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(57) A method and apparatus for monitoring the degree of treatment of a material by a reactive fluid is monitored by
reacting the unreacted fluid to produce a signal, eg. heat, and measuring the signal so produced.
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Outlet tube 150 may be of any suitable construction, for example, a
stainless steel tube.

The first and second temperature sensors 125 and 135 may
take continuous readings of the temperature of the gas in the inlet
tube and in the vessel respectively, and transmit temperature
readings to a controller 21 which measures the difference in
temperature between the readings of the first and second
temperature sensors. If the first and second temperature sensors are
in the form of thermistors, then the controller 21 measures the
difference in potential resistance between the two sensors. It will be
appreciated that this is a measure of the difference in temperature
between the ozone containing gas contacting the first temperature
sensor 125 in the inlet tube 120 and the gas contacting the second
temperature sensor 135 in the vessel 105 after conversion of ozone
present to oxygen. Since the temperature reading of the reacted gas
stream is corrected for the temperature of the incoming gas stream
by comparing the readings from sensors 125 and 135, the controller
may correlate this information to the amount of ozone which has
been converted to oxygen in the vessel 105 during any particular
period of time.

If all of the off gases are fed to vessel 105 and if all of the
ozone is converted to oxygen, then in a plot of the instantaneous
difference in resistance between the first and second temperature
sensors versus elapsed time, the total amount of ozone converted to
oxygen during that time period is represented by the area under the
plotted curve. Figure 5 is a graph showing the difference in
resistance between the first and second temperature sensors plotted
as a function of time for the water treatment apparatus of Figure 1.
The area under the curve represents the total amount of ozone
which has been converted into oxygen in the vessel 105. It will be

appreciated that controller 21 may correct for sensor 100 converting
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only a portion of the ozone to oxygen and if only a bleed stream of
the off gasses are fed to sensor 100.

From the foregoing, it will be appreciated that the degree to
which water through which ozone is passed has been treated may be
measured by calculating the area under the curve of a graph of the
change in resistance plotted versus elapsed time. If finely divided
bubbles of ozone are initially passed through contaminated water,
essentially all of the ozone will be used in the treatment process,
and very little if any will escape into the head space above the water.
As a result, there will be little to no ozone to be converted into
oxygen in the vessel 105, and the difference of the resistance of the
first and second temperature sensors will be essentially zero.

As the water is treated and becomes purer (ie. with less
active biological contaminants present), less ozone will be
consumed as it passes through the water, and more will enter the
vessel 105, thus causing more ozone to be converted to oxygen in
the vessel. This raises the temperature in the vessel 105, and results
in a greater difference between the resistance of the first temperature
sensor and the second temperature sensor. When this difference in
resistance between the temperature sensors is plotted against
elapsed time, the area under the resulting curve increases with
time.

By measuring the conversion of ozone to oxygen in vessel
105, great flexibility is obtained in the operation of the treatment
cycle. For example, as the volume of water and the anticipated level
of contaminants in the water can be predetermined, it is possible to
calculate the amount of ozone that will be required to treat the
water and to program this information into controller 21. The
treatment of the water by ozonation may continue until a
predetermined total amount of ozone passes through the water

being treated and is then converted to oxygen in the vessel 105. The
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predetermined amount of ozone is represented by a predefined area
under the curve of the difference in resistance between the two
temperature sensors, versus time.

The controller 21 may optionally have a signal indicating
apparatus (eg. light 41). The signal indicating apparatus may issue a
signal to the user when the water is treated to the desired level (ie.
when the area under the graph reaches a predetermined level) and
is ready for use. The controller 21 also preferably controls the flow
of ozone through the water being treated. When the water has been
treated to the desired level, the flow of ozone through the water is
stopped (eg. ozone generator 13 may be deactivated).

The signal indicating apparatus may also be used to indicate
when the water being treated should not be used, eg. if it should not
be consumed. For example, the amount of ozone flowing into the
vessel may not reach the requisite level of treatment within a
predetermined period of time, possibly indicating that the water is
too contaminated and should not be consumed. In such a case, the
signal indicating apparatus may indicate to a user that the water
should not be used, for example by illuminating a warning light 37.

For example, the controller may be programmed with a
predetermined amount of ozone which should be measured by
sensor 100 (eg. a specified amount of heat must be read by sensor
100) to indicated that the water has been treated to a predetermined
level. The amount of ozone may be based on trial runs in the
apparatus which evidence the level of ozone in the off-gas for
treating water of a known contaminant level to a specified purity. It
will be appreciated that additional trial runs may be conducted for
varying levels of purity and the controller may be programmed
with each such level and the apparatus may have a dial or the like
for adjusting the controller to a different program if the user can

determine the level of contamination of the water to be treated.
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The apparatus may run until the predetermined amount of
ozone is measured. Alternately, or in addition, the apparatus may
shut down if the predetermined level of purity is not achieved in a
predetermined time. This may occur if the amount of ozone
converted to oxygen in sensor 100 does not achieve the
predetermined level in the predetermined period of time.

Alternatively, or in addition, if the amount of ozone
flowing into the vessel reaches the requisite level more quickly than
expected, a problem may exist with the dispersion of the ozone
containing gas throughout the contaminated water. That is, the
ozone may be passing through the water in a localized area (eg. the
sparger may be broken and releasing larger bubbles into the water to
be treated). In such a circumstance, the signal indicating apparatus
may illuminate a warning light, indicating to the user that the
apparatus should be checked to ensure it is in proper working order.

Finally, if after a predetermined length of time no ozone has
been detected in the vessel, the signal means may also be
programmed to issue an indication to the user to check that the
ozone generator to ensure that it is working properly.

It will be appreciated that various changes may be made
within the spirit of the described invention, and all such changes
are within the scope of the appended claims. In particular, it will be
appreciated that the method and apparatus described herein may be
modified to detect various gases used to treat a various media.
Further, different signalling devices may be used to alert the user
instead of the use of lights, or in addition thereto. For example, an
auditory signal may be used to alert the user, if, for example, the
predetermined state of treatment of the material is not achieved in
the predetermined time.

In one preferred embodiment, the apparatus is for use

in a domestic (i.e. residential) environment, eg. a house or a cottage,
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and the water to be treated may be from a municipal water supply
which is fed to a house through supply pipes. It may also be water
which is obtained from a well maintained by the individual or any
other source that the individual has for their house or cottage. For
example, the water treatment apparatus may be a countertop water
purifier which is designed to treat small quantities of water (eg. 2 -
41). The apparatus may also be a point of entry water purifier which
is connected to a domestic water feed pipe to treat all or a portion of
the water which is supplied to a house by the water pipe. The
apparatus may also be a point of use water purifier which is
connected to a water feed pipe (eg. the cold water feed pipe) to a sink
to treat all or a portion of the water which is supplied by the water
pipe to the sink. In this embodiment, the treated water is preferably
dispensed to the sink through a supplemental faucet which is
connected in flow communication with the treated water exit of the

water purifier.




