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1 Introduction 

1.1 General upects 

As a result of the development of powerful analytical techniques, chemists today 
pay even less attention than before to those quality aspects of water, which are 
perceptible by the senses. In a more general context Moncrieff (1967) stated that: 
"With the coming of civilization life is less hazardous .... As these changes have taken 
place the senses of smell and taste have lost their sharpness. The process has been slow, 
but gradually they have dwindled to a shadow of what they were. They did, however, at 
the zenith of their powers, make such a strong impression on the central nervous system 
of our ancestors that even to-day their power astonishes us". 
In the past the taste or smell of water, food and air have been considered as important 
indicators of potential dangers of contamination of these essential factors for human life. 
There are many examples of the use of the human senses as a warning system for dangers 
to health. In 1873 Max von Pettenkofer argued against the masking of odours which are 
according to his view an indication of dangerous air contamination: 
"Eine faule iibelriechende Luft durch Beimischungen von wohlriechenden Stoffen zu 
verbessern, ist unthunlich, denn die in einer so/chen Luft enthaltenen schiidlichen 
Bestandtteile werden dadurch nicht veriindert oder zerstort, es wird nur unser 
Geruchsorgan in schmeichlerischer Weife betrogen ". 
Crompton(1873/1874) even wrote: "On the use of the sense of smelling in the diagnosiS 
of disease". 
Moncrieff ( 196 7) poses that there is no naturally occurring toxic vapour that is odourless 
and he relates this statement to Richter (1950) who wrote: 
"Tasteless toxic substances could not have existed widespread in nature in readily 
available forms at any time in evolutionary history, since· in the absence of a taste 
warning every animal or man that ingested them would have perished. It is more likely 
that they belong to a group of compounds to which in evolutionary hiStory man and 
animals have never been extensively exposed". 
Moncrieff further indicates how people used for poisoning purposes particularly those 
exceptional compounds which are toxic to most humans at levels which cannot be 
sensorily perceived, such as potassium fluoracetate, which has been used by the natives 
in South Africa for mass poisoning of rival tribes. 

As far as drinking water is concerned it is of interest that in the beginning of the 
19th century the City Council of Amsterdam regulated the inspection of vessels carrying 
water from the river Vecht into the city to supply the breweries as well as the population 
with drinking water of acceptable quality. The regulations included the testing of the 
water quality in the vessels by a specially appointed water inspector, who tested the 
purity of the water by tasting it (Leeflang, 1974). 

The importance attributed formerly to sensory assessment of water quality also 
appears from a description by Gaston Tissandier (1873) of those characteristics of water 
which indicate its safety and wholesomeness as drinking water: 
"Une eau peut etre consideree comme saine et de bonne qualite quand elle est fralche, 
limpide, sans odeur, quand el/e, ne se trouble pas par I' ebulition, quand le residu qu 'elle 



abandonne par /'evaporation est tres-faible, quand sa saveur agreable et douce n 'est ni 
fade ni salee, quand elle renferme de /'air en dissolution, quand elle dissout bien le savon 
sans former de grumeaux, quand enfin elle cuit bien les Legumes". 

Not only in documents of a century ago but also in· the International Standards for 
Drinking-Water of the World Health Organization of 1971, the sensory aspects of water 
quality are considered to be of significance: 
"Coolness, absence of turbidity, and absence of colour and of any disagreable taste or 
smell are of the utmost importance in public supplies of drinking water". 
However in this type of recent documents the sensory aspects of water quality have been 
given considerably less attention than the presence of individual chemicals which can be 
more or less easily detected by analytical instruments and techniques and part of which 
are known to be of potential danger to health. 

On the other hand it is impracticable and physically impossible to measure all 
chemical compounds in water which are of potential significance to health, as this would 
lead to the measurement on a routine basis of SO to 100 or even more water quality 
parameters. For this reason attention is recently given to chemical indicator compounds 
and to rapid screening methods for the assessment of the overall effects of water quality 
on man. As the ultimate goal of all water quality determinations is to indicate potential 
effects on man, the latter type of measurements is of particular interest for the regular 
control of water quality. 

It is felt that in this respect sensory water quality assessment might play again an 
important role. Therefore the possibilities as well as the limitations of sensory water 
quality assessment should be explored in more detail . This is one of the main purposes of 
this investigation. Furthermore this study is aiming at contributing to a better 
understanding of the causes and the impact of impaired water quality, as 
perceived by the chemical senses. 

In this introductory chapter a summary of the literature on the nature of sensory 
water quality assessment and the types of perceptible water constituents will be 
presented. 

1.2 The nature of sensory usessment of water quaUty 

1.2.1 Types of senses for water quaUty aueument 

For assessing the quality of water, organisms possess many different senses. Nerve 
impulses are generated in specialized receptors after activation by chemical or physical 
stimuli. In relation to water quality mechanical, thermal, photic, acoustic and chemical 
stimuli exist. 

Man often uses his senses in assessing the quality of water which is intended to be 
used for boating, swimming, washing, food preparation or drinking. 

Water quality will be evaluated first by those human senses which can be 
stimulated from a distance. Aspects of water quality such as colour and turbidity can be 
detected from large distances by vision in case lakes or rivers are observed from a high 
position, like the top of a mountain. 
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In case an observer is located at the same altitude as the water source smell can be 
the most powerful sense in detecting quality aspects of water. Examples have been 
reported where offensive smelling surface water was perceived over a distance of several 
miles (Maarse and Ten Oever de Brauw, 1972). 

Without seeing the surface water, its quality can also be estimated by hearing. The 
sound of running water can give an impression of its viscosity, while an audible flow
velocity indicates a certain degree of aeration and purification which has led in the 
past to a preference for running water as a source for community water supply. Illustra
tive in this respect is the statement of Sir Francis Bacon ( 1672) that: 
"Running waters putrefy not". 
Once taken into the mouth water appeals in a multifold way, as sensations such as 
touch, temperature, chemical irritation, odour and taste are experienced. After 
assessing the colour, the transparency, the temperature and the smell of water which is 
intended for drinking, the quality will finally be evaluated in the oral cavity before the 
water is actually swallowed. In this final process, which includes the quenching of thirst, 
the chemical senses play an essential role. 

Chemical receptors have to be activated by direct contact with chemical 
compounds. The involved receptors are the olfactory organs, the common chemical or 
trigeminal receptors and the organs of taste. 

Limbic center-taste and smell 

Approximate olfactory bulb 
Olfactory cleft-olfactory epithelium 

Figure 1.1 

Superior concha 
Middle concha 
Inferior concha 
Nares-vestibule 

Tire position of tire olfactory cleft in tire nasal cavity (from Cox. J.P .• 1975. Odor control and olfaction, 
PO Box 175. Lynden, Washington, 98264, 15). 

Gustation, olfaction and the common chemical sense are as separate and distinct as 
vision and audition (Stone and Pangborn, 1968). Of these three senses smell is the most 
sensitive and irritance the least sensitive sense (Mitchell, 1967). 
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1.2.2 Human olfaction 

1.2.2.1 Mechanism 

The odour of a substance can only be perceived if the compound is volatile enough 
to reach the olfactory epithelium in the nose via the air. The olfactory epithelium is 
located in a narrow passage at the ceiling of the inner nose. This area is somewhat 
removed from the main respiratory air stream. Only a small part of the inhaled odorant 
molecules will reach the olfactory epithelium, which fraction can be positively influenced 
by intensive sniffing. The effective area of the olfactory epithelium, which contains many 
millions of receptors, is greatly increased by the presence of olfactory hairs which project 
into the mucous layer and on the surface. 

After arrival of the airborne molecules at the olfactory epithelium, transport must 
take place through the mucous covering the olfactory receptors and a minimum number 
of molecules must be in contact with the actual receptor cells for perception to take place 
(Stuiver, 1958) (McNamara and Danker, 1968) (Beets, 1973) (Boelens, 1976). 

A number of theories has been proposed for the olfactory transduction 
mechanism at the plasma membrane of the neurones of the receptor cells. 

Firstly Davies and Taylor (1959) developed a puncturing theory, supposing 
odorous molecules to penetrate the membrane of the receptor cell and thus changing the 
permeability of the membrane during the short time of adsorption. In this period the 
sodium-potassium balance of the cell would be disturbed, which initiates the olfactory 
nerve impulse. According to Wright and Michels (1964) intramolecular vibrations would 
initiate the nerve impulses. 

A steric theory of a lock and key relationship between odorant molecule and 
receptor site was proposed by Amoore (1952) and Amoore and Venstrom (1966, 1967), 
however without suggesting a mechanism for the interaction. 

At present a plausible explanation for the quality determination mechanism is the 
occurrence of different types of olfactory receptor proteins on the plasma membranes of 
the neuropes to which odorant molecules can be adsorbed during a short period (Dodd, 
1974) (Outler, 1976) (Menco et al., 1976). 

The latter mechanism also complies with factors such as cross-sectional area of the 
odorant molecule, ability to form hydrogen bonds and electronic polarizability, which 
were found to account for much of the odorant discrimination (Laffort, 1%9). Menevse 
et al. (1977) recently demonstrated the specific involvement of cyclic-AMP in the 
subsequent transduction step from odorant-membrane interaction into a nerve impulse. 

Impulses induced in the olfactory epithelium are subsequently conducted via 
primary olfactory fibers to the olfactory bulb and via the secondary olfactory pathways to 
the cerebral hemispheres. According to Moulton (1971) specific receptors and the 
pattern of odour induced excitation of the different receptor sites, which reaches the 
brain, may define the perceived quality of the stimulus. 

As this survey shows, the mechanism of olfaction is still only partially understood. 
However for the application of olfaction in the field of drinking water research, several 
quantitative and qualitative aspects can be effectively described with psychophysical 
techniques. Psychophysics is the science of the functional relationships between physical 
stimuli and the sensations of the human observer (Fechner, 1859). 
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A number of relevant psychophysical techniques will be briefly described in the 
next paragraphs. For this purpose a recent survey on human psychophysics in olfaction 
by Koster ( 1975) has been followed to a large extent. 

1.2.2.2 Odour intensity 

In this section four intensity aspects will be considered: 
- the odour detection threshold 
- the discrimination threshold 
- the relationship between odorant concentration and perceived odour intensity 
- the effects of mixing of compounds 

Odour detection threshold 

The odour detection threshold is rather a statistical than an absolute concept. The 
chance that a stimulus will be perceived increases gradually over a certain range of 
intensities. The odour detection threshold of a substance is defined as the concentration 
at which a subject gives a positive response in SOOJo of the cases in which the stimulus is 
presented to him (see figure 1.2). 

Gl 
II) 
c 
0 a. 
II) 
Gl ... 
g) 
0 
Q. 

11"! 

Figure 1.2 

50 

I I" 
concentration 

Threshold concentration I and !'for the subjects SandS' (after Kaster, 1975). 

The Odour Threshold Concentration (OTC) of a chemical compound in water can be 
defined as the concentration at which for SOOJo of a group of subjects the odour detection 
threshold is trespassed. In the case of drinking water the odour of the sample will be so 
weak that most of the consumers can hardly detect it. A valuable theory, which considers 
different factors which affect the decision process of the observer in the area of close 
resemblance between the odour of a stimulus and the background odour, is the "signal 
detection theory" (Swets et a/. , 1961). This theory considers olfactory signals as 
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the sense of smell shows a progessive reduction in sensitivity (Hughes, 1969). Each 
individual can also show large variations in sensitivity in time due to factors such as 
adaptation, fatigue, motivation and environmental conditions. 

Adaptation is a reduction of the sensitivity of a sense organ as a result of 
stimulation, from which the sensory system recovers gradually after cessation of the 
stimulation. Adaptation does occur also when very short stimuli of near threshold 
intensity are used. According to K~ter (1971) it may take 60 seconds until complete 
recovery is reached after such weak stimuli, which finding is of direct importance to the 
set-up of panel experiments with samples of drinking water. 

Odour detection thresholds furthermore vary considerably from one substance to 
the other. Among the more than 10.000 odorous chemicals, compounds with high OTC 
values in water as ethanol, differ a factor 1o8-109 with compounds with low OTC 
values such as mercaptans and /3-ionone (Theranishi, 1971). Only the latter type of 
compounds can be of importance to the flavour of drinking water, due to the low concen
trations of organic compounds, present in water destined for human consumption. 

Discrimination threshold 

The discrimination threshold, often called the just-noticeable-difference (jnd) is 
defined as the difference between odorant concentrations, above the detection threshold, 
which is just detected by the subject in SOOfo of the cases. Fundamentally the detection 
and discrimination problem can be treated in the same way. Usually a paired 
comparison method is applied for measurements of the jnd for a compound. 

According to Weber's law the concentration change necessary to produce a just 
noticeable difference in sensation is proportional to the stimulus intensity. Until recently 
it was accepted that two concentrations of the same odorant cannot be distinguished if 
these concentrations differ less than 15-30% ( Kniebes et al., 1969). Cain ( 1977) however 
showed instances in which subjects resolved differences in concentration of odorants of 
only 5%. So it may be expected that even such fine variations in drinking water quality 
can be noticed by the consumers. 

Odorant concentration and perceived odour intensity 

Olfactory sensation grows as a non-linear function of odorant concentration 
(Engen, 1971) (Cain and Moscowitz, 1974). Fechner (1859) proposed a logarithmic 
relationship between sensation (S) and odorant intensity (I) : S = k log I, in which k is a 
constant. Stevens(1957) however has proposed a power law, reading:S = In, in which n 
is a constant. 

The rate of growth of odour intensity at increasing concentrations of the odorant 
can vary considerably from one compound to the other (Henion, 1971) (Dravnieks, 
1972). At high odorant concentrations the perceived odour intensity reaches a point of 
saturation. Several scaling methods have been developed to describe the perceived odour 
intensity. In category scaling successive numbers are assigned to descriptive terms, for 
instance ranging from "very weak" till "very strong" and for each stimulus the average 
value of the scale numbers corresponding with the obtained category judgements is 
calculated. According to the method of magnitude estimation a subject has to assign 
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numbers to each of a series of intensities, presented in a random order, in such a way 
that he feels that the ratios between these numbers correspond with the ratios between 
the observed intensities. Any number may be used in this method. A third method, 
cross-modality matching, consists of expressing the strength of the sensation of a subject 
by matching it with an equally strong sensation in another sense modality, such as 
audition. 

In practice an estimation of the odour intensity of water or air is often made by 
diluting the sample until the odour detection threshold for the present mixture of 
compounds is reached. The necessary number of dilutions, called the Odour Number 
(ON), is considered as a measure for the odour intensity. From a theoretical point of view 
this concept is wrong, as the concentration - odour intensity relationship is different 
for different compounds. This method, although often used for raw water types, is of no 
value for drinking water of which moreover the odour intensity will be below the 
detection threshold for a large part of the population. In this case a more direct method 
than the dilution method, such as category scaling, is needed. 

Effects of mixing 

As drinking water generally contains a large variety of substances which can be 
perceived by the chemical senses the effect of the presence of mixtures of perceptible 
compounds should be considered. The combined olfactory effect of the presence of the 
individual compounds can be a summarization of the individual intensities of the 
odorants (additivity), or enhancement of the odour intensity (synergy) or can be a 
decrease of the resulting olfactory intensity (compensation) (Zwaardemaker, 1907). 
According to Koster (1969) synergy is very rare, additivity is more likely to occur in the 
case of equal mixing ratios of odorants, while compensation occurs frequently. 

Final consideration 

Generally it must be stated that due to the large interindividual and intraindivi
dual differences in sensitivity to odours, groups of sufficient size are needed in olfactory 
water quality assessment in order to obtain reliable and reproducible judgements. 

This need for large groups, although a practical disadvantage of sensory 
evaluation of water quality, should be overcome by mobilizing larger groups of subjects 
for regular sensory assessment of drinking water quality. 

1.2.2.3 Odour quality 

Experienced perfumers can distinguish effectively about 100 different odour 
qualities (Harper, 1972). In general, compounds with similar odour may belong to 
several different chemical classes and compounds of the same chemical class may smell 
completely different. Mixing of odorous compounds can not only result in effects such as 
masking but a new odour character may emerge. Odour character can also change with· 
the concentration of the odorant. 

Odours have been classified on the basis of similarity and dissimilarity in 
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perceptual quality (Zwaardemaker, 1895) (Henning, 1916), (Crocker and Henderson, 
1927) (Yoshida, 1964). Woskow (1968) found that similarity rating probably is strongly 
related to the hedonic dimension of the odour character of compounds. Acceptability or 
hedonic attribute of an odour is strongly dependant on the context(Dravnieks, 1972). It 
is generally assumed that the large interindividual variation · in judgement of the 
pleasantness of odours mainly is based on associations relating to individual experiences. 
Studies by Stein et al. (1958), Moncrieff (1966) and Engen (1974) have indicated that 
children tend to be more tolerant to unpleasant odours than adults. Engen (1974) states 
in this respect: 
"The older the children the more the preference agrees with those of adults and (there is) 
evidence to the hypothesis that discrimination of hedonic attributes of odours is learned. 
There may be no inherently unpleasant odours ". 
Furthermore there is evidence that there is a relation between familiarity and tolerance 
or liking of odours (Foster, 1963). If an odour is unfamiliar to a person, he will tend to 
reject it. For a specific product, such as drinking water, a set of typical odour quality 
aspects, an odour language, has to be developed. A suitable method for measuring sub
jective odour quality judgements consists of the use of similarity rating scales for 
different odour quality aspects, while each quality aspect is defined by a standard 
solution of one or more chemical compounds. Other measuring techniques for similarity 
between odours are ordinal scaling methods (Coombs, 1964) or the use of a confusion 
matrix (K<Sster, 1975). 

1.2.3 Human gustation 

1.2.3.1 Mechanism 

The receptors for taste are the taste cells. These are concentrated mostly in the 
taste buds, which are composed of a group of taste cells in a cluster with supporting cells. 
On the tip of each cell are cilia which extend into a pore which opens to the mouth 
(McNamara and Danker, 1968). There are about 3.000 · 10.000 taste buds in the mouth, 
most of which are located on the upper surface of the tongue, at its tip, sides and rear 
surfaces. There is an area in the middle of the tongue which has no taste buds. Taste 
cells constantly degenerate and regenerate and have a life-time of a few days (Beidler, 
1964). The total number of taste buds slowly decreases with increasing age. 

In gustation, the stimulant molecules dissolved in saliva enter the pore of the taste 
bud and a contact between this aqueous solution and the receptor sites is established. 
The situation in the polymolecular layer of saliva in immediate contact with the sites at 
the cell surface is virtually the same as in olfaction, and the same model of the 
interaction scene can be used for both senses (Beets, 1973) (Hansen et a/., 1976) 
(Kijima, 1976). 

According to recent reviews of Meiselman (1972, 1976) there is no evidence that 
specific taste nerves exist for the four classical taste qualities: sour, salty, bitter and 
sweet. In place of specificity of taste receptors it is suggested that some form of neural 
patterning, which is containing the information about taste quality is decoded at the 
higher brain centers. 

9 



1.2.3.2 Taste intensity 

As in the case of odour intensity, taste intensity is influenced by the stimulus 
concentration. Data of Moskowitz (1970a, 1971, 1973) suggest that the perceived taste 
intensity is a power function of the stimulus concentration. 

Taste intensity is also affected by factors like viscosity of the liquid phase 
(Moskowitz, 1970b) and the fact that drinking of water from a glass is an intermittent 
process. Meiselman and Halpern (1973) reported the occurrence of enhancement of salt 
taste intensity during pulsatile stimulation of one second duration. Several authors 
reported on the effect of water temperature on taste intensity. According to some, 
optimal taste sensitivity is obtained at 22°C (Griffin, 1966) (Fisher, 1971) (Pangborn and 
Bertolero, 1972). Others could not demonstrate ;in effect of temperature on the · 
perceived taste intensity of certain compounds (Stone eta/., 1969) (Moskowitz, 1973). 
An increase in sensation can also be temporarily obtained by tongue movements which 
bring previously unexposed receptors in contact with the stimulus. 

Furthermore taste research and particularly studies on water taste have to take 
into consideration the constant presence of an adapting condition within the mouth. 
Pure water is not tasteless according to a study of Bartoshuk (1974) and drinking water 
will only be tasteless when it contains salt ions in concentrations which are not too much 
different from the concentrations in the saliva. 

Cross adaptation was found for substances representing each of the traditional 
taste quality categories (McBurney, 1969). Bitter taste can be quite lasting, which has 
been related to the affinity of bitter tasting compounds to the skin. According to 
McNamara and Danker ( 1968) bitter taste may last for over 1 minute even after rinsing. 

The sense of taste is much less sensitive than the sense of smell. Bitter tasting 
compounds, which generally show the lowest taste threshold values, have thresholds at 
1o6 times higher levels than the most odour intensive compounds (Moncrieff, 1967). 
Besides bitter tasting organic compounds, such as quinine, ions from metals such as iron 
and copper can be tasted at concentrations of 1-10 mg/1 (Cohen eta/., 1960). 

Acids such as tartaric acid and hydrochloric acid can be perceived at concentra
tions of approximately 50-100 mg/1 while most salts have taste thresholds between 
concentrations of 100-1000 mg/1 (Lockhart eta/., 1955) (Bruvold and Pangborn, 1966) 
(Moncrieff, 1967). The taste threshold for sweet tasting sugars such as sucrose lays 
between 1-10 g/1 (Moncrieff, 1967). Within mixtures of compounds representing 
different taste qualities, the tastes usually suppress each other (Meiselman, 1976). 

Individual differences in taste sensitivity can amount up to a factor 100-1000 
(Geldard, 1953) (Fisher, 1971). Several substances are known to which part of the 
population is relatively insensitive like phenylthiocarbamide. Fisher (1971) showed that 
age does not significantly affect taste sensitivity to 6-n-propylthiouracil and quinine. 
However deterioration of taste sensitivity for bitter tasting compounds- has been related 
with age for heavy smokers (Kaplan eta/., 1964)(Fisher, 1971). According to Soltan and 
Bracken (1958) a greater number of females compared to males taste quinine as bitter. 
Kroeze (1971) found about two times lower threshold taste concentrations in water for 
quinine sulphate and sodium chloride for females compared to males. Kaplan and Fisher 
(1965) showed that bitter tasting compounds like quinine were perceived with greater 
sensitivity by the majority of females during the menstrual period, which effect could 
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however not be clearly demonstrated by Kahn (1965). Such individual differences have 
to be considered in selecting and evaluating the results of panels. 

1.2.3.3 Taste quality 

The four major descriptive terms for taste quality are saltness, sourness, sweetness 
and bitterness, although there is no substantial electrophysiological evidence for the 
actual existence of four basic tastes (Meiselman, 1972). 

Hydrogen ions are the activator of the sour taste. Sodium chloride is generally used 
as a standard for a salty taste. Other inorganic compounds can taste bitter or sweet 
(Moncrieff, 1967). Many different compounds from sugars to lead salts have a sweet 
taste. Bitter tasting substances are caffeine, nicotine and several salts of magnesium and 
iodine. Furthermore salts can have several tastes. Magnesium sulphate is bitter at the 
back and salty near the front of the tongue. 

There are several substances, which have taste modifying properties (Bartoshuk et 
al., 1969). The best known among these are gemnemic acid, derived from Gymnema 
sylvestre which strongly depresses the sweetness of sweet-tasting materials, and 
miraculin, derived from the berries of "miracle fruit", Synsepalum dulcifirum, which 
sweetens acidic materials. Aspects such as modification, masking and hedonic attribute 
have not yet been extensively studied in relation to the taste of drinking water. 

1. 2.4 Some effect. related to chemoreception 

According to Stone and Pangborn ( 1968) stimulation of one sense organ influences 
to some degree the sensitivity of the organs of another sense. Many sensations commonly 
attributed to taste are in fact a combination of taste and odour, or even only due to 
odour. Besides sensory interaction there exists a relation between chemoreception and 
drug reactivity. Fisher ( 1971) states that a sensitive taster will generally also need a lower 
dose of a drug to elicit a specific pharmacological effect. He has illustrated this by 
comparing the taste threshold for the drug trifluoperazine and the applied dose to a 
group of chronic schizophrenics (Fisher et al., 1965) (Knapp et al., 1966). A 
confirmation of the proposed relationship has been given by Joyce et al. (1968) who 
showed the relation between taste sensitivity to the drug hyoscine butylbromide and 
amongst others heart rate in healthy medical students. 

This relationship would imply that the use of chemoreception as a warning 
mechanism could be adapted to a certain extent to the specific needs of the individual 
involved. 

1.3 Perceptible substances in drinking water 

1.3.1 IDstorical developments in The Netherlauds 

Since the first waterworks of The Netherlands was established in 1854, near the 
city of Amsterdam (Leeflang, 1974), ground water has been the major source of potable 
water supply in The Netherlands. Substances in ground water, such as iron, humic 
acids and hydrogen sulphide, could generally be sufficiently removed by aeration and 
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sand filtration and were of course considered of less importance to health than the 
bacteriological characteristics of the water. At the beginning of this century the analysis 
of drinking water however was still based to a large extent on quality aspects detectable 
by the senses. Generally a data sheet started by describing the colour, odour, taste and 
transparency of the water followed by noting the absence or the presence of a trace of 
ammonia, iron etc. (Hoogdrukwaterleiding van de Gemeente Zwolle, 1908). 

Those waterworks on the other hand which used surface water as a source were 
confronted with severe problems during the last decades due to the presence of 
increasing quantities of contaminants. 

Very illustrative in this respect is the history of the waterworks of Rotterdam. This 
city has been supplied with drinking water derived from river water since the beginning 
of the supply in 1874. In de 19th century a simple sand filtration was sufficient to 
produce wholesome drinking water from water of the river Rhine. 

In 1921 the river Rhine showed relative low flows and the yearly report of the 
Rotterdam waterworks records that the drinking water had a very disagreeable taste 
during the last months of the year (Drinkwaterleiding Rotterdam, 1921). In 1928 
serious trouble developed due to a "musty" taste of the water in the winter periods. 

Also in other cities like Dordrecht, the bad taste and odour of the water of the 
Rhine was noticed. Particularly Heymann (193111932) reported on th~ "earthy" taste of 
the water. His daily observations of the taste of the Rhine water at Rhenen in the period 
1928-1932 indicate that most of the adverse taste of the Rhine water must have been 
caused by waste water discharges of coke furnaces in the drainage area of the river 
Emscher in Germany, one of the tributaries of the river Rhine. Although chlorinated 
phenols have been postulated as the cause of these problems, this has never been proven. 
The serious organoleptic problems with the Rhine water in The Netherlands even 
resulted in the installation of a Committee on Taste and Odour of River Water, by the 
president of the Health Council on June 7, 1929, which committee however never 
prepared a final report during the 5 years of its existence (l..eeflang, 1974). 

The treatment facilities in Rotterdam were extended in 1931 with rapid sand filters 
before the slow sand filtration step. In December 1933, dosing of activated carbon 
powder started. The dose amounted to 7 mg/1 in the winter period in 1934. 

After the second world war the period in the summer, during which no activated 
carbon dosing was needed, became shorter and shorter and in 1954 the carbon dosing 
had to be applied the whole year. In 1958 the maximum dose amounted to 27 mg/1 and 
in 1959 it was no longer possible to remove the taste completely by carbon treatment, as 
the dose had to be limited to a maximum of 30-40 mg/1 to maintain practical operation 
conditions for the filters. The situation improved considerably only in 1973 after the city 
started to use water of the river Meuse instead of the river Rhine. 

During the 20th century similar problems to those encountered by the Rotterdam 
water works emerged at those supplies which used ~ater from the river Rhine by means 
of bankfiltration or after storage in the dunes or in open reservoirs. It is anticipated 
(Structuurschema- 1972, 1975) that surface water will be used more and more because 
the national ground water resources are insufficient to meet the expected growing water 
demand. In 1971 surface water contributed up till 3So/o of the total water demand of 
1700 million m3/year in The Netherlands, which figure might become 53% in the year 
2000 in case the total water demand increases to a quantity of 4000 million m3 /year. 
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These expected developments emphasize the need to consider in more detail the causes 
of perceptible contamination of drinking water. 

In the following section substances causing turbidity, colour, odour and taste of 
water will be discussed. As taste and odour compounds seem to be most indicative for 
unacceptable watercontamination,attention will particularly be given to these two types 
of perceptible water contaminants. 

1.3.2 Substances causing turbidity of water 

The turbidity of water is due to suspended and colloidal matter, the effect of which 
is light scattering and diminished light penetration. Turbidity can be caused by 
micro-organisms or organic detritus, silica, clay or silt, fibres and other materials 
(McKee and Wolf, 1963). In general aerobic ground water has a low turbidity while 
turbid river water contains 10-100 mg/1 or more of suspended matter. In drinking water 
mineral substances like zinc, iron and manganese compounds can cause turbidity. High 
concentrations of 30 mg/1 or more of zinc give water a milky appearance (Kehoe eta/., 
1944) and above levels of 5 mg/1 zinc causes a greasy film on boiling (Howard 1923). 

Removal of water turbity is of importance as it_guarantees to a certain degree the 
absence of many kinds of materials adsorbed on suspended matter. Furthermore water 
with a good transparency can be more effectively disinfected by oxidants. Water can 
show a higher turbidity at the tap than at the treatment plant due to pick-up of 
sediments of iron and manganese hydroxides or due to corrosion of copper, zinc or iron 
containing piping (Zoeteman and Haring, 1976). 

1.3.3 Substances causing colour of water 

Drinking water derived from ground water can contain high quantities of fulvic 
and humic acids of natural vegetable origin, giving the water a yellow or brownish 
colour. This type of organic substances can chelate metal ions, thereby interfering with 
coagulation (Hall and Packham, 1965) or rendering iron and manganese more difficult 
to remove during treatment (Shapiro, 1964) (Zoeteman, 1970a). Drinking water can be 
coloured due to the presence of small algae that have passed through the filters of a 
plant, treating water from a lake or a reservoir. Water colour can also be caused by 
industrial compounds (Meijers, 1970). 

Furthermore metallic compounds like copper, iron and manganese can cause· 
colour problems. Slightly blue or green colouration appears in water transported through 
copper pipes when at least 5 mg/1 of insoluble copper corrosion products is present in the 
water(Page, 1973). Dissolved iron (III) chloride imparts a brownish-yellow colour. Iron 
and manganese are also objectionable in drinking water because of spotting of laundered 
clothes. At levels below 0.3 mg/1 of iron and 0.05 mg/1 of manganese the red iron stains 
(Buswell, 1928) and black manganese stains (Griffin, 1960) do not manifest themselves. 
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1.3.4 Compounds causing odour of water 

1.3.4.1 General aspects 

A large variety of odorous compounds have been found in drinking water. These 
substances can be present in the raw water source, can be formed during treatment, 
particularly by chlorination, or can be introduced into the water during distribution 
(Drost and Zoeteman, 1976). With a few exceptions, the odours in drinking water are 
caused by organic compounds. The types of odorous materials related to the three causes 
mentioned above will be considered in some more detail below. 

1.3.4.2 Odorous compounds originating from the raw water 

Ground waters are generally free of odours after sufficient aeration to remove 
hydrogen sulphide. The odorous substances in water of rivers and lakes can be much 
more persistent. These substances can be introduced into the surface water by municipal 
and industrial waste water discharges or can be formed by organisms (Rosen eta/., 1963) 
(Bays eta/., 1970) (Kolle eta/., 1970). 

A survey of four surface waters in The Netherlands in 1971 showed a significant 
increase in the number of odorous organic compounds during the summer (Zoeteman 
and Piet, 1972/1973) and a rapidly changing pattern of the type of compounds over the 
year. It has been indicated that in river water such as water of the river Rhine with a high 
load of industrial odorous substances, the seasonal changes in water odour are 
determined by evaporation and biological mineralization processes (Zoeteman, 1970b) 
(Oskam and Rook, 1970) (Zoeteman and Piet, 1974a). In case of more or less stagnant 
eutrophic surface waters the influence of biologically produced substances, such as 
geosmin and 2-methylisoborneol, can become dominant temporarily as has been shown 
for the river Meuse in 1972-1973 (Zoeteman and Piet, 1974a) (Zoeteman and Piet, 
1974b). Industrial compounds which have been shown to be of potential significance for 
the odour of drinking water are particularly o-chlorophenol, o/p-dichlorobenzene, 
indene, 2-methylthiobenzothiazole, naphthalene and 1,3,5-trimethylbenzene (Zoeteman 
eta/., 1975). 

In general all relatively stable compounds with threshold odour concentrations in 
water of less than 1 microgram/litre are of potential interest as most organic compounds 
in drinking water are not present in concentrations above this level. 

1.3.4.3 Odour causing compounds introduced during water treatment 

During the processing of water from the water intake to the point where it enters 
the distribution system the role of metabolites or decaying products of organisms and 
reaction products of chemical oxidants have to be considered. Particularly in storage 
reservoirs the earthy smelling geosmin and 2-methylisoborneol can be produced by 
certain blue-green algae and streptomycetes (Safferman et a/., 1967) (Gerber, 1968) 
(Medsker et al., 1968) (Leventer and Eren, 1969) (Rosen eta/., 1970) (Piet eta/., 1972) 
(Silvey et a/., 1972) (Vlugt et a/., 1973). 

After massive dying of algae the water can also contain organic sulphur 
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compounds like dimethyldisulphide. In the case of bank filtration of river water it has 
been reported that certain sesquiterpenes might be formed (Koppe, 1965). The possible 
formation of intermediate degradation products such as aldehydes and fatty acids of 
branched aliphatic hydrocarbons during bank filtration of Rhine water has been 
studied. These studies did not indicate a considerable role of this possible mechanism of 
odour production, although 2-methylbutyric acid was tentatively identified as a product 
present in the bank filtered water (Boorsma et al., 1969) (Zoeteman et al., 1971). 

Chemical oxidation by chlorine treatment has been known for a long time as a 
possible cause of offensive odour in drinking water. Particularly chlorination of water 
containing phenol has been reported to increase the odour of the water due to formation 
of chlorinated phenols, which have an OTC at roughly 1000 times lower levels than 
phenol itself (Burtschell, 1959). 

However, also other chlorinated compounds like the chlorinated anilines and 
benzenes show much lower odour thresholds than the unchlorinated compounds 
(Zoeteman and Piet, 1974a), although it is uncertain at present whether or not such 
chlorinated compounds are formed in practice. Among the haloforms which are formed 
during water chlorination from humic and fulvic acids (Rook, 1974), chloroform can be 
perceived sensorily (Zoeteman et al., 1975) at concentrations above 10-100 pgll, 
although its sweetish smell is not as adverse as that of chlorinated phenols. In practice 
the overall effect of chlorination generally is a slight improvement of water taste and 
odour as long as chlorine itself is not present in perceivable quantities. 

1.3.4.4 Odour causing compounds introduced during distribution 

Odours can sometimes be introduced during distribution as a result of the release 
of organic compounds from protective coatings like bitumenous materials, which can 
release aromatic hydrocarbons like naphthalene. The most frequently occuring cause of 
odours introduced during distribution is growth of micro-organisms which form earthy 
or musty smelling metabolites like geosmin. This occurs particularly in waters, 
containing relatively high quantities of biologically degradable organic substances, and 
at relatively high temperatures. The latter can be the case in long supply pipes in large 
blocks of flats or during the summer in case the water is derived from surface water 
(Packham, 1968) (Zoeteman and Haring, 1976) 

1.3.5 Mlnenlmbltances caaaiDg taste of water 

Substances in drinking water which are perceived by the sense of taste are 
generally inorganic compounds which are present in much higher concentrations in 
drinking water than organic micropollutants. 

It has been generally established that among the salts present in drinking water the 
sulphates and hydrocarbonates are less affecting taste intensity and taste quality than 
the chlorides and carbonates (Bruvold and Pangborn, 1966) (Pangborn et al., 1971). 

The taste threshold concentration of sodium carbonate (about 75 mg/1) is about 15 
times lower than the threshold level of sodium hydrocarbonate (1060 mg/1) (Lockhart et 
al., 1955). Chlorine is reported to be detectable, depending on water pH from 0.075 
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mg/1 at a pH of 5.0 to 0.450 mg/1 for a pH of 9.0 (Bryan et a/., 1973), which indicates 
that chlorine will be tasted by the consumer in many cases where chorine disinfection is 
practiced. 

Among the metal ions which can be present in drinking water, iron could be tasted 
in distilled water by the most sensitive 5o/o of a panel at 0.05 mg/1, copper at 2.5 mg/1, 
manganese at 3.5 mg/1 and zinc at about 5 mg/1 (Cohen eta/., 1960). Particularly iron 
might affect water taste in practice. 

1.4 Outline of the work 

As stated in section 1.1 the main purpose of this investigation is the exploration 
of the possibilities and limitations of sensory water quality assessment as a rapid overall 
indication of the quality of water and of potential effects on the health of consumers. 
Such an exploration should lead to identification of those compounds generally 
responsible for objectionable water taste and odour, in order to avoid their 
introduction into the water at the source. The latter could contribute to including 
individual compounds in the list of "substances having a deleterious effect on taste and 
odour of products derived from the water for human consumption", which list is part of 
the directive of the Council of the European Communities (19?6), relating to the 
contamination caused by certain dangerous substances which are discharged into the 
aquatic environment of the Community. The same list is also part of the "Convention 
against the chemical pollution of the River Rhine", signed at December 3, 1976 by the 
ministers concerned. 

In order to quantify problems relating to taste and odour of drinking water in The 
Netherlands, an inquiry was carried out among a representative part of the Dutch 
population. The design and results of this inquiry are decribed in Chapter 2. 

For a selection of 20 communities in The Netherlands tapwater samples were 
presented to a national panel selected for objective assessment of taste and odour 
aspects. The results of the water quality assessment by the panel and recommendations, 
relating to a methodology of rating the perceptible water quality, are presented in 
Chapter 3. 

The same water samples, used for taste and odour assessment by the panel, were 
analysed for the presence of minerals and in particular organic micropollutants which 
could be responsible for impaired water taste and odour. The results are discussed, in 
relation to the taste and odour assessment by the panel, in the Chapters 4 and 5. 

Chapter 6 deals with the sensory assessment of water quality in relation to health 
protection aspects. 

Finally, Chapter 7 gives a summary of practical methods for sensory water 
quality assessment and of possible measures to reduce taste and odour problems 
against the background of the need to use raw waters for potable water supply which 
become increasingly loaded with more or less treated streams of waste water. The 
need for further studies and a recommended approach in advanced sensory water 
quality measurement is discussed. 
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Atomic absorption spectrofotometer 

Injection of a water sample in a flameless atomic absorption spectrofotometer. 
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Water storage reservoir at the Biesbosch for the water supply of Rotterdam 



List of symbols, abbreviations and synonyms 

Frequently used symbols and abbreviations: 

a 
ADI 
c 
CBS 

d 
ECD 
EX 
FID 
g 
GC 
h 
H 

HS 
IUPAC 
1 
LDso 

m 
p 
meq 
MS 
NIWS 

ON 
OTC 
p 
r 
t 
TLC 
TN 
TTC 

WHO 
[X] 
z 

One-tailed probability of exceedence of a coefficient of correlation 
Acceptable daily intake (mg/kg/day) 
Concentration of an organic water constituent (p. g/1) 
Centraal Bureau voor de Statistiek (Central Bureau for Statistics), Voorburg, 
The Netherlands 
Day 
Electron capture detector 
Liquid-liquid extraction method 
Flame ionization detector 
Gram 
Gas chromatograph 
Head 
Measure of association between an ordinal and a nominal variable, Kruskal
Wallis test 
Head space 
International Union of Pure and Applied Chemistry 
Litre 
Lethal dose in 24 hours of a chemical for SOOJ'o of experimental animals (mg/ 
kg) 
Milli-
Micro-
Milli-equivalent 
Mass spectrometer 
National Institute for Water Supply (Rijksinstituut voor Drinkwatervoor
ziening, RID), Voorburg, The Netherlands 
Odour number 
Odour threshold concentration in water ( p.g/1) 
One-tailed probability of exceedence of a measure of association 
Coefficient of correlation 
Test statistic for the t-test 
Thin-layer chromatographic method 
Taste number 
Taste threshold concentration of an organic compound in water ( p.g/1) or an 
inorganic constituent of water (mg/1) 
World Health Organization, Geneva, Switzerland 
Concentration of a water quality parameter (mg/1) 
Measure of association between two ordinal variables, standard normal 
deviate 
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Chemical synonyms of substances mentioned frequently in the text: 

Acrylonitrile 
Aldrin 

Propenoic acid nitrile 
1,2,3,4, 10, 10-Hexachloro-6, 7-epoxy-1,4,4a,5,6, 7,8,8a
octahydro-e.xo-e.xo-1 ,4:5,8-dimethanonaphthalene 

Alkylmercaptan Alkanethiol 
3,4-Benzofluoranthene Benzo[b ]fluoranthene 
11 , 12-Benzofluoranthene Benzo[ h ]fluoranthene 
1, 12-Benzoperylene Benzo(pqr)perylene 
3,4-Benzopyrene Benzo[a]pyrene 
Bis (2-chloroisopropyl) ether Bis (2-chloro-1-methylethyl) ether 
Bromoform Tribromomethane 
sec-Butylamine 2-Aminobutane 
Chlordane 1 ,2,4,5,6, 7 ,8,8a-Octachloro-3a,4, 7, 7a-tetrahydro-4, 7-

methanoindane 
Chloroform 
5-Chloro-o-toluidine 
Cinnamaldehyde 
2,4-D 
p,p'-DDE 
p,p'-DDT 
Dieldrin 

1, 1-Dimethoxyisobutane 
Endrin 

Geosmin 
Haloforms 
t-HCH 
Heptachlor 

{3-Hexachlorocyclohexane 
Lindane 
Malathion 

Methoxychlor 
2-Methylisobomeol 
Methyl isobutyrate 
Methyl 2-methylbutyrate 
Nicotine 
Parathion 
2, 3-Phenylenepyrene 
Phenylthiocarbamide 
TDE 
Tetrachloromethane 
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TrichlorometHane 
2-Amino-5-chlorotoluene 
3-Phenylpropenal 
2,4-Dichlorophenoxy acetic acid 
1,1-Dichloro-2,2-bis (p-chlorophenyl)ethene 
1, 1, 1-Trichloro-2, 2-bis(p-chlorophenyl)ethane 
1,2,3,4, 10, 10-Hexachloro-6, 7-epoxy-1 ,4,4a,5,6, 7 ,8,8a
octahydro-endo-e.xo-1 ,4:5,8-dimethanonaphthalene 
1,1-Dimethoxy-2-methylpropane 
1 ,2,3,4,10, 10-Hexachloro-6, 7-epoxy-1 ,4,4a,5,6, 7 ,8,8a
octahydro-exo-exo-1 ,4:5,8-dimethanonahpthalene 
trans -1, 10-Dimethyl-trans-9-decalol 
Trihalomethanes 
r-1 ,2,3,4,5,6-Hexachlorocyclohexane 
1,4,5,6, 7,8,8-Heptachloro-3a,4, 7, 7a-tetrahydro-4, 7-
methanoindene 
/}-1,2,3,4,5,6,-Hexachlorocyclohexane 
see.r-HCH 
0, 0-dimethyl-S-[ 1 ,2( di( ethoxycarbonyl))ethyl]dithio
phosphate 
2,2-Bis ( 4-methoxyphenyl) 1,1, 1-trichloro-ethane 
2~exo-Hydroxy-2-methylbomane 

Methyl 2-methylpropanoate 
Methyl 2-methylbutanoate 
1-Methyl-2-(3' -pyridyl)pyrolidine 
0, 0-diethyl-0-(p-nitrophenyl)thiophosphate , 
I ndeno[ 1, 2 ,3-cd)pyrene 
1-Phenyl-2-thio urea 
1,1-Dichloro-2,2-bis (p-chlorophenyl)ethane (DDD) 
Carbon tetrachloride 
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Hardness Methyl 2-methylbutyrate 74 
- colour assessment and 2S a -Methylstyrene lOS 
- distribution of 22 2-Methylthiobenzthiazole 14 
- occurrence of particles Metropolis Water Act Ill 

and 24 Meuse 12, 14, 4S 
- skin formation on tea Miracle fruit 11 

and 27 Mississippi river 89 
- taste assessment and 27 Musty 12, 2S, 3S 
- tea taste and 27 Mutagens 89 a.f. 
- visual quality and 24 
Head space analysis 68 Naphthalene 14, 72, 78, lOS, 
Hedonic attribute 9 106 
Heptachlor 67 2-Naphtol lOS 
Heptanal 75,78 Nicotine 11, 90 
Heptanone 7S, 78 Nitrobenzene 107 
Heptenol 7S Nonanal 74,78 
Hexachlorobenzene 67 Nonanol 74, 7S 
Hexachlorobutadiene 70, 78, lOS, 107 Nonene 7S 
Hexachlorocyclohexane Nonenol 7S 

(see also lindane) 67, 78, lOS Nutrients 107, 110 
Hexachloroethane 7S 
Hexanal 7S Octanal 75,78 
Hexyl butyrate 73,76 Octanols 73, 7S, 78 
Houses, distribution of Octene 7S, 78, 

types of 21,22 Odorogram 71 
Humic acids 11, 13, 74 Odorous compounds 14, 77 a.f. 
Hydrocarbonates IS, 64 Odour 
Hydrochloric 10 - detection threshold s 
Hydrogen ions 11 - free glassware 96 
Hydrogen sulphide 11, 14 -intensity 7, 99 
Hyoscine butylbromide 11 -number 8, 94 a.f. 

- number, accuracy of 98 
lndene 14, 106 - number, changes during 
Inquiry 18, 84 treatment 106, 108 
Iodine 11,74 -rating 26, 28, 46, 84 a. f. 
B-Ionene 88 - seasonal changes in 14 
Iron 10, 11, 13, 16, 24 -sensitivity, age and 36, 41, 77 
lsoborneol 3S, 38, 78 - sensitivity, domicile and 36 

- sensitivity, intra-
lust-noticeable-difference 7 individual changes 39 

- sensitivity, sex and 36,40 

~ 86, 146 a.f. - sensitivity, source of 
salts 11 drinking water and 41 

LemQ!l&de 84 - sensitivity, smoking and 40 
Lindane 86, 90, 107 - sensitivity test 36 
Lond<m 19, 111 - source and 26 

120 



- Threshold Concentration Standards for drinking 
(OTC) 5, 77, 105, 146 a.f. water 2, 62, 83, 99, 110 

-quality 8, 28 Stevens power law 7, 95 
Olfaction 4 Storage reservoirs 75, 106, 107 
Olfactory epithelium 3 Streptomycetes 14, 106 
Oral cavity 3 Structuurschema-1972 12 
Ozone 107 Styrene 105 
Ozonization 45, 107 Sucrose 10 

Sulphates 15, 59 
Panels 41, 52, 101 Sweet 9, II, 89 
Particles, brown or black 24 Synergy 8 
Pesticides 86 
Phenol IS Tartaric acid 10 
Phenols, chlorinated 12, IS Taste 
Phenylthiocarbamide 10 -buds 9 
Phthalates 72, 74, 89, 102 -intensity 10 
Pilot inquiry 20 - intensity estimation by 
Polynuclear aromatic measuring chemicals 102 

hydrocarbons 67, 89, 102 -Number 107, 108 
Potassium fluoracetate I - Number and ozonation 108 -
6-n-Propylthiouracil 10 - opinion on 29 
Psychophysics 4 - quality II, 28 
Putrid 28, 44,49 -rating 26, 28, 46, 84, 102, 
Pyridine 40 108 

- rating, odour sensitivity 
Quinine 10,88 and 50 
- sulphate 10 - rating, sex and 49 
4-Quinone 105 -scale 43 
- Resins, ion-exchange 109 -, source and 26 

- 'Threshold Concentration 
Reuse 109, 110 (ITQ ss. n 
Rhine 12, 45, 88, 108, 109 -, year of construction of 
- convention against house and 28 

chemical poUution 16, 109 Tea flavour 26, 28, 85 
Rotterdam 12 Temperature 

- assessment 25, 84 
Safety rating 32,85 -, effect on taste intensity 10 
Saliva 9, 10, ss. 61 -,source 25 
Salty 9, II -, type of house and 25 
Sampling of tapwater 44 Teratogens 89 a.f. 
Sensory interaction II Terpenes 106 
Sesquiterpenes IS Tetrachloromethane 72, 74, 75, 89 
Sex, distribution of 23 Tetrachloroethene 70, 74, 107 
Shower 26 Tiwnes river Ill 
Signal detection theory s Toluene 70, 72,74 
Smoking, effect on odour Toxicity 

sensitivity 40 -,acute 87,93 
- effect on taste sensitivity 10 -,chronic 86,93 
Sodium Triads, method of 42 
-carbonate IS Trichlorobenzene 76, 78, lOS 
-chloride 10, II, 56, 51 Trichloroethene 73, 89 
- hydrocarbonate 14, 56, 58 Trichloronitromethane 73 a.f. 
-sulphate 56, 59 Trichlorophenol lOS 
Soup 85 Triethyl phosphate 76 
Sour 9, II Trifluoperazine II 
Source 1,3,5-Trimethylbenzene 14, 70, 78, lOS 
- distribution of 22 Turbidity 13 
- knowledge of 29 - assessment 23 
Stains 13 
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Undecanal 7~ Weber's law 7 
Undecene 7~ WHO 99 
US EPA 100, 104 

XAD fD 
Vecht 1 Xylenes 40,72 
VEWIN 19, 2D 

Zinc 13, 16 
Warning mechanism 11, 83 a.f., 93 
Waste water 109 

,\_ 
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Sensory Assessment 
of Water Quality 
The first book to cover in depth the subject of the 
sensory assessment of water quality, it gives a 
theoretical introduction to, as well as many practi
cal applications of, the sensory assessment of 
water quality. It describes a study of the taste 
assessment and chemical composition of drinking 
water which is unique in its extensive design and 
surprising results. The author, Dr. Ir. B C J 
Zoeteman, is Head of the Chemical Biological 
Division of the National Institute for Water Supply 
in The Netherlands. He has acted as consultant or 
temporary advisor to various meetings of the 
World Health Organization (WHO) and the 
Organization of Economic Cooperation and 
Development (OECD) and is a member of the 
Working Group of the International Rhine 
Commission which deals with chemical pollution. 

Also of interest and in this series 

AQUATIC POLLUTANTS: TRANSFORMATION 
AND BIOLOGICAL EFFECTS (Proceedings of 
the Second International Symposium) 
Editors: 0 Hutzinger, I H Van Lelyveld & B C J 
Zoeteman 

"This volume will be useful as a review of the 
present knowledge but also to stimulate further 
thought and research." 

Bulletin d1nformation Ecochem 
''Participants included internationally known 
scientists, chemical and environmental 
engineers, and administrators of governmental 
ministries and agencies concerned with environ
mental regulation. . . . Each paper is well docu
mented and provides a good review of present 
knowledge. " Choice 
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