TON and TFN values reported by each assessor  are screened and are accepted if 
>=70% of assessors obtain results within 1 DN of the geometric mean of results i.e. 

TON =  n√ TON1 x TON2 x TON3 x….TONn 

TFN =  n√ TFN1 x TFN2 x TFN3 x….TFNn 

Where TFNn and TONn are the results from the nth assessor. 

The results are presented as > or < the TN of interest. 

Table 4.1 Calculations of results for TFN and TON 

Selected assessor Threshold number (TON or 
TFN) 

Within one dilution number 
of the geometric mean 
(Yes/No) 

1 

2 

and so on…… 

TON1,TFN1 

TON2, TFN2 

? 

? 

 

In the forced method, in which eight assessors are used, the test panel results are 
corrected to take account of those results obtained by chance. In order to do this the 
following equation is used: 

S  =      X – Y       x 100 

           100- Y 

where S is the % of answers corrected for chance 

X is the % of correct answers identifying the sample at a given dilution 

Y is the % of answers expected by chance (50% for the paired test and 33% for the 
triangle test). A ‘correct’ answer is obtained when the selected assessor successfully 
identifies the dilution and only the test co-ordinator knows which glasses or flasks 
contain the sample and the reference water. 

The threshold number is the dilution at which S = 50%. 
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Comments on EN 1622:1997 

The National forward in the British Standard version of EN 1622: 1997 includes a 
forward which refers to the UK submission of a vote of disapproval on the final voting 
stage of the draft EN. The substance of this disapproval related to the main procedural 
clause 10, which was regarded as “unclear in structure, confusing and almost impossible 
to follow to a user who is not already familiar with the test. This is not helped by the 
multiplicity of methods presented in the procedural clause thereby making any truly 
international comparison virtually impossible”. 

More recently, specific concerns about EN 1622 have been raised by French laboratories 
via AFNOR in July 2001. The concerns relate to difficulties in applying EN 1622 to 
determine TFN and TON values because the methods are regarded as too complex to be 
practicable. 

In conclusion, reported criticisms of EN 1622 in its existing form suggest that some users 
would prefer a test with fewer sample dilution requirements. An example of the 
practicalities of performing the tests in accordance with the full EN 1622 method 
(section 10.3) for one sample is presented in Table 4.2. 

Table 4.2 Example of assessor and glassware resources required by EN 1622 for 
different methods for the assessment of one water sample 

Method Paired test Triangle test 

Unforced choice 
(minimum 3 assessors) 

3 assessors x 5 dilutions x 
2 (paired test) x 2 (TON 
and TFN) = 30 flasks and 
30 glasses 

3 assessors x 5 dilutions x 
3 (triangle) test x 2 (TON 
and TFN) = 45 flasks and 
45 glasses 

Forced choice (minimum 
eight assessors) 

8 assessors x 5 dilutions x 
2 (paired test) x 2 (TON 
and TFN) = 80 flasks and 
80 glasses 

8 assessors x 5 dilutions x 
3 (triangle test) x 2 (TON 
and TFN) = 120 flasks and 
120 glasses 

 

It is clear from the information shown in Table 4.2 that apparently simple practical 
considerations such as glassware preparation represent a significant aspect of the testing 
requirements and could be regarded as onerous if multiple samples or complex taste and 
odour surveys were being considered or if the methods were applied in incident 
investigations.  

It has been suggested by French laboratories that the following changes to EN1622 
should be considered by CEN TC230 : 
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1. Reduction in the number of dilutions from 5 to 3 

2. To use one series of large containers for TON and TFN for all assessors (and not one 
series for each assessor) and for each panellist to take a sample from the large 
containers. 

3. Use of reference water for both TON and TFN. 

However, bearing in mind the inherent variability and uncertainties that exist with such 
sensory methods such a proposal to reduce the number of sample dilutions could 
represent a further weakening of the utility of EN1622 for assessments of odour and 
flavour in drinking water.  

One aspect which was not raised by the French laboratories but which could also present 
significant practical difficulties is the preparation of large numbers of samples at a 
controlled temperature (25oC) prior to assessment. However, this aspect can be addressed 
if laboratories  

4.3 US APHA/AWWA/WPCF Standard Methods for the 
Examination of Water and wastewater : 2150 Odour and 2160 
Taste 

2150B : Threshold Odour Taste 

This test is recommended for the testing of drinking waters for odours and differs 
significantly from the SCA and EN 1622 methods in that tests are carried out at the 
higher temperature of 60oC. If it is thought that the sample contains very volatile 
substances then testing at 40oC is recommended. The sample dilution scale used for this 
test represents about a 30% decrease in sample concentration between successive 
dilutions which is a finer resolution than is specified in most other methods.  

Sample volumes diluted to 200ml and corresponding TON: 

Vol 

ml 

200 140 100 70 50 35 25 17 12 8.3 5.7 4 2.8 2 1.4 1 

TON 1 1.4 2 3 4 6 8 12 17 24 35 50 70 100 140 200 

 

The test administrator makes an initial assessment of the odour of the sample by sniffing 
dilutions corresponding to TONs of 1,4,17 and 70. The test series prepared for 
presentation to the panellists is the dilution for which the administrator found an odour 
plus the four adjacent lower dilutions and three adjacent more concentrated solutions. 
The test samples are presented to the panellists in ascending order of concentration with 
blanks inserted in the series. The threshold number recorded for each panellist is the 
most dilute sample in which they detected an odour provided that they also detected an 
odour in successive less dilute samples of the series. The method recommends using the 
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geometric mean or the ‘most appropriate statistical methods’ to calculate the most 
probable average threshold from a large number of panellists results, although the latter 
are not specified. 

2160B : Flavour Threshold Test 

This method determines a Flavour Threshold Number (FTN) which is the same as the 
Threshold Flavour Number (TFN) referred to in the SCA and EN methods. The 
following dilution series is used, although it is not clear why the initial dilutions differ 
from that used for the 2150B : Threshold Odour Taste. 

Sample volumes diluted to 200ml and corresponding FTN: 

Vol 

ml 

200 100 70 50 35 25 17 12 8 6 4 3 2 1 

FTN 1 2 3 4 6 8 12 17 25 35 50 70 100 200 

 

The flavour assessment samples are maintained at 15oC prior to testing, although a 
higher temperature can be used if the sample is from a distribution system where the 
temperature is higher. The method specifies use of five or more panellists for ‘precise’ 
work, although it is not made clear what level of precision is expected. Samples are 
tested in ascending order of concentration with a blank for comparison with each. A 
preliminary assessment of the threshold is obtained by testing four dilutions with FTNs 
of 1, 4, 17 and 50. If no flavour is detected in the most dilute sample, the next highest 
concentration is tested until a flavour is clearly detected. Based on the results of the 
preliminary test, a set of seven dilutions are prepared and presented in order of increasing 
concentration. In the case were apparently anomalous responses are recorded (e.g. if a 
lower concentration is reported positive and a higher negative) then the correct threshold 
should be the lowest concentration after which no further anomalies occur in the series. 
The method suggests that the mean and standard deviation of the FTNs should be 
calculated if the distribution is reasonably symmetrical. However, no definition of 
reasonably symmetrical is provided. 

4.4 The ‘up’ and ‘down’ method 

This method has been applied by French laboratories to allow testers to assess the taste 
of water on a ‘self-service’ basis in water treatment works (Levi and Jestin, 1988; Jestin 
and Levi, 1986). Water samples are provided by an automaton . Samples are presented to 
the tester in pairs, one being the sample and one the reference, and the tester is asked to 
identify if there is any perceptible taste in either sample. If the test water is identified as 
having a stronger taste it is diluted by half and presented again with the reference sample. 
The process continues until the tester decides that the reference sample has the stronger 
taste. Three more pairs of test sample dilutions and reference samples are assessed but if 
the tester has decided that the reference sample has the stronger taste the test dilution 
goes back up the scale one step. The method uses ‘up-and-down’ statistics to determine 
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the testers threshold for the test sample. The threshold value is given by the following 
relationship: 

Threshold value  =  1/10(x – kd) 

Where x = log of the last dilution presented 

K = constant from Dixon and Massey (1983) 

D = log (dilution interval) = log 2 = 0.30 

It has been suggested that the above procedure does not have good resolution except at 
high dilution numbers which may reduce its utility for compliance measurements. 

4.5 BS 6920-1: 2000 Part 2.2. Suitability of non-metallic products 
for use in contact with water intended for human consumption 
with regard to their effect on the quality of water 

The testing described in this standard is designed to determine whether a non-metallic 
product intended for use in contact with water for human consumption is likely to impart 
any flavour and odour. Panellists are selected on the basis of a preference for the 
reference water and that they do not distinguish any taste between duplicate samples of 
the same water. During the test, water samples which are effectively leachates of the test 
sample (e.g. pipe sections, O rings, fittings etc) are tested at dilutions equivalent to TNs 
of 2 and 4 starting with the most dilute sample. Tests are carried out at 25oC. A 
significant difference between BS6920 and the Blue Book and European Standard 
methods is that the identity of the reference water is known to the panellists. Panellists 
are asked to report if they can perceive any difference in flavour or odour between the 
reference sample and dilutions of the leachate. They are also asked to provide a 
descriptor for any flavour or odour detected. Leachates are prepared by immersing 
products in test water for 24hrs and then diluting and testing samples using a minimum 
of three panellists. If an odour or flavour is detected the same sample is immersed for a 
further six sequential extraction periods using fresh water for each period. The water for 
the final period is then diluted and assessed for any discernible flavour or odour. 

In terms of assessment outcomes the BS6920 flavour and odour tests are essentially 
subject to the same sources of error and uncertainty as apply to the EN 1622 and the Blue 
Book method. However, although the results from BS6920 are used to assess products 
suitability for use in contact with drinking water the surface area to volume ratios used in 
the tests are stringent and even if products did introduce residues of organoleptic 
compounds into water for supply these residues are likely to be diluted to much lower 
levels in water for supply. 
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4.6 Taste Methods used in Australia and New Zealand AS/NZS 
4020:1999 

The Australian/New Zealand Standard AS/NZS 4020:1999 specifies requirements for the 
suitability of products for use in contact with drinking water with regard to their effect on 
the quality of water. The test method is based on the 1996 version of the BS6920 method 
and incorporates a taste assessment but no odour assessment.  It is solely designed to 
assess the ability of a product or material to impart a discernible taste to drinking water 
and is not intended for operational taste incident investigation. Taste tests are carried out 
on an initial 24 hour extract. If no taste is reported the test is halted and the product or 
material complies. If a taste is reported sequential extraction is carried out for seven time 
periods (over nine days) and a second taste test is performed. If no taste is reported the 
product or material complies with the standard. Panellists taste diluted extracts and blank 
samples at a water temperature of 20 +2°C. The results of the test are expressed in terms 
of the taste descriptors reported by the panellists and the threshold dilution number. 

4.7 Flavour Rating Assessment 

This approach has been used to try and provide information about trends in water quality 
and to estimate acceotability for daily consumption (Zoeteman 1980, chapter 2; De Greef 
et al 1983). The method has been used in laboratories and in consumer surveys to 
recommend standards governing mineral content of drinking water in the USA (Franson 
et al. 1995). Testers are presented with a list of nine statements about the water ranging 
on a scale from very favourable to unfavourable. The individual rating is the integer 
number of the statement selected. Survey data can be expressed as the median or 
geometric mean of the individual ratings. 

The purely descriptive phrases given in the APHA / AWWA / WEF method 2160 C 
‘Flavour Rating Assessment’ (FRA) are: 

1. I would be very happy to accept this water as my everyday drinking water 

2. I would be happy to accept this water as my everyday drinking water  

3. I am sure that I could accept this water as my everyday drinking water  

4. I could accept this water as my everyday drinking water 

5. May be I could accept this water as my everyday drinking water 

6. I don’t think I could accept this water as my everyday drinking water  

7. I could not accept this water as my everyday drinking water  

8. I could never drink this water 

9. I can’t stand this water in my mouth and I could never drink it 
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The above phrases are assigned numerical scores and are then used to provide overall 
assessments of quality over a period of time to identify trends. One advantage of this 
method is that it relates to undiluted samples thereby avoiding problems relating to 
reference waters and it produces numerical results which are less likely to be over-
interpreted than threshold numbers. Also judgements are more likely to be 
understandable to consumers. 

4.8 Flavour Profile Analysis (FPA) 

Flavour Profile Analysis (FPA) is a more complex method derived from procedures used 
in the food and cosmetics industry to detect and control subtle changes in the taste and 
odour of products. FPA does not use threshold measurements but uses a trained panel to 
test samples for the strength of a variety of descriptors or ‘notes’ in the sample. The aim 
is for the panel to get a good degree of agreement about all the taste and odour 
components in the sample and then, if more than 50% of the panel agree that a note is 
present, to give an average intensity value for each descriptor. The intensity scale is 
generally a seven point arbitrary scale running from threshold to strong with numbers 
assigned to intensity descriptions. The technique has been used for the investigation of 
long-term problems and for optimising the design of treatment works. However, there is 
a requirement for considerable investment in training to provide at least four panellists 
for each test session.  
 
The classification of tastes and odours recognised in drinking waters by category in a 
flavour wheel was proposed in 1986 by the Taste and Odour Committee of the 
International Association on Water Pollution Research and Control (IAWPRC; 
Mallevialle and Suffet 1987). The intention of this approach was to provide a consistent 
terminology for the description of taste odours. Although there are four gustatory taste 
sensations, namely sour, salty, sweet and bitter, there is a large number of specific 
chemicals that may cause these responses. A summary of a range of specific chemicals is 
presented in Rogers (2001). More complex flavour wheels have been applied for taste 
and odour identification in the wine and beer industry, however the wheel shown in 
Annex A. 
 
The APHA/AWWA/WEF Method 2170B ‘ Flavour Profile Analysis’ is one documented 
approach. Panellists must be able to detect and recognise various odour and flavours and 
the reliability of results depend on the training and experience of the panellists. Initially 
panellists record their perceptions without discussion. After each individual has made an 
independent assessment of a sample the panel discusses it’s findings and reaches a 
consensus. Sometimes panellists detect an aroma that they cannot describe, however, 
during the discussions they may identify another panellists description and concur. A 
taste or odour is judged according to the following scale: 
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-  odour free 
T - threshold 
2 - very weak 
4  - weak 
6 
8  - moderate 

10 

12 - strong 

The average of the whole panels assessment is effectively a profile or multi-dimensional 
fingerprint. The output of such testing is useful for process development and long-term 
monitoring of supplies with taste and odour problems and the results may be correlated 
with analyses of traces of organic chemicals in water samples. The results of FPA cannot 
however be readily interpreted for the purposes of assessing regulatory compliance. 

In order to provide a guide for qualitative descriptions a series of aroma reference 
standards are given in the APHA standard procedure (Table  4.3). These are intended to 
aid panellists in coming to agreement on the description of specific odours. 

Table 4.3 Qualitative odour references from the APHA method 2170 

Compound Test concentration APHA method 
descriptor 

Benzaldehyde 1 mg l-1 Sweet almond 

Chlorine Range found in drinking 
water 

chlorine 

Cumene 
(isopropylbenzene) 

100 µg l-1 Shoe polish 

Diphenyl ether  100 µg l-1 geranium 

1-dodecanol (lauryl 
alcohol) 

2.5 mg l-1 Liquid dishwashing 
detergent 

Eucalyptol (cineole) 200 µg l-1 Vick 

Geosmin (1,10-dimethyl-
9-decalol) 

300 ng l-1 Earthy 

Heptanal 100 µg l-1 Rancid walnut oil 

Hexanal 200 µg l-1 Lettuce heart 
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Compound Test concentration APHA method 
descriptor 

2-Heptanone 500 µg l-1 Sweet banana 

Cis-3-hexen-1-ol 500 µg l-1 Fresh grass 

d-limonene 2 mg l-1 citrus 

2-methyl-isoborneol 
(MIB) 

200 ng l-1 musty 

Methyl methacrylate 1.5 mg l-1 plastic 

Trans-2-nonenal 200 µg l-1 cucumber 

Styrene 500 µg l-1 Model airplane glue 

m-xylene 200 µg l-1 Sweet organic chemical 

Cloves 3 buds in 200 ml cloves 

Dried grass Refrigerated Air dry cut 
grass 

grassy 

Grass (decaying 
vegetation and septic 
aroma) 

2 g fresh grass per 200 
ml. Leave to stand. 

Decaying vegetation 
aroma in 3 days.  Septic 

aroma in 1 week. 

Decaying vegetation; 
septic 

Rubber hose Boil rubber hose in 
200ml water 

Rubber hose 

Wood shavings Sniff freshly sharpened 
pencil 

Wood shaving 

Soap  5 g/200 ml Soap 

 

The taste standards recommended in APHA method 2170 are shown in Table  4.4. 
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Table 4.4 Basic taste standards as specified in APHA 2170 

Chemical for basic 
tests 

Food or beverage 
corresponding to 
intensity 

Concentration 
% 

Intensity scale 
(1-12) 

Sweet : sugar 

 

Canned fruit 

Carbonated soda 

Syrup, jelly* 

5 

10 

15 

4W 

8M 

12S 

Sour : citric acid Fresh fruit jelly 

Carbonated sodas 

Lemon juice 

0.05 

0.1 

0.2 

4W 

8M 

12S 

Salt : sodium 
chloride 

Level in bread 

Dehydrated soup 
mix 

Soy sauce 

0.4 

0.7 

 

1 

4W 

8M 

 

12S 

Bitter:caffeine Strong coffee 

 

 

Or quinine 
hydrochloride 
dihydrate 

0.05 

0.1 

0.2 

0.001 

0.002 

0.004 

4W 

8M 

12S 

4W 

8M 

12S 

* jelly = anglicised meaning ‘jam’ 

4.9 Chemical analysis 

The primary purpose of chemical analysis in taste and odour assessments is to identify 
and quantify the chemical residue responsible for organoleptic effects. Tastes and odours 
can be caused by chemicals present at trace levels (ng l-1 to µg l-1) in a complex mixture 
of other non-organoleptic chemicals. There is considerable scope for developing 
analytical tool-kits to enable laboratories to carry out sample analysis for specific suites 
of organoleptic compounds following the identification of candidate chemicals as a result 
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of Flavour Profile Analysis. More rapid sample screening and identification of the extent 
and causes of taste and odour problems would be achieved by the use of integrating 
sample preconcentration techniques such as solid phase extraction (SPE). Solid phase 
micro-extraction (SPME-GCMS) merits further assessment as a rapid 'emergency' 
screening tool for taste and odour and other drinking water pollution incidents. There is 
considerable scope for assessing the utility of different SPME microextraction fibres for 
target suites of taste and odour compounds from both natural and anthropogenic sources. 
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5. PROBLEMS ASSOCIATED WITH PANELS 

The problems associated with establishing trained panels have been discussed by  
Mallevialle and Suffet (1987). Training panellists for Flavour Profile Analysis (FPA) 
involves considerable investment of resources and time. However, with time the 
panellists become more able to differentiate a wider range of taste and odour chemicals. 

The main problem with sensory panels are the inherent differences in sensory acuity 
among the individual panellists and the day to day variability in acuity. Individuals have 
been observed to show significantly different sensitivity to odours, with a range of 
between 100-10,000 as indicated by threshold determinations (Zoeteman 1980). 
Furthermore, an individual most sensitive to one compound may be least sensitive to 
another and a general progressive reduction in sensitivity with increasing age also occurs 
(Hughes 1969). 

This is further complicated by the inability of some individuals to smell certain odours (a 
condition known as anosmia) or conversely the high sensitivity of other individuals 
(hyposmia; Amoore 1986). Furthermore, psychological and environmental factors may 
also influence a panellists description of, or preference for a particular taste or odour (de 
Greef et al. 1983). The European Standard EN 1622:1997 also makes reference to 
significant differences in sensitivity to some odours and flavours in experiments by 
panellists in laboratories in different countries for nutritional or cultural reasons. 
However, whilst this observation appears reasonable no evidence is given to support it. 
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6. OVERVIEW OF TN APPROACHES TO TASTE AND 
ODOUR ASSESSMENT 

The methods described to obtain TN are unlikely to yield results with an accuracy or 
precision of +1 dilution number with a high degree of confidence. The reasons for the 
lack of precision are the limitations imposed by the digital reference scale and the range 
and sensitivity of individuals in a panel.  

The main deficiency with the TN method for assessing taste and odour in drinking water 
is that it gives an overall intensity rather than intensities for individual chemical 
compounds. The method provides a number that corresponds to the dilution required to 
diminish the concentration of the most readily perceived chemical to a point where it is 
barely detectable. Unfortunately, that chemical may not be the constituent that is 
responsible for an objectionable odour in the undiluted sample. In fact it is possible that a 
malodour or objectionable taste could be caused by an integrated response to a mixture 
of  chemicals present at different concentrations and with different tendencies to reach 
the olfactory sensors (i.e. different Henry’s Law constants). 

All of the above methods are in effect trying to define a sensory detection limit for an 
unknown odour or taste, caused by either one or more chemical species. It is therefore 
hardly surprising that confidence limits will be low. Amoore (1986) tested a group of 
205 individuals for odour thresholds for pyridine (which smells of scallops) and found 
that the range covering +2 standard deviations was between 0.08 and 5 µl L-1 (air). This 
represents a concentration ratio of 1:62 which corresponds in terms of threshold numbers 
to a range from 64 to 1. It is therefore understandable that a mean result for a panel can 
have very wide confidence limits. 

Although the TN method has significant limitations and can be imprecise it does provide 
a relative evaluation of the intensity of a taste or odour and has merit for the detection of 
non-regulated (non-monitored) contaminants provided they have low thresholds. Also, it 
has been used to provide an historical record of changes in a particular system. At 
present there do not appear to be any better sensory methods available to measure the 
compliance with dilution-based regulatory limits. There is certainly scope for 
investigating whether or not meeting a ‘quantitative’ standard for taste and odour 
actually ensures meeting consumers perceptions of acceptability and what proportion of 
the population are likely to find samples which comply with regulatory limits acceptable. 

Some investigation as to how standard methods cope in practice with a wide range of 
substances which cause tastes or odours, particularly volatile chemicals, is required. 
 
Also, there is a need to incorporate a satisfactory protocol to select and ‘calibrate’ the 
sensitivity of panellists and to monitor their performance within current standard 
threshold methods. Addressing this may reduce some of the subjectivity of the methods. 
 
At present there do not appear to be any better sensory methods available to measure the 
compliance with dilution-based regulatory limits. There is certainly scope for 
investigating to what extent meeting a ‘quantitative’ standard for taste and odour actually 
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ensures meeting consumers perceptions of acceptability and what proportion of the 
population are likely to be satisfied. 
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7. SECONDARY MAXIMUM CONTAMINANT LEVELS 

The introduction of secondary maximum contaminant levels (SMCLs) in the USA based 
on aesthetic effects was intended to ensure that drinking water was of a satisfactory 
aesthetic quality regardless of compliance with health based limits. The parameters 
adopted for odour and flavour control are summarised in Table 7.1, but they do not 
include specific organic chemicals with known organoleptic effects.  
 

Table 7.1 Adopted USEPA Secondary Maximum Contaminant Levels based on 
odour or flavour control (Bruvold 1992) 

Contaminant SMCL Aesthetic parameter 

   
Chloride 250 mg l-1 Flavour 
Copper 1 mg l-1 Flavour 
Iron 0.3 mg l-1 Flavour/appearance 
Manganese 0.05 mg l-1 Flavour/appearance 
Odour 3 TON Odour 
Sulphate 250 mg l-1 Flavour 
Total dissolved solids 500 mg l-1 Flavour 
Zinc 5 mg l-1 Flavour 
   
 
Bruvold (1992) identified eight organic chemicals for which the USEPA proposed 
SMCLs on the basis of their organoleptic effects, however these limits were not 
introduced (Table  7.2). This was because of uncertainties regarding the threshold values 
and  a need for a definition of the relationship between threshold limits versus the 
acceptability to consumers of any levels that are set (i.e. some compounds may be 
detected but may not be regarded as objectionable; some chemicals that are barely 
detectable might be regarded as objectionable). An illustration of this problem are 
mineral salts, which apparently have a large range between detection and 
unacceptability; however, this does necessarily apply to organic chemicals which have 
organoleptic effects. Another potential problem relates to the fact that the eight 
chemicals considered also had health related MCL limits that were higher than the 
proposed SMCLs because of their low olfactory thresholds. 
 
 Also, the cost implications associated with monitoring for a significant number of 
potential organoleptic compounds would be onerous and would difficult to justify.  
Recent concerns over the contamination of shallow groundwater sources in the USA 
with traces of highly odorous unleaded petrol oxygenates has led to the introduction of 
standards to prevent taste and odour problems in drinking water (Gullick and 
LeChevalier 2000). It is understood that the USEPA have set a health advisory level of 
20-40 µg l-1 for methyl tertiary butyl ether (MTBE) based on taste and odour which is 
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also regarded as being very protective from a health view point. The Californian 
authorities have set a lower SMCL of 5 µg l-1   for MTBE 
 

Table 7.2 Organic chemicals for which SMCLs were proposed based on odour 
thresholds  (USEPA; corresponding MCLs are health based limits) 

Contaminant MCL mg l-1 Proposed SMCL mg l-1 

   
o-dichlorobenzene 
p-dichlorobenzene 
ethylbenzene 
hexachlorocyclopentadiene 
pentachlorophenol 
styrene 
toluene 
xylene 

0.6 
0.075 
0.7 
0.05 

0.001 
0.1 
1.0 
10 

0.01 
0.005 
0.03 
0.008 
0.03 
0.01 
0.04 
0.02 
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8. ELECTRONIC NOSES AND TONGUES 

The use of sensor arrays and pattern recognition for environmental monitoring have been 
reviewed  by Krantz-Rulcker et al (2001). Gas sensor arrays (electronic noses) have been 
applied for qualitative analysis and more recently, similar approaches have been used for 
analysis in liquids. The sensor arrays used in such systems are based on biochemical or 
chemical sensors, the response patterns of which are analysed using pattern recognition 
methods such as principal component analysis (PCA).  

Electronic noses and tongues are normally used to give some qualitative answers about a 
test sample and only in special cases can they be used to estimated the concentration of 
an individual species. In terms of their utility for assessing the organoleptic quality of a 
drinking water sample such devices may be able to classify it but not generally to 
identify the specific reason for it being unacceptable to consumers. Sensor arrays have 
been based on electrochemical methods such as potentiometry or pulsed voltammetry but 
also using optical chemical sensors. Voltammetry, in which a current is measured at a 
fixed potential, is a very sensitive analytical technique in which redox active compounds 
are either oxidized or reduced at an electrode, giving rise to a current. However, although 
voltammetry is sensitive it is far from selective and data produced for complex media are 
unlikely to enable the identification of specific organoleptic residues at the low 
concentrations. Furthermore,  sample pH and ionic strength are likely to have a 
significant influence on the reproducibility of data produced by sensors based on 
voltammetry. 
 
New developing technologies such as ‘electronic tongues’ and ‘electronic noses’ are 
unlikely to represent a practical alternative to human sensory screening. However, they 
do appear to offer a potential means of detecting changes in overall water ‘quality’ 
without giving information on sample composition or concentrations of individual 
chemical species. 
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9. SAMPLE STABILITY AND CONTAMINATION 

A recent review of taste and odour case histories in France has suggested that consistent 
evaluations of taste and odour characteristics  in drinking water samples can be affected 
by sample stability. Bruchet (1999) investigated 140 analytical reports relating to taste 
and odour incidents between 1994 and 1997 and found that taste panellist reports of 
‘chlorinous’ episodes only represented 10% of the total number of incidents. This may in 
part reflect the fact that sample integrity is compromised following sampling and prior to 
sensory assessment by panellists. Therefore, it is important that any ‘harmonised’ system 
of taste and odour assessment must include guidance regarding maintaining sample 
integrity during and after collection and during transport to the test laboratory. Factors 
such as temperature control, sample refridgeration, exclusion of direct sunlight and 
avoiding loss of volatiles into sample vessel headspace are obvious precautions which 
might be considered for inclusion in any standard procedure. Section 8 of the European 
Standard EN1622:1997 for TON and TFN does include specific reference to a need for 
such precautions, however, whilst the EN1622 refers to a maximum storage period of 72 
hours prior to testing it is not clear how sample integrity may be compromised with time. 
The loss of volatiles is mainly dependent on the magnitude of the Henry’s Law constant 
for the taste or odour chemical and if problems relate to mixtures of chemicals then 
mixture taste profiles may be affected because of these differences. The influence of such 
variations on the outcomes of taste and odour assessments do not appear to have been 
investigated. However, the fact that taste and odour responses for different chemicals do 
not necessarily follow the same dose response relationship is a significant factor 
affecting odour or taste (flavour) assessments using sample dilution (Zoeteman 1980). 
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10. CONCLUSIONS 

The SCA and CEN methods are not per se methods for investigating the causes of tastes 
and odours; they provide a means of assessing compliance with regulatory standards 
based on the response of panellists to tastes and odours in samples and diluted samples 
with respect to reference samples. The use of quantitative taste and odour measurements 
using threshold numbers are the main means of assessing compliance with regulations 
and should not be expected to necessarily be of value in dealing with customer 
complaints. Whilst threshold odour or taste (flavour) numbers are a useful method for 
obtaining information on taste or odour thresholds for specific chemicals, when applied 
in the SCA and CEN methods they simply provide a subjective assessment of the 
presence or absence of a flavour or odour to panellists. They do not provide specific 
information relating to the causes of any tastes or odours detected and cannot distinguish 
between effects caused by single chemicals or by mixtures of different chemicals. Also, 
threshold measurements do not take account of the offensiveness of tastes or odours or of 
the fact that different chemicals may have different dose responses, that these are non- 
linear and that different panellists may have widely differing personal sensitivities to 
chemicals. The inherent lack of precision in sample screening using threshold numbers 
limits their utility. Furthermore, the fact that samples can meet statutory regulations if 
50% of the panellists cannot perceive a taste or odour in a sample diluted with three 
volumes of reference water is unlikely to reassure consumers.  
 
It is important to note that data on water quality in water supply zones from the DWI 
Chief Inspector’s Report 2000 indicates that a very small number of water samples 
collected from consumers taps failed to comply with the standards as expressed as a PCV 
of  DN=3 (TN=4). Of some 15,572 odour samples tested in 2000 only 6 failed to comply 
with the regulations and only 5 of 15,420 taste samples failed to comply. In apparent 
contrast to these data is the proportion of consumer complaints received by DWI which 
are attributed to taste or odour problems (33% of 281 complaints received). Obviously, 
the main criteria available to consumers judging the quality of drinking water are visual 
or sensory and it is in this form that complaints are registered. However, the extensive 
application of  point of use devices by consumers suggests that compliance testing may 
not be a representative measure of acceptability of water to consumers. 
 
Although sensory tests based on threshold measurements are often referred to as 
‘quantitative’, they should really be regarded as being ‘semi-quantitative’, particularly as 
the nature of the organoleptic chemicals is usually unknown.  
 
Whilst the European Standard (EN 1622: 1997) was intended to provide a means of 
improving comparability of results and for assessing compliance with regulatory 
standards it has been criticised for being impractical. A group of French laboratories 
have recently presented changes for consideration by CEN TC230. However, in view of 
the inherent uncertainties that exist with such sensory methods such proposed changes 
may weaken the utility of EN1622. 
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Some samples may not be stable enough to allow taste and odour assessment after 
transport back to the laboratory and so sensory analysis may not accurately reflect the 
quality of the sample at the time of collection. 
 
The test water temperature specified in the European Standard, BS6920 and the Blue 
Book methods is 25oC. Testing at this temperature will not necessarily reveal 
organoleptic effects that occur when water is heated. Odorous substances will be released 
in larger quantities as the temperature of the water increases and consumers may raise 
complaints when substances are present in water used for cooking, producing hot drinks 
or washing. In contrast, an option for a higher testing temperature of 60oC is made in the 
American APHA method.  
 
Although taste and odour assessment using sensory methods is apparently a basic and 
simple test which consumers can do themselves it is essentially a subjective assessment 
which has considerable uncertainty. Published standard methods suffer from 
methodological and interpretational problems and there are significant practical and 
resourcing problems associated with applying some methods, including the European 
Standard method, which has received criticism. 
 
In order to investigate the sources of taste and odour problems in drinking water and to 
identify the chemical or microbiological causes more elaborate methods such as Flavour 
Profile Analysis and analytical screening need to be considered. These approaches 
involve considerable investment in resources and expertise. However, they represent a 
means of assessing and ratifying consumer complaints with a view to eliminating 
problems at source. 
 
Some investigation as to how standard methods cope in practice with a wide range of 
substances which cause tastes or odours, particularly volatile chemicals, is required. 
Although maximum storage periods are specified in some standard methods it is not 
clear how sample integrity may be compromised with time. The loss of volatiles is 
mainly dependent on the magnitude of the Henry’s Law constant for the taste or odour 
chemical and if problems relate to mixtures of chemicals then mixture taste profiles may 
be affected because of these differences. The influence of such variations on the 
outcomes of taste and odour assessments do not appear to have been investigated. 
It is possible that chlorine residuals may mask other organoleptic compounds from 
consumers, or that as residuals decline, tastes and odours may become more evident to 
consumers. 
 
Generic guidance is given in the Blue Book and European standards for selection of 
assessment panellists and variation in sensitivity over time is recognised as a source of 
error. However,  it would be useful to consider the utility of including positive control 
samples into testing regimes using known concentrations of organoleptic chemicals to 
get some measure of variation in panellist sensitivities within batch and between test 
sessions. The choice of reference samples is an area of uncertainty and the influence of 
the nature of the reference sample on test results has not been investigated in detail. 
 
New developing technologies such as ‘electronic tongues’ and ‘electronic noses’ are 
unlikely to represent a practical alternative to human sensory screening. However, they 
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do appear to offer a potential means of detecting changes in overall water ‘quality’ 
without giving information on sample composition or concentrations of individual 
chemical species. Water sample pH and ionic strength are likely to have a significant 
influence on the reproducibility of sensors based on voltammetry. 
 
The introduction of secondary maximum contaminant levels (SMCLs) in the USA based 
on aesthetic effects was intended to ensure that drinking water was of a satisfactory 
aesthetic quality regardless of compliance with health based limits. Although some 
SMCLs have been proposed for some specific organic chemicals these have not been 
adopted. One reason for this is a need for a better definition of the relationship between 
threshold limits versus acceptable levels that are set. The cost implications associated 
with monitoring for a significant number of potential organoleptic compounds would be 
onerous and would be difficult to justify unless health based limits were also being 
exceeded. It is important to note that some chemicals exhibit taste and odour thresholds 
at levels that are several orders of magnitude below any level which is regarded of health 
concern. 
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ANNEX A DRINKING WATER TASTE AND 
ODOUR WHEEL (REPRODUCED FROM 
SUFFET ET AL. 1995) 

 

 

 




