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Why does tap water
have a taste

Contents or smell?

2 Interview Odorless or tasteless water does not exist,
?Sﬁiffe“m“’ Veolia’s Water Research neither does chemically pure water in its natural state. Water can be

4 tasted like wine, its taste and smell can be enjoyed, sought out and
Research program compared as is illustrated by the recent opening of water bars. Yet,

Unknown odor compounds identified in

Sweder. saying that tap water has a taste or smell would imply that it has a bad

taste or a bad smell, which would lead to reluctance to drink it and fear

5 Methodologies for one’s health. However subjective these sensory perceptions may be,
It all starts with tasting. the dissatisfaction which they cause is nonetheless real. According to
arecent parliamentary report in 2002, 40% of the French population
6 3 questions for... found that water had an unpleasant taste. What makes water taste
Genevieve Leboucher, Veolia Eau's unpleasant? For over 5 years, researchers at Veolia have been working
Marketing Division.

towards finding an explanation. They have been breaking down,
7 . identifying, characterizing and finding the sources of compounds
Technologies e . : .
Seizing the elusive. contained in water in order to neutralize them and give water a pleasant
taste.
8 Research program

Rennes continues to recapture the taste of
water.
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« In the absence of adequate
tools, studies on the
organoleptic characteristics of
water have recently started. »

While 15 % of humanity has no access to drin-
king water, isn’t a luxury to be concerned about
how water tastes?

« It is a luxury in that healthy water flows
from taps. In Western countries, essential
needs are covered, but comfort needs are
evolving. Not long so ago,in France, the in-
dication “water and gas on all floors” could
be seen in buildings. Running water at
home was seen as a comfort good. Today,
consumers are more demanding and com-
plain when water is not to their taste. But
when drinking water has such an unplea-

sant taste that it is undrinkable,

the concentration levels of odor compounds
observed in water networks do not pose a
health risk. »

What is tasty water?

« Thereisno criteria to define the taste and
smell that water should have. Based on
French regulations, water should be clear,
limpid, balanced in mineral salts and plea-
sant to drink. Looking into the taste of wa-
ter and the pleasure it brings to consumers,
means leaving the field of sanitary quality,
which can be measured using tests, and
entering into the more subjective field of

“In the absence it is no longer a case of luxury.
of regulatory criteria, Warm countries, in which water

Veoha lntervenes is scarce and seldom renewed,

have all the conditions for this
when dissatisfaction resource to give off smells. For
” instance, water in a certain

arises”’ australiantownhasa septictank

taste quality. Despite the absence of asses-
sable regulatory criteria, Veolia intervenes
when dissatisfaction arises. »

Since when have researchers at Veolia been
working on the taste of water?

« For several years now. Before, it was hard

smell. This water, which is natu-
rally rich in algae, has a content in certain
odor compounds 1000 times higher than
that in French towns where there are com-
plaints about water having a moldy smell.
Furthermore, concerns about bad taste in
water not only affect rich countries. During
itslast conference, the International Water
Association brought together researchers
from 75 countries, including Chile, Brazil
and Sri Lanka. »

Does a bad taste indicate a health risk?

«Itis hard to convince the public that drin-
king water is safe if it has a bad taste or
smell. It would be seen as unsafe, and yet

torespond to complaints: the measurement
chain for odor compounds, (from drawing
samples to the laboratory, to handling
samples) was ill-adapted to the problem,
especially since in most cases bad taste in
water is fleeting. Capturing, isolating and
identifying volatile compounds present in
water in infinitesimal doses among many
other compounds, all require complex tools
and highly sensitive analytical techniques.
The use of a TwisterTM, a small trap for
sampling, and a gas chromatograh links to
a mass spectrometer and an olfactometer
allows us to make progress today. However,
the palate and nose are still irreplaceable to-
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olsin the process! Although it is subjective,
tasting is the starting point for our research
work. It provides the primary clues to guide
us in an area of research. »

What does your work involve?

« Improving the taste of water and making
sure that consumers like it». To get rid of
bad tastes, we have a three-step approach
which is largely similar to that used by
Forensic Scientists!

Firstly, we identify and collar the com-
pounds responsible. Then, we attempt to
understand their biochemical evolution-
which involves investigation, analysis
and reflection, to find out how they come
about and are transformed. Lastly, we work
alongside operators of treatment facilities
and managers of distribution networks
to find solutions to neutralize them: im-
plementing new processes or improving
existing processes, or operating conditions.
Our approach is pragmatic. We are gathe-
ring experience in order to create a data
bank on water smells and tastes, which
will eventually allow us to better detect
and diagnose their source and get rid of
them faster. »

Where does the bad taste come from?

« The causes are numerous, variable and
versatile! In order to find them, we have to
solve equations with several unknown fac-
tors: finding the compounds responsible,
the agents that produce them and the envi-
ronments in which they are formed. When
water has a bad taste, this could come from
the resource, the treatment facility and/or
the pipes. Our experience in Sweden shows
that although a resource which is particu-
larly rich in organic molecules can be at the
root of a moldy taste, it cannot be the only
factor: there is responsibility somewhere
along the chain. A chlorine taste can be de-
rived from treatment, and to alesser extent,
from chlorination before distribution or in
networks. »

Why do pipes affect water’s taste?

«Itis essential to differentiate between the
public and private distribution networks. In
most cases, odor compounds nest in buil-
dings, where water remains more static.
All it takes to get rid of the moldy taste is to
let water run a bit before drinking it. The
dilapidation, composition and even the in-
terior coating of pipes are also to be blamed.
In some cases, old pipes discharge metallic
compounds. They are also more exposed
to development of biofilm, which nests in
their rough surfaces, resulting sometimes

... Continuation of interview on page 5
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GEOSMIN actinomycetes earthy 4 ng/l ;{ i;%?_i;ﬁ:;?sand
2-METHYLISOBORNEOL (MIB moldy 15 ng/I :{ i;:;?ﬁ;ﬁ;fsand
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CYCLOCITRAL fruity 2,000 ng/l  cyanobacteria
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IONONE violet 7ng/l algae, cyanobacteria
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Unknown odorous moleculs
identified in Sweden

Water has smelled moldy in Nortalje for the past ten years. After
managing the drinking water plant in this town of approximately
35,000 inhabitants since 2003, Veolia has now found the solution to

this problem and has started altering processes accordingly.

Water in Nortalje is drawn from a forest
lake into which the surrounding trees
drop their residue. Rich in extremely so-
luble organic matter from the source, it
was unclear as to why the water reaches
people’s homes tasting moldy.

Odorous molecules

For the first time ever, Veolia set up a
Twister™ to find the answer. As a result
of testing, 4 odorous molecules and their
precursors were identified, 4 of which had
never been listed. This also meant 4 new
compounds, which did not appear on the
shelves of the olfactory
library. Researchers rac-
ked their brains and es-
tablished the connection
between their structural
‘fingerprint’, as detailed
by a mass spectrome-
ter, and the existing
molecules.

The network in the
spotlight

They then tested water samples for a year
at various locations along the network.
They concluded that the moldy taste was

present everywhere and varied little from
season to season. It could, however, sud-

environment can,

change the taste.”

denly appear within the space of an hour.
All of these elements helped to conclude
that the network itself was the cause of
various odor compounds.

A history of developments

Researchers have explained the appea-
rance of the moldy taste by a combination
of factors linked to the resource, treatment
and network. The chlorine used to purify
the water transforms the organic mole-
cules present in the resource into odor
compound precursors, which are in turn
transformed into odor compounds by the
micro-organisms
“« lining the walls of
A HOISy the pipes (biofilm) —
indeed the Swedish
are rather against
y» chlorinating their
networks.  After
three years of inves-
tigating, researchers have handed over
the remedial phase to operators. Process
adjustments are currently being carried
out within the drinking water plant, in
particular in order to hone the chlorina-
tion process — milder techniques, which
should avoid generating odor compound
precursors.

for example,
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It all starts with

tasting

Tasting is the very foundation of research on the taste of water.
Pinpointing a smell or a taste and defining it with words helps to
steer analytical studies in the right direction.

Weekly sessions

Taste and smell are personal assess-
ment criteria and, as such, Veolia’s Water
Research Center organises “tasting ses-
sions” which, similar to consumer panels,
are held once or twice a week in order to
smooth out subjective perceptions and
highlight general trends. A dozen resear-
chers volunteer to test the waters. They
will have followed basic
taster training (initiation
to taste and smell phy-
siology, identifying fun-
damental tastes). They
taste the water as they
would wine, looking to
describe its flavour.

Clues on the ge-
nerating factor

Water said to smell of mold, grass, waste
oil, algae or medicine indicates the pro-
bable cause of the taste. The sharper the
assessment — making out a taste of mus-
hroom, humus, earth, or cork requires a
certain amount of experience —, the more
precise the given direction will be, and the

easier it will be to find the source and act
on it.

Threshold effects

Tasting also helps to define the percep-
tion threshold of smells and tastes. A
calibrated system that identifies, out of
the multiple odor compounds present in
a sample of water, those which are res-

ponsible for a bad taste,

“T'h ey taste in particularif they taste
the water as they

would wine,
looking to describe compounds

itsﬂaVou_r 9 give the same taste are

the same. Knowing the
perception thresholds
also makes it possible to
observe whether, when
which

mixed together, the tas-

te is brought out or not.
Furthermore, the nose has a key role in
assessing efficiency of the “deodorising”
measures implemented (see Rennes is
drinking tap water again).

Sessions

Three tasting ses-
sions are currently
underway at the
Maisons-Laffitte
centre. Researchers
are testing: water
artificially charged
in odor compounds
to determine per-
ception thresholds;
municipal water
circulati
pilot ne
study
effects o
and the
faces on
of water.

... Continuation of interview on page 3

in a moldy taste. PVC and cast iron pipes,
are more sensitive to biofilm than others...
When in contact with chlorine, plastic pipes
can produce trichloroanisole, which, when
highly concentrated, smells of medicine,
and if transformed into trichlorophenol
by bacteria, gives a moldy taste.. Some
resin pipes used in anti-corrosion treat-
ment of networks, discharge more or less
organic compounds depending on their
composition...»

What solutions exist to get rid of unpleasant
tastes and smells?

« A wide range of solutions for a multi-
plicity of causes. Action can be taken at
each stage of water treatment- aeration,
filtration, coagulation, disinfection, acti-
vated carbon adsorption, biological treat-
ment...- and at the network maintenance
level- cleaning, upgrading, replacement...
However, developing treatments to rid wa-
ter of ultra diluted compounds is a tricky
task. We normally use more concentrated
substances to decontaminate water. To
make a comparison, trichloroanisole begins
to smell as of 0.03 ng/1 (1), while European
potability standards for pesticides stand at
100 ng/l. Generally, the measures needed
to eliminate unpleasant tastes are costly,
while the latter are often fleeting. There
should be a balance between the satisfac-
tion requirement and expenses to be in-
curred, which in the end depends on what
the consumer-citizen is willing to pay for
the taste quality of water. »®

(1) 1 nanogram = 10-9gram.
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Genevieve Leboucher

Why undertake research on the taste and

Genevieve smell of water ?

Leboucher,

Head of Veolia Eau’s
Marketing Division

« Improving the taste of water is a prio-
rity for consumers and local authorities.
Veolia is therefore obliged to come up to
these expectations. Generally, the French
trust tap water (84% of the population)
and are satisfied with its quality (76%).
However, based on our, they attach an
increasing amount of importance to the
taste of water, to the point of making it
the first water service assessment criteria
this year (for 53% of them), ahead of infor-
mation on the quality of water (34%) and
its price (32%). Despite the fact that only
1% of water distributed is actually used as
drinking water, they still judge the ove-
rall service quality based on the taste of
water. »

genevieve.leboucher@veoliaeau.fr

What were the causes for dissatisfaction ?

« Perceptions in water taste vary from one
country to another and depend in part on
consumption habits. 24% of the unsatis-
fied French bring up chlorine, limestone
and bad taste as the main cause for dis-
contentment. The Italians also complain

Twister™, the odor stealer
Invented in 1999 by the Belgian ist, Pat Sandra ncentrate volatile compounds in a liquid
solution in order to identify the ister™ is a sma netic bar, 1to 2 cm long and Tmm in diame-

ter, inserted inside a thin layer of glass covered in silicone. The magnet makes the device spin when it is
plunged in the liquid — hence the name Twister — in or eed up the transfer of compounds. The
silicone then stores them. Veolia came up with the id| ing this piece of equipment as an odor

d detector in ol
of the smell
e (it can even

trap, indeed as a hook, fixing de:
sample, it picks up or r

release them. This
vantage of being able
In order to “steal a
“camera’, preserving

ing it in a 250° environment, it will
e general public) has the main ad-
o transferring, which encourages loss.
even be used a few days running as a

of chlorine and limestone but 60% of the
population of this country is dissatisfied
with tap water. Nearly 80% of them drink
bottled water, making them the biggest
consumers of bottled water in Europe. Is
that the reason why they don’t like tap
water or is it the other way round? 53%
of Germans are very satisfied with tap
water and only 28% actually drink it! In
Germany, water is generally chlorine-free.
This may be the reason for their high sa-
tisfaction. We therefore need to have a
local approach to water tasting. »

“Perceptions

in water taste
vary from one country
to another

and depend in part on
consumption habits.”

Will we eventually work on the taste of water
as we do with wine in order to obtain different
products corresponding to each consumer’s
taste ?

« We are already “working” on water ob-
tained by reverse osmosis desalination:
enriching it in mineral salts in order to
make it digestible by the human body.
Some countries ask us to add fluorine to
prevent tooth decay. Even if this may seem
a little far-fetched, adding a particular
taste is therefore technically conceivable!
From a more commonplace outlook, as
oenologists strive to make certain aromas
stand out in their wine, we are currently
working to make water taste as neutral as
possible and are studying the entire water
chain in order to do so. Research can help
to improve taste quality of water through
better knowledge of resources, adapting
water treatment lines, understanding the
evolution in the taste of water in distribu-
tion pipes, and even designing network
treatments. »



Scientific Chronicles
Supplement

TECHNOLOGIES

Seizing the eIuswe

no. 9 / The taste and smell of water / January 2007
Research & Development

(

By studying the smell and taste of water, researchers have tackled the
complex world of subtlety and volatility. In order to find the cause

of bad taste, they have to use their intuition and turn to extremely
sensitive and sophisticated investigative and analytical technologies:
with a dilution rate in picograms (1072 g/L).

Game of hide and seek

Even when a bad taste chronically affects
tap water, it often appears only on occasion.
Odor compounds are fleeting, unstable, and
present inhomeopathic doses. They quickly
disperse and their chemical composition is
not yet fully understood. Tasting remains
the most reliable way to detect them when
they do indeed appear but capturing them
still remained a real problem until fairly re-
cently. How do you fix evanescent molecu-
les? The use of Twister™, an ultra-sensitive
captor/recorder (absorption trap) has, since
1999, resolved the issue (see above).

Sorting and transferring
vapors

Once fixed on the Twister™ (small magnetic
bar), the odor compounds have to go through
a different process to be analysed indivi-
dually. The Twister™ is placed in a desorber/
condenser, allowing the compounds desor-
bed from the Twister™ to be sent on a chro-
matographic column in order tolocate them.
Desorption/condensation operations can be
compared to a sauna session interrupted by
an ice-cold bath: a rapid heating session at
250 °C (12°C/second) extracts the molecules
from the Twister™, followed by a sudden
plunge into —100 °C liquid nitrogen making
them enter as a blocinto the chromatograph

Taste a
A gas ch
volatility. It is combined

Smell Resel c}: Lab

an olfactometer, whic

ory in Maisons-La_E‘itfe—'

gatograph is used to decompose water and isolate mole c
; 4 WWWP&CT"’W 1, which gives their
, which helps to locate those that have a smell.

where they will be very gradually heated up
again to 300 °C (2°C/minute). They will then
arrange themselves along the column accor-
ding to their boiling point.

A drop in an Olympic size
swimming pool

Thus, the compounds can be identified by
the mass spectrometer and sorted by the ol-
factometer. The mass spectrometry detector
sees each of the compounds go through one
by one, breaking them up and identifying
them as the olfactometer simultaneously
characterizing their flavour. Odor com-
pounds can only be located by smell - a tiny
minority representing approximately a mil-
lionth of the organic compounds present in
drinking water, themselves only

in minute concentration (3mg/l). “Re sed rchers

Researchers then isolate them th late th d
during “sniffing” sessions, which en isolate them unng

require intense concentration snlﬁng SeSSlon S

for thirty minutes or so—beyond

which perceptions become blur-

red. By combining intuition and structural
analysis, odor compounds can be defined:
the taste and smell of water finally deliver
the secret of their identity.

to their degree of
erprint, as well as
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Rennes continues to
recapture the taste of water

According to a CECOP 2005 survey, 58% of Rennes’ inhabitants are
satisfied with the taste of tap water compared to 38 % in 2003. Out of
the third of the population declaring themselves regular drinkers of tap
water, 84% of them are satisfied with it. When water was no longer
attractive because of its chlorine taste, jugs of water started to reappear
on restaurant tables and in school canteens. A look into Veolia Eau’s
project to recapture the taste of water in Brittany’s capital city over the

past 4 years.

Tackling the taste of water is an difficult
task in Rennes: drinking water

“A Weaker Chlorin esm ell is produced by three plants and

from a blend of 5 different sour-

has been Cleaﬂy ces, with the city divided into 2
observed.” distribution zones. A chlorine

This scientific chronicles supplement co-
mes with a video on «The taste and smell of
water »

IThe 4-minute video was produced with the
help of Marie-Odile Monchicourt (journalist

for France Info).

Discover the video and the supplement on
the Veolia Environnement’s intranet and in-
ternet sites (R&D section).

Special thanks to:

Our expert, David Benanou (Head of the Chemical
Expertise Team at Veolia’s Water Research Centre)
and his team.

Our witness: Gwenaelle Bru (Executive assistant,
Veolia’s Industrial Markets Division).

Geneviéve Leboucher (Veolia Eau Marketing
Division),

for their contribution and help.

Publishing and editorial director: Fanny
Demulier
Editorial manager : Anne Dequeker-Cormont
Editorial assistant : Monik Malissard
Design : Dream On
Contact details:
Direction de la Recherche, du
Développement et de la Technologie
19 rue La Pérouse 75016 Paris - France
Tél : +33 (0) 1717510 88
Fax : +33 (0) 17175 05 92
Mail : fanny.demulier@veolia.com

taste, which varies depending
on the time and the place, is frequently
reported.

Tasting markers

The taste hunt started in 2002 when a pa-
nel of tasters was set up. The objective was
first to map the city into taste zones, then
to assess the efficiency of the actions un-
dertaken and finally, to guarantee regular
monitoring of the taste of water. Tasting
sessions first took place every week and
are now scheduled every 3 months for 30
days. Out of the thirty tasters, half of these
individuals work for Veolia and the other
half for the city’s technical services. They
have all received training.

Chemical analysis research

The Twister™ is used to identify molecu-
les responsible for taste in resources and
treatment plants and to analyse the im-
pact of technical changes implemented.
Taste being particularly fleeting with the
general public, Veolia researchers have
perfected a system in which Twister™
captures the water compounds found in
networks for 3 days running. Testing them
provides a scientific complement to taster
observations.

Expanding the network’s
re-chlorination

The first results have come following the
installation of 5 chlorination stations on
the network. Rather than injecting chlo-
rine in high doses on the way out of the
water plant, irrigating 550 kilometres of pi-
pes in Rennes, it is distributed in gradual,

more restricted doses, never higher than
0.3 mg/l (a threshold at which consumers
notice the substance). A weaker chlorine
smell has been clearly observed by the pa-
nel of tasters.

Carbon’s leaps and bounds

Modernizing one of the drinking water
plants has meant passing a major taste
quality milestone. The installation of a gra-
nulated activated carbon filtration system
and coagulation-flocculation optimisation
have resulted in a decrease in the organic
matter rate, beneficial as the earthy taste
has disappeared (not as strong as chlorine
but bothersome all the same), and a near
40% cut in the quantity of chlorine needed
to purify water.

The contribution of network
modelling

Moreover, developing a hydraulic model-
ling tool to observe the way water circu-
lates and chlorine is distributed in the
network represents a precious decision-
making tool. A surplus of pipes has been
removed in order to reduce water’s journey
time. This prevents the risk of moldy tas-
tes developing. Chlorination has also been
adjusted as a result. « Controlling water’s
chlorination and journey time across
the network is a battle that we fight eve-
ryday», underlines Sébastien Neaud, the
Agency’s Network Manager. « In addition
to corrective measures carried out in the
plant, good network management is an es-
sential condition in guaranteeing pleasant
drinking water.»
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