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INDICATOR STRIP AND A DEVICE FOR AUTOMATIC TESTING OF LIQUIDS

The present invention relates to the monitoring of substances entrained or
diésolved ln a liquid. More particularly, the invention provides a continuous tape
carrying rﬁany test stations for sequential repetitive testing of samples of a liquid,
typically water, taken from é swimming 'pool or rese"rvoi.r:where the substance In.
said liquid may either be desirable, for eXample chlorine in a swimming pool, or
undesirable, for example"an'excess of'suh‘ates, chlorideé, ni{rates and magnesium
In a resefvoir supplying drinking water. :

The present specification deals primarily with chemical indicator strips, as
opposed to thermal and stréss:indicator strips. Indicator 'strips are a known ana
used tool for determining if a chemical is present in a defined space or in a liquid of
interest. The tape is exposed to the substance to be testeq, and the color changes
seen In the tépe are indicative that such chemical is -or‘is not present above' a
predefined Iével. For example, a strip used to monitor a reservoir holding drinking
water could indicate whether the water c::ontains:the desir:ed-- level of fluoride, and/or
whether the water is within a defined range for the pH value.

Indicator strips are usually supplied in short lengths, and testing is carried "
out manually. Manuél testing is suitable for applications where testing needs to be
~ carried out only once or twice a day. However due to government or municipality

regulations it is sometimes required to carry out frequent tests and in some
situations even to provide proof that such tests were carried out and that the test
results indicate that the substance of interest was present within an allowed
concentration range. When many sequential tests are needed, manual test
execution Is tiresome and: unreliable, and automatic testing is the best option.

The state of the art regarding indicator strips can be surmised from a review
of recent US Patents. :

In US Patent no. 5,841,896 Téuchiya discloses an apparatus for displaying
the hue of a signal by using an indicator strip carrying printed indicia to indicate

various hues.
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Markart proposes a discrete test card in US Patent No. 6,027,689, useful
primarily in the testing of body fluids. The card can be divided into individual test
sections.

The indicator strip proposed by Barclay in US Patent No. 6,322,750 is
responsive to gases, particularly hydrogen sulfide.

Cole discloses a multi-level semi-quantitative immunodiffusion assay in US
Patent No. 6,656,745. While used for analysis, the device is not in the form of a
tape.

A color-based system for automatic continuous effluent analysis is described
by McNab Incorporated on the company's web site. However the system does not
employ-a continuous indicator tape.

For repetitive tests manual methods using discrete pieces of indicator tape
are laborious and inconvenient, particularly when testing is required at fixed times
around the clock.

1t is therefore one of the objects of the present invention to obviate the
disadvantages ~of prior art indicator tapes and arrangements for their deployment
and to provide a testing system for liquids which is aﬁtomatic and suitable for
executing frequent tests.

The present invention achieves the above object by providing a continuous
indicator strip having a multiplicity of separate individual sequential test sections
along the surface thereof, wherein a plurality of said test sections are impregnated
with the same indicator enabling the utilization of said strip for sequential repetitive
testing of samples, said strip being provided with at least 20 such test sections.

In a preferred embodiment of the present invention there is provided a
device for automated chemical testing of liquid samples, said device comprising a
nousing containing:

a) a continuous indicator strip in combination with a dispenser for holding and
feeding said strip;

b) a take-up spool electrically driven for drawing said strip from said dispenser;

c) a liquid feed outlet above the path of said strip in combination with a selenoid-
operated valve for sequentially dispensing drops of sample liquid onto saig

indicator strip;
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.
d) an elebtro-obtical sensor positioned to detect color changes in said test

sections occurring as a result of contact with a drop of said sample liquid;

“and '

e) é contfoller unit connected to said sensor for noting and recording said

| changes. - : |

In a most preferred embodiment of the present invention there is provnded a
dewce for monltorlng the chemlcal characterlstlcs of a body of water, particularly a
swimming pool said device further comprising a fluid circuit having an inlet
~ positioned within the water of said body of water, a minor outlet connected to an
inlet of said Solenoid-operated valve, a major outlet, and pumping means 10
‘circulate said liquid in said circuit.

When more than one substance in the liquid needs to be monitored, the
inv'ent'ion provides 3 dispenser for use in a device containing a plurality of
con’tindous indicator strips and :adapted to simultaneously hold and feed said
plurality of strips adjacent to each other in a path below said liquid feed outlet in
order to enable the utilization of said plurality of strips for sequentlal repetitive
testlng for various chemlcals contained in a plurality of drops simultaneously
delivered on each of said plurality of adjacent strlps

Yet further embodiments of the invention will be described hereinafter.

It will thus be realized that the continuous indicator tape of the preseht
invention is ideal for use in combinétion with automatic machinery for carrying
out "frequent.. tests, for example once every two hours continuously day and
:night, even when no human operator is in attendance. After analysis of the
results, the indicator tape is dated and stored and can be used as evidence
that required tests have been carried out and that the results showed
compliance to standards or that corrective action was undertaken and that
substances in the water or other liquid were again brought into compliance of
standards and/or of regulations.

The invention will now be described in connection with certain preferred
embodirﬁents with reference to the following illustrative figures so that it may be

more fully understood.
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With | specific reference now to the figures in detail, it is stressed that the
particulars shown are by way of example and for purposes of illustrative discussion
of the preferred embodiments of the present invention only and are presented in the
cause of providing what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the invention. In this regard,
no attempt is made to show sthctU'raI details of the invention in more detail than is
necessary for a.fundamenta! understanding of the inventibn, the description taken
with the drawings making apparent to those skilled In the art how "the several forms
of the invention may be emb:odied in practice. o
In the drawings:
FIG. 1 is an elevational view of a preferred embodiment of the strip according to the
" invention in a dispensing cartridge; _ ‘
FIG. 2 Is an eleva:tionazl view of a strip and dispensing cartridge supported In a
holder; - _ " :
FIG. 3 is a plan viéw of an embodiment including test sections for calibration of an
automatic device: | a
FIG. 4 is a perspective view of a strip for repetitive testing for various chemicals;
FIG. 5 1Is & diégrammatic view of a device for automatic mbnitoring of a pool of
water such as a reservoir or swimming pool; and
FIG.6is a persbective view of a dispenser for use in a device which is to monitor
fluid for four substances. '

There is seen in FIG. 1 a continuous"indicator strip 10 held in a dispensing
cartridge 11 similar to ’{hos",e used for storing and dispensing 35 mm camera film. A
multiplicity of separate individual sequential test sections 12 is disposed along the '.
surface of said strip 10. "

The test sections 12 are impregnated with a color-change agent sensitive to
the substance of interest. The column of test sections enables the strip 10 to
execute sequential repetitive testing of samples extracted at a predetermined time
interval.

The strip is provided with at least 20, and preferably 40 or more such test

sections.
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Advantageously the strip is at least 30 cm In length and a desiccant (not

shown) can be provided inside the Cartr_idge 11. |

~ With regard to the rest of the figures, similar reference numerals have been
used to identify similar elements. " :

Referring now to FIG. 2, there is again seen the continuous indicator strip 10
previously described with reference to FIG. 1. The strip 10 and its storage cartridge
11 are inserted into and held in a dispenser 14 for holding and feeding the strip to a.
testing area (seen in FIG. 5). Although the strip 10 can be advanced manually, a
pair of electrically driven pinch rollers 16 are arranged to advance the strip one
pitch after each test. If testing is to be very frequent the strip can be advanced
continuously at a velocity calculated to accord with the pitch of the test stations 12
and the number of tests to be carried out per time period.

FIG. 3 illustrates a continuous Indicator strip 18, further provided with
colored sedions 20 interposed between some of the separate individual sequential
test sections 12. The colored sections 20 are chemically inert and serve for
calibration ‘of a sensor, seen in FIG. 5,-connected to read the active test sections
12. :

Seen in FIG. 4 is a continuous indicator strip 22, wherein four columns 24 of
the test sections 12 are provided side by side. Each column 24 carries test sections
impregnated with a different indicator, enabling the utilization of the strip 22 for
sequential repetitive testing for substances to be monitored.
| When in use four sample drops 26 are delivered at eeach row 28 of the test
sections 12. As seen in the present embodiment, there are four columns 24 so 4
drops 26 of the water to be tested are dropped, one drop on each test section 12.

Referring now to FIG. 5, there is depicted a device 30 for automated
chemical testing of liquid samples, the device 30 being particularly suitable for
monitoring the chemical characteristics of a body of water 32, which can be for
example a swimming pool or a drinking water reservolir.

A housing 34 contains and supports a dispenser 36 for holding and feeding
the continuous indicator strip 10.

A strip take-up spool 38 is electrically driven, and draws the strip from the

dispenser 36. The take-up drive 40 is preferably intermittent, being activated by a
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controller 42 between test cycles. A slow continuous drive can be used where
- testing is to be carried out very frequently. '. |

A fluid circuit 44 has an inlet 46 positioned within the body of water .32, and
feeds a liquid outlet nozzle 48 seen above the path of the strip 10.

} A solehoid-operated valve 50 is used for sequentially taking fluid from the
fluid circuit 44 and dispensing a drop(s) 26 thereof onto the indicator strip 10.

- The arrangement is such that only the drop(s) to be delivered are taken from.
the flgid circuit and all non-taken fluid continues in circulation to assure that the
next test sample of fluid is a fresh one. :

The fluid circuit 44 is completed by a major outlet 58 returning the water to
the body of water 32 and by pumping means 52 to circulate the liquid in the circuit
44.'Preferably the circuit 44 also contains a filter 54 to prevent possible blockage of
the solenoid-operated valve outlet nozzle 48. Drops of water 26 remaining on the
strip are collected by a funnel 62 and returned to the body of water 32

An ’e'lectro-optica_l_ sensor 56 is positioned to view and detect color changes
in the test sections 12. A light source 57 provides consistent illumination of the
sections 12. Color changes occufring as a result of contact with the drop 26 of the
sample liquid are detected by the sensor 56 and reported to the éontroller 42 :

The electronic control unit 42 is programmed for noting and recording the
color changes, which indicate that a substance of interest was present at, or
exceeding, a given concentration level.

The electronic control unit 42 can e'asily be programmed to sound an alarm
60 on registering an excess or a missing component. For example given that
drinking water may not contain more than 1 mg barium per liter, the alarm 60 can
be activated when this level is approached or exceeded.

Turning now to FIG. 6, a dispenser 62 is illustrated for use in a device similar
to that seen in FIG. 5, to be used for monitoring the presence of four different
substances.

The dispenser 62 holds four continuous discrete Indicator strips 64,66,68,70
in the present example, each individually stored in its own cartridge 11. The

dispenser 62 enables the utilization of the four strips for sequential repetitive
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testing for various chemicals contained in the four drops 26 seen in FIG. 4
simultaneously delivered, one drop 26 on each of the four adjacent strips.

The device simultaneously holds and feeds the four strips adjacent to each
other in a path below four liquid feed outlet nozzles 48, one? of which is seen in FIG.
5. The use of discrete strips is advantageous because each strip can be sent

separately for the type of analysis appropriate thereto.
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1. A device for automated monitoring of the chemical characteristics of a body
of water, said device comprising a housing containing:

a) a continuous indicator strip having a multiplicity of separate individual
sequential test sections along the surface thereof, wherein a plurality of said test
sections are impregnated with the same indicator enabling the utilization of said strip
for sequential repetitive testing of samples, said strip being provided with at least 20
such test sections in combination with a dispenser for holding and feeding said strip;

b) a take-up spool electrically driven for drawing said strip from said
dispenser;

c) a liquid feed outlet above the path of said strip In combination with a
solenoid-operated valve for sequentially dispensing drops of sample liquid from said
body of water onto said indicator strip;

d) an electro-optical sensor positioned to detect color changes In said test
sections occurring as a result of contact with a drop of said sample liquid;

e) a controller unit connected to said sensor for noting and recording said
changes, and

f) a fiuid circuit having an inlet positioned with the water of said body of water,
2 minor outlet connected to an inlet of said solenoid-operated valve, a major outlet,

and pumping means to circulate said liquid in said circuit.

2. The device according to claim 1 wherein said dispenser comprises a plurality
of continuous indicator strips each having a multiplicity of separate individual
sequential test sections along the surface thereof, wherein a plurality of said test
sections are impregnated with the same indicator enabling the utilization of said strip
for sequential repetitive testing of samples, said strip being provided with at least 20
such test sections, and adapted to simultaneously hold and feed -said plurality of
strips adjacent to each other in a path below said liquid feed outlet in order to enable
the utilization of said plurality of strips for sequential repetitive testing for various

chemicals contained in a plurality of drops simultaneously delivered on each of said

plurality of adjacent strips.
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3. The device according to claim 1 wherein said strip is provided with at least 20
such test sections, wherein a plurality of columns of said test sections are provided
side by side, each column being impregnated with a different indicator enabling the
utilization of said strip for sequential repetitive testing for various chemicals

contained in a plurality of samples delivered at each of said test sections.

4. A device for automated monitoring of chemical characteristics of water, said
device comprising:

at least one continuous indicator strip having a multiplicity of separate
individual sequential test sections along the surface thereof, said strip including a
multiplicity of chemically inert calibration sections interposed between some, but not
all. of said multiplicity of test sections, each of said test sections being impregnated
with a color change agent sensitive to a substance of interest for sequential
repetitive testing of water samples for the presence of said substance of interest In
combination with a dispenser for holding and feeding said at least one strip;

at least one take-up spool electrically driven for drawing said at least one
strip from said dispenser;

at least one water feed outlet for sequentially dispensing drops of sample
water onto test sections of said at least one strip;

at least one electro-optical sensor positioned to detect color changes In said
test sections occurring as a result of contact with a drop of said sample water;

a controller unit connected to said at least one sensor for noting and

recording said changes, and

a fluid circuit to provide said sample water to said at least one water feed

outlet, said fluid circuit comprising:
an inlet positioned within a body of water to be testea;
a first outlet supplying water to said at least one water feed outlet;
a second outlet for returning water to said body of water;

a funnel, downstream from said at least one electro-optical sensor and

said first and second outlets, operative to collect water remaining on said strip and
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water from said second outlet and to return said water remaining on said strip and
said water from said second outlet to said body of water; and

a circulation pump.

5. A dispenser for use in a device according to claim 4, containing said at least
one continuous indicator strip and adapted to simultaneously hold and feed said at

least one continuous indicator strip in a path below said liquid feed outlet.

6. A device according to claim 4, wherein said multiplicity of test sections

comprises at least 20 test sections.

7. A device according to claim 4, wherein said at least one electro-optical
sensor is calibrated by said controller unit based on reading said calibration

sections.

8. A device according to claim 4, wherein said fluid circuit also comprises a filter

operative to prevent blockage of said at least one water feed outlet.
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