
WO 01/91891 1 PCT/FR01 /01713 Method of checking the integrity of a
nanofiltration or reverse  osmosis module, or of a system of such modules 5
~  10 The present invention relates to a method adapted to check the
integrity of systems of nanofiltration or reverse osmosis modules such as
those  which are used in the processes or separation and concentration of
solutions, in  particular in the field of water treatment. The technique of
water purification supplied by membranes has an  15 increasing number of
industrial implementations of all capacities. The fields of  membrane
filtration techniques overlap but are generally divided into: -
microfiltration, in the region of pore diameters of approximately 0.5pm,  -
ultrafiltration, in the region of pore diameters of approximately 10 nm, -
nanofiltration, having a cut-off capability of around 1 nanometer or 250
20 daltons (in practice from 200 to 300 daltons for nanofiltration
membranes  currently on the market), - reverse osmosis below 1 nanometer.
Nanofiltration makes it possible to eliminate a substantial proportion  of
the dissolved organic pollution and certain mineral ions. More
particularly, it  25 enables soluble organic minerals and certain mineral
ions of quite large "apparent" size. On account of this, nanofiltration
overlaps the field of reverse  osmosis. Nanofiltration is also referred to
as "low pressure reverse osmosis" or  "hyperfiltration". Due to its very
low cut-off thresholds, nanofiltration ensures total  30 microbial
sterility. Nevertheless, in industrial installations, nanofiltration
membranes are  



mounted within nanofiltration modules, and these nanofiltration modules are
themselves implemented by virtue of arrangements of a high number of WO
01/91891 2 PCT/FR01/01713 modules capable of ensuring the required
throughput. Thus, even though  nanofiltration is inherently impermeable to
bacteria and viruses at membrane  level, the arrangement of a high number
of modules may include connection  defects which put in doubt the
impermeability of the modules. 5 Furthermore, the possibility always exists
of modules that are  defective or badly constructed (poor glued joints of
the membranes, holes not  detected in the membrane, etc.). There are two
general configurations commonly used to mount  nanofiltration membranes
within a module: 10 - a so-called "spiral" configuration implementing flat
membrane  sheets, separated by spacers, rolled around a tube collecting the
filtrate (that is  to say the part of the fluid to be treated which has
passed through the  membranes, in contrast to the concentrate which is the
part of the fluid which  has not passed through these membranes and in
which are concentrated the  15 impurities held back by the membranes. - a
so-called "hollow fiber" configuration, in which the membranes  appear in
the form of bundles of capillary fibers. Whatever the type of
configuration, the modules (in general of a  diameter of 8 inches and a
length of 40 inches for industrial water treatment  20 installations) are
connected to each other, in principle in series, within so-called "pressure
tubes". A complete nanofiltration system may comprise several  pressure
tubes mounted in parallel, conventionally fixed onto units (or skids), or
even most often several units (or stages) each formed by a plurality of
tubes. The problem which arises in practice is that of detecting a defect
in  25 the integrity of a module, or of a system constituted by a plurality
of modules, of  



which the origin lies either with the membrane themselves, or with the
joints,  and which results in a passage of the fluid directly from the
dirty side of the  membrane (concentrate) to the clean side (filtrate)
through the pierced  membrane or deficient joint. 30 Thus there are two
main categories of checking methods applied to  models taken individually,
that is to say methods of detecting the modification of  the integrity of
modules for nanofiltration or reverse osmosis. WO 01/91891 PCT/FRO1/01713
3  methods implementing quality control of the water produced,  i.e. of the
filtrate (in particular by measurement of conductivity, or by
bacteriological analyses),  methods implementing leak detection using a
physical process  5 (for example measurement of throughput, or measurement
of low pressure ).  These methods are implemented on the filtration modules
taken individually and generally placed on test-beds; they cannot be used
to locate  defects in connections within a system in operation. The method
may also be cited of leak detection by noise  1o measurement proposed in
document W099/44728, but this method is not  applicable to reverse osmosis
nor to nanofiltration, the latter two methods  requiring operation in
tangential flow mode of the membranes. This is because  this mode uses
higher pressures and speeds, and consequently the noises of  leaks cannot
be distinguished from ambient noise. 15 Methods also exist which apply to
overall systems of modules; these  methods in principle use measurements of
conductivity of the water produced  by the systems. Thus, for the
desalination of sea water by reverse osmosis, a  measurement of
conductivity is generally sufficient. However, for nanofiltration  membrane
systems, the measurement of conductivity of the water produced by 20 the
systems does not enable defects to be detected with the necessary
precision. This is because, by nature, nanofiltration lets through a high
number  



of salts such as calcium, chlorides, nitrates, etc. without this being
attributable  to a defect in the integrity of the system. The object of the
invention is to alleviate the drawbacks of the known  25 methods, by virtue
of a method making it possible to detect a leak, in particular  of living
micro-organisms (such as bacteria, viruses, protozoa, and especially
Cryptosporidium and Giardia), through a nanofiltration or reverse osmosis
module, or in a system formed from a plurality of such modules, without
cessation of production, this detection able to be carried out pseudo 30
continuously, that is to say in a regular manner, in barely a few minutes,
in a  simple and reliable manner, in practice by a sample measurement of
concentration. WO 01/91891 PCT/FR01/01713  4 In fact the invention is based
on the discovery that it is very generally  possible to choose, in the
fluid to be filtered, a compound of which the  concentration is normally
very low in the filtrate in the absence of any leak, but  for which the
concentration increases very rapidly in case of failure of a 5 membrane or
a connection joint, this compound being such that its  concentration
increases, in case of degradation of the membranes or of the  joints,
sooner than the concentration of living germs. This is because
nanofiltration or reverse osmosis membranes are not  adapted to eliminate
matter in suspension. On the contrary, these methods  10 have to be
supplied with water for which the non-dissolved particulate content is
already very low. As particles are absent at the input, it is thus not
possible to  use measurements linked to matter in suspension to detect
leaks (turbidity,  counting of particles, matter in suspension, etc.).
Nevertheless, nanofiltration or reverse osmosis membranes are used  15 to
separate dissolved matter. The size range of the molecules kept back
extends from organic macromolecules to ions. Greater or lesser separation
of  dissolved matter is ensured as a function of the separation power of
the  



membrane (very great for inverse osmosis, less great for nanofiltration).
For inverse osmosis membranes, the holding back of salts, of all  20 kinds,
is higher than 90%. For the most "open" membranes of the nanofiltration
range, the holding back of salts is a function of the quality of the water
at the  input (Donnan effect), of the concentration of the salts, of their
hydration, and of  their size. It is common, for the latest generations of
nanofiltration membranes,  that for example more than 50% of calcium and
hydrogen carbonates to pass 25 through the membranes. For these membranes,
an overall measurement of the  quantity of salt in the water produced (for
example by conductivity) does not  enable leaks to be detected.
Nevertheless, certain polyvalent ions, such as sulfates and iron are
always perfectly held back by the membranes, whether they be nanofiltration
or  30 reverse osmosis membranes. When a leak occurs in the system, the
concentration of these polyvalent ions thus becomes greater than that in a
system that is sound. WO 01/91891 PCT/FR01/01713  5 For the most "open"
nanofiltration membranes the possible ranges  for passage of analyzable
compounds expressed in % are described in table 1  which gives, by way of
example of the use of nanofiltration for a given natural  water, the
indication of the degree of passage through nanofiltration 5 membranes of
various compounds identified. In this table, the passage of a  compound is
formulated as follows: Passage (%) = 100 x (concentration of the compound
in the filtrate /  concentration of the compound on the concentrate side)
The concentration of the compound on the concentrate side is  1o defined as
the mean between the input of the tube and the concentrate of the  tube. It
is worth noting that it is possible to identify a compound present in  the
water supplying the membranes but normally kept back to a high proportion  



by those membranes, and consequently capable of being detected when a 15
concentrate/filtrate leak occurs and which is easily measurable in the
field. It is  even generally possible to identify such a compound which is
both present in a  large quantity in the supply water as well as being
strongly rejected by the  membranes (least possible passage). Ions or
compounds such as chlorides and bicarbonates which are  20 easy to measure
have a level of passage which may be judged to be too high.  Furthermore,
the level of passage of certain compounds is strongly linked to the  pH of
the water: this is the case in particular with carbonated compounds which
may pass in the form of carbonic acid, idem for silicic or boric acid which
are  molecular in their acid form and thus pass through the membranes in
contrast to  25 their ionic forms. However, the sulfate ion has numerous
advantages: - it is naturally present in sea water and surface water, -
being an ion of a strong acid, its form remains unaltered whatever  the pH
of the water, 30 - measuring its concentration is rapid and undemanding, WO
01/91891 6 PCT/FR0I/01713  - sulphuric acid is often added to adjust the pH
at the input to the  membranes, which further increases the quantity of
sulfate ions on the  concentrate side of the membranes. Moreover, it has
been possible to verify that, in the case of leakage in  5 a nanofiltration
or reverse osmosis membrane, a compound such as a sulfate  begins to be
detectable before a detectable quantity of micro-organisms passes  through
the defect in the membrane or the connection joints. Consequently, the
invention provides a method of checking the  integrity of a system of
nanofiltration or reverse osmosis modules adapted for  10 the treatment of
a supply fluid and of detecting leaks of living micro-organisms, 



each module comprising nanofiltration or reverse osmosis membranes and
connection joints of these membranes, comprising steps consisting of:
choosing a dissolved compound in the supply fluid which is in significant
quantity but which is normally strongly kept back by the membranes, 15
measuring the value of the concentration of the compound in a downstream
zone of a module of that system,  comparing this measured value with a
reference value, and  recognizing the existence of a defect in that zone of
the system when that  measured value is greater than the reference value.
20 Preferably, when the system comprises at least one plurality of  modules
mounted in parallel, this method comprises steps consisting of: * measuring
the value of the concentration of that dissolved compound in similar
downstream zones of each module of that plurality, * comparing these
measured values for each module, 25 * identifying those of these values
which are the least, and identifying as  reference value a value at least
approximately equal to those least values, * recognizing the existence of a
defect in one of the modules mounted in  parallel when the measured value
for that module is greater than that reference  value. This makes it
possible to detect, without a reference being given in 3o advance, that one
of the modules mounted in parallel which, the case arising,  comprises a
defect. WO 01/91891 PCT/FR01/01713  7 Naturally this applies to the case in
which the modules mounted in  parallel each form part of a series of
modules. Thus according to another  preferred aspect of the invention, the
general method defined above is  characterized in that, the system
comprising a plurality of series of modules  5 mounted in parallel, that
method comprises steps consisting of: * measuring the value of the
concentration of that dissolved compound in similar  zones of each series, 



* comparing these measured values for each series, * identifying those of
these values which are the least, and identifying as  10 reference value a
value at least approximately equal to those least values, * recognizing the
existence of a defect in one of these series when the  measured value for
that series is clearly greater than that reference value.  Advantageously,
to identify the element in that series which comprises the defect, the
method of the invention is characterized in that it  15 further comprises
steps consisting of: * measuring the value of the concentration of that
dissolved compound in a  plurality of zones chosen along the series of
modules, * for each value of the concentration measured for a given zone,
taking a  reference value substantially equal to the value of the
concentration measured  20 for the zone situated immediately upstream of
that given zone or, if lacking, of  the zone situated immediately
downstream of it, and * recognizing the existence of a defect in a given
zone when the value which is measured there is greater than the associated
reference value. In this last case, it is advantageous for the zones chosen
along the  25 series of modules to comprise at least one zone downstream of
each module  and one zone of each connector connecting a module to the
following one.  Thus each element of the series is actually tested. In an
advantageous manner, to obtain a measurement representative  of the whole
series of modules considered, the value of the concentration of that  3o
dissolved compound is measured in a sample of fluid taken from a zone
containing fluid coming from each module of that series. WO 01 /91891
PCT/FR0I /01713 8 The above applies to the case of a series of modules
independently  of any prior detection of defect in it, in which case the
method is characterized  in that, the system comprising at least one series
of modules, this method  comprises steps consisting in: 



5 * measuring the value of the concentration of that dissolved compound in
a  plurality of zones chosen along the series of modules, * for each value
of the concentration measured for a given zone, taking a  reference value
substantially equal to the value of the concentration measured  for the
zone situated immediately upstream of that given zone or, if lacking, of
1o the zone situated immediately downstream of it, and * recognizing the
existence of a defect in a given zone when the value which is  measured
there is greater than the associated reference value. In this case too, as
in the case of several series of modules, the  method of the invention is
advantageously characterized in that the zones  15 chosen along the series
of modules comprises at least one zone downstream of each module and one
zone of each connector connecting a module to the  following one.
Preferably, when the system comprises at least one series of  modules, the
value of the concentration of that dissolved compound is  20 measured in a
sample of fluid taken from a zone containing fluid coming from  each module
of that series. It appears clearly from the explanations given with respect
to table 1  that it is especially advantageous to choose sulfate as the
compound of which  the concentration is measured. 25 Aims, features and
advantages of the invention will appear from the  following description,
given by way of non-limiting illustration with reference to  the
accompanying drawings in which: * Figure 1 a is the sulfate concentration
profile (in mg/I) along a series of  modules, or a tube, of the first stage
of a nanofiltration system having a leak at  30 the connection between the
second and third modules, WO 01/91891 PCT/FR01/01713  9 * Figure 1 b is the
sulfate concentration profile (in mg/I) along a series of  modules, or a
tube, of the second stage of that system, having a defect at the  



connection of the third and fourth modules, * Figure 1c is the sulfate
concentration profile (in mg/I) along a series of  5 modules, or a tube, of
the third stage of that system, having a defect at the  connection of the
first and second modules and at the connection of the third  and fourth
modules, * Figure 2a is a graph showing the conductivity of 28 pressure
tubes of  the third stage, 10 * Figure 2b is a graph showing the sulfate
concentration in mg/I at the  output of the same pressure tubes as in
Figure 2a, * Figure 3 is a graph showing the evolution in the sulfate
concentration, in  mg/I, along a tube formed from 5 modules, * Figure 4 is
a graph showing the bacteriological analysis in the filtrate of  15 the
tubes of the system, and * Figure 5 is a graph showing the bacteriological
analysis in the filtrate of  the units or stages of that system. The
invention is described below, in a preferred embodiment, in  relation to a
system comprising a plurality of successive stages (or units), each  20
formed of tubes mounted in parallel, each of the tubes comprising modules
(6 in the example considered, another typical value being 7) with the aim
of checking  the integrity of the system of nanofiltration or reverse
osmosis membranes and  of detecting leaks of living micro-organisms (such
as bacteria, viruses,  protozoa, and especially Cryptosporidium and
Giardia) through modules 25 constituted by sheets of rolled (spiral)
membrane or having hollow fibers and by  joints. The method comprises the
steps consisting of:  taking a sample of water in the smallest assembly
constituted  by the filtrate tubes and the interconnectors (generally a
pressure tube  equipped with 5 to 7 modules coupled by connections), 30
comparing the value of sulfate ions or any other strongly  rejected
compound with the values of the other tubes placed at the same level  of
the system (also termed stage). An example is given in Figure 3. 



WO 01/91891 PCT/FR01/01713  10  If the sample of water thus taken has a
concentration of  strongly rejected compound (preferably sulfate) in the
range of the tubes having  a low concentration of strongly rejected
compound, the tube has no defect of  integrity, (see Figure 2b, the case of
tube No. 32 for example). 5 If the sample of water thus taken has a
concentration of  strongly rejected compound (preferably sulfate) greater
than all the tubes  having a low concentration of strongly rejected
compound, proceed with a  probing operation which will make it possible to
detect the defective module or  the defective joint, as described in the
next point, 10 with the aid of a probe, take a plurality of sample of water
along  the assembly constituted by the tubes of filtrate and the
interconnectors,  measure the concentration of strongly rejected compound
(preferably the sulfate) in the samples following the protocol described
for  example in the NFT90-040 standard or any other field method (kits  15
commercially available).  trace the longitudinal concentration profile
along the tube (see  Figures 1 a,1 b, and 1c). The longitudinal
concentration profile along the tube follows an  outline as shown in Figure
3. The longitudinal reference profile may be either  20 measured on a tube
for which the sulfate concentration is least, or else  calculated.
According to the operation it is possible to foresee different uses  among
which the following is cited in particular. By way of example, the method
described above was applied to the  25 nanofiltration plant at
Mery-sur-Oise which comprises 8 nanofiltration lines,  each producing
17500m3 of water per day and comprises 1140 nanofiltration  modules each of
approximately 37 m2. The nanofiltration modules are inserted  in pressure
tubes on the basis of 6 modules per tube. There are thus 1520  



pressure tubes in the Mery-sur-Oise plant. The modules are arranged in
three  3o nanofiltration stages organized as follows: - The first stage
receives the water to be treated of which the sulfate  concentration is
between 50 and 100mg/I approximately, WO 01/91891 PCT/FR01/01713  11 - The
second stage receives the concentrate from the first stage, - The third
stage receives the concentrate from the first stage,  5 A systematic
measurement of the sulfate concentration in the filtrate of the 1520
pressure tubes has enabled errors of assembly to be corrected,  which
consisted essentially of: 1. The replacement of 11 flattened or worn
interconnecting joints,  2. The installation of 20 missing joints 10 3. The
installation of 4 missing connectors 4. The changing of four broken
membrane elements. If they are not corrected, these assembly errors may
result in bad  fluid-tightness between the concentrate and filtrate
compartments of the  pressure tubes, letting a flow of concentrate through
into the filtrate collectors of 15 the tubes. The concentrate may be
charged with undesirable compounds,  above all bacteria. These assembly
errors cannot be detected by conductivity  measurements of the water
produced by the pressure tubes since nanofiltration  naturally lets through
certain ions (such as chlorides, calcium and hydrogen 20 carbonates), the
conductivity of the filtrate of the tubes is high in comparison  with that
produced by reverse osmosis. An example is given in Figure 2a where  a unit
of 28 tubes (third stage) has been the subject of conductivity
measurement. No tube has an atypical conductivity in comparison with the
other  tubes of the unit. 



25 By contrast, a measurement of sulfate in the filtrates of the same
tubes showed that tubes No. 22, 33, 61, 62 and 72 were atypical, they were
producing water of which the sulfate concentration was significantly higher
(cf.  Fig. 2b). Table 2 and Figure 3 show the sulfate results on probing
the  30 pressure tube No. 61 of unit 4, the sulfate leak being situated at
the supply  connector of the first membrane. The temperature of the water
was 4 C. WO 01/91891 PCT/FR01/01713  12 Bacteriological measurements of the
water according to the NFT90- 414 standard carried out at the output of the
pressure tubes during campaigns  for correction of defects in
fluid-tightness enabled it to be shown that when the  tubes have atypical
sulfate values (in comparison with the other tubes of the  5 unit as is
shown in Figure 2b), leakage of germs may appear. The results of the
analyses arising from the NFT90-414 standard  have been the subject of an
arbitrary rating which makes possible a comparison  of samples with each
other, the scale being the following: Presence of coliform colony positive:
10 - Rating 10 = 1 colony - Rating 20 = 2 colonies - Rating 30 = 3
colonies, etc. Absence of coliform colony positive and absence of
non-pathogen  interfering flora: 15 - Rating 0 Absence of coliform colony
positive but presence of non-pathogen  interfering flora (saprophytes): -
Rating 1 = 0 to 10 saprophytes  - Rating 2 = 11 to 50 saprophytes  20 -
Rating 3 = 51 to 100 saprophytes - Rating 4 = greater than 100 saprophytes



- Rating 5 = culture medium covered over. The ratings are added together
when the results include both positive  coli responses and saprophytes, for
example a rating of 23 corresponds to two  25 coliforms counted as well as
53 saprophytes counted. The bacteriological measurements can only be
interpreted  statistically since the positive responses can be biased
(contamination) as well  as the negative responses since the sampling is
made on 100ml sample. The results of 135 samples carried out in the
filtrate of tubes before  3o and after correction are given in Figure 4. WO
01/91891 PCT/FR01/01713  13 At the units, which are constituted by 28 or 54
tubes in the  application at Wry-sur-Ois the consequence of one or more
tubes of which  the fluid-tightness is not absolute is represented in
Figure 5. 5 WO 01/91891 PCT/FRO1/01713   14 Table 1: Passage Function of
Little present in Insufficient CompoundPassagetoo highthe pH natural
waterprecision of analysis Aluminium10%to50% x?xx Barium, strontium10 % to
50 %xxx Calcium10 % to 60 %x Chlorides50 % to 80 %x Conductivity20 % to 60
%x Organic Carbon0 % to 20 %xx Copper0to5% x 



Fluoride30 % to 50 %x IronOto5% xx Bicarbonates10 % to 60 %xx Potassium40 %
to 70 %xx Magnesium10 % to 40 %x ManganeseUp to 40 %xx Sodium50 % to 80 %x
Ammonium, nitrites50 % to 80 %xxx and nitrates Phosphate0 to 20 %?xx
SilicaUp to 80 %xxx SulfateLess than 5% WO 01/91891 PCT/FR01 /01713 15
Table 2: File membrane No. 1 Unit No. 4 Tube No. 62 Temperature of the
water: 4 C 21/12/99 LocationLength of probe introduced (mm)Sulfates (mg/I)
Sample origin0 Start connector input50980 End connector input725150 Middle
membrane 1120021 Start connector 1163510 End connector 117828 Middle
membrane 222162 Start connector 226511 End connector 227983 



Middle membrane 332322 Start connector 336670 End connector 338141 Middle
membrane 442482 Start connector 446830 End connector 448301 Middle membrane
552640 Start connector 556994 End connector 558462 Middle membrane 662800
Start connector output67471 End connector output69263 End filtrate tip70452
16 CLAIMS  1. A method of checking the integrity of a system of
nanofiltration or reverse osmosis modules adapted for the treatment of a
supply fluid and of  detecting leaks of living micro-organisms, each module
comprising nanofiltration  5 or reverse osmosis membranes and connection
joints of these membranes,  comprising steps consisting of:  choosing in
the supply fluid to be treated a dissolved compound which is in
significant quantity but which is normally strongly kept back by the
membranes, 10  measuring the value of the concentration of the compound in
a downstream  zone of a module of that system,  comparing that measured
value with a reference value, and  recognizing the existence of a defect in
that zone of the system when that  measured value is greater than the
reference value. 15 2. A method according to claim 1, characterized in
that, the system  comprising at least a plurality of modules mounted in
parallel, this method  



comprises steps consisting of: * measuring the value of the concentration
of that dissolved compound in similar  downstream zones of each module of
that plurality, 20 * comparing these measured values for each module, *
identifying those of these values which are the least, and identifying as
reference value a value at least approximately equal to those least values,
* recognizing the existence of a defect in one of the modules mounted in
parallel when the measured value for that module is greater than that
reference  25 value. 3. A method according to claim 1, characterized in
that, the system  comprising a plurality of series of modules mounted in
parallel, this method  comprises steps consisting of: * measuring the value
of the concentration of that dissolved compound in similar  30 zones of
each series, * comparing these measured values for each series, 17 *
identifying those of these values which are the least, and identifying as
reference value a value at least approximately equal to those least values,
* recognizing the existence of a defect in one of these series when the
measured value for that series is clearly greater than that reference
value. 5 4. A method according to claim 3, characterized in that it
comprises  in addition steps consisting of: * measuring the value of the
concentration of that dissolved compound in a plurality of zones chosen
along a series of modules, * for each value of the concentration measured
for a given zone, taking a  10 reference value substantially equal to the
value of the concentration measured  for the zone situated immediately
upstream of that given zone or, if lacking, of  the zone situated
immediately downstream of it, and * recognizing the existence of a defect
in a given zone when the value which is measured there is greater than the
associated reference value. 



15 5. A method according to claim 4, characterized in that the zones
chosen along the series of modules comprise at least one zone downstream of
each module and one zone of each connector connecting a module to the
following one. 6. A method according to any one of claims 3 to 5,
characterized in  20 that the value of the concentration of that dissolved
compound is measured in a  sample of fluid taken from a zone containing
fluid coming from each module of  that series. 7. A method according to
claim 1, characterized in that, the system  comprising at least one series
of modules, this method comprises steps  25 consisting of: * measuring the
value of the concentration of that dissolved compound in a plurality of
zones chosen along the series of modules, * for each value of the
concentration measured for a given zone, taking a  reference value
substantially equal to the value of the concentration measured  30 for the
zone situated immediately upstream of that given zone or, if lacking, of
the zone situated immediately downstream of it, and 18 * recognizing the
existence of a defect in a given zone when the value which is  measured
there is greater than the associated reference value. 8. A method according
to claim 7, characterized in that the zones  chosen along the series of
modules comprise at least one zone downstream of  5 each module and one
zone of each connector connecting a module to the  following one. 9. A
method according to any one of claims 1, 7, or 8, characterized  in that,
the system comprising at least one series of modules, the value of the
concentration of that dissolved compound is measured in a sample of fluid
10 taken from a zone containing fluid coming from each module of that
series. 10. A method according to any one of claims I to 9, characterized
in  that the dissolved compound of which the concentration is measured is
sulfate. 


