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(57) Abrége/Abstract:
A method for flow Injection analysis of total inorganic phosphate contained in an aqueous system such a cooling tower or boller

IS described which uses a reducing agent and preservative composition therefore as the carrier for the sample to be analyzed,
thereby creating a facile process which permits conversion of the various polypl' osphates to orthophosphate and development
of the molybdenum blue complex color reaction at 60°-95°C and under 2-10 psi. This method has less stringent pressure and
temperature requirements than those employed heretofore, thus permitting the use of more reliable and economic devices for

measuring total inorganic phosphate in the field.
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TITLE OF THE INVENTION -
FLOW INJECTION ANALYSIS OF TOTAL INORGANIC PHOSPHATE

ABSTRACT OF THE DISCLOSURE

A method for flow injection analysis of total

agent and preservat1ve comp031t1on therefore as the

carrier for the sample to be analyzed thereby-creatlng a  hl;
~facile process which permrts convers1on of the various '
rpolyphOSPhates to orthophosPhate and develoPment of the

'molybdenum blue complex color reactlon at 60°-95°C and

‘under 2-10 psi. Thrs method has 1ess strlngent pressure l~ fh

and temperature requ1rements than those employed _
heretofore thus perm1tt1ng the use of more rel1able and

economlc dev1ces for measurzng total 1norgan1c phosphate
in the freld o | 3 |
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10 TIITLE QF THE INVENTION .
FLOW INJECTION ANALYSIS OF TOTAL INORGANIC PHOSPHATE

15 l

20 BACXGROUND OF THE | NTIC
l. Field of the Invention

The present 1nvent10n is in the f1e1d of
25 methods and apparatus for flow 1n3ect10n analys1s of
total inorganic phOSphate in aqueous systems.
Inorganic phOSphateS such as orthOphosphate and
polyphosphate are: products which are used 1n aqueous
systems such as cooling towers and boilers to prevent
30 calcium scales and corros1on There is a threshold
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concentration at which phosphates work by causing
crystal distortion that prevents calcium scale and/or
steel corrosion. Thus, it is important to determine
on a regular basis the concentration of disgssolved
inorganic phosphates so that the threshold levels
necessary to prevent deposition of calcium scales is
maintained. A secondary goal is to prevent high
phosphate concentrations which may result in
subsequent phosphate scale. '

However, the analytical measurement of these
1norgan1c phosphates is important in other fields
such as environmental, clrnrcal and agr1cu1tura1
analysis, where the determrnatron of 1norgan1c -
phosphate levels can also be important, as, for
example, the determrnatron of the phosphate levels in
fertilizers or in olinical specimens such as plasma.
The novel method of the present invention is ‘
applicable to theSe'areas as well. ' _

Flow injection analysis (FIA) is a
well-~known, srmple and reliable technlque based on
continuous flow of a sample solutron whrch is
introduced directly 1nto an unsegmented carrrer '
stream of a reagent solutlon, thereby formrng a
well-defined sample zone In SO called reverse flow

injection analysrs, the reagent is 1ntroduced 1nto an
unsegmented sample stream ‘While it is berng '

transported to a detector devrce further downstream, '_ 
the sample has an opportun1ty to react wrth the .
reagent and form a new chem1ca1 specres whtch can be
quantrtatively measured by the detector _The"
reaction 1s usually a color-formrng one and the
detector, therefore, a colorrmeter B -
(spectrophotometer) FIA lends 1tse1f to the
automated, raprd and re11ab1e analysrs of various
samples, and offers many advantages over the older
technique of arr.segmented.contrnuous flow analysis.
.Apparatus§meanSwf0r;carrying outia'typicalp
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FIA method will depend upon the reaction being
carried out, but elements which are almost always
present include tubing through which the samples and
reagents are carried, means for moving said samples
and reagents through said tubing and means for mixing
them together, reagent reservoirs, means for
collecting, filtering and supplying samples, heatlng,
and analyzer means such as a colorimeter. |
The color- form1ng reaction which has been
used in the past to provide a means for
quantltatively analyzing inorganic phosphate content
1s the well-established one wherein a mixed solut1on |
of molybdenum (V) and molybdenum (VI) reacts wrth
orthophosphate to produce the heter0poly blue
complex. It is well known that orth0ph03phate (P )
reacts with a molybdenum (VI) reagent to form a
yellow heteropoly complex and that subsequent '
reduction of the yellow complex by ascorbic acid or
other suitable reductants gives heteropoly blue ‘
complex contarnrng Mo(V) and. Mo(VI) The formatron
Of these heteropoly complexes has been extensrvely
applied to the determrnatron of phosphorus by flow
1n3ectron analysrs and by air- segmented flow analysrs
The total 1norgan1c phosPhate content of a
sample to be analyzed w111 usually never be all
orthophosphate; however,_so that the color-formrng
reaction descrrbed above cannot be utrllzed It is
necessary to frrst convert the varlous types of
inorganic phosphates present to orthoPhosphate in
order to proceed with the flow 1n3ectlon analysrs
Typically, the 1norgan1c phosphates whrch are not
orthoPhosphates are polyphosphates whrch have the
general formula M 2P O3x+1, and 1nc1ude, e.g.
pyr0phosphate (drphosphate P ) and
tripolyphosphate (trrphosPhate P, ).
Thesepolyphosphates may be converted to

-orthOphosphate by hydrolysrs using concentrated
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sulfuric acid or other inorganic acids at high
temperatures (>100°C) and pressures for a suitable
period of time, in accordance with well known
procedures employed in FIA.

Typically, the acid hydrolysis reagent,
e.g., concentrated sulfuric acid, is combined with
the color-forming reagent, i.e., the Mo (V and VI),
by dissolving the latter in the former. After the
inorganic phosPhates'are converted to orthophosphate
with this combined reagent at high temperatore and

pressure, and the yellow heteropoly complex is

formed, in a subseqﬁent'etep ascorbic acid or other
reducing agent is added to the reaction mixture to
form the heteropoly blue complex which is then
measured on a colorlmeter

Of course, it is also possible to use the
method of the present invention to prov1de for the
flow injection analy31s of orth0phosphate only, if
that is desired. ThlS may be accompl1shed u81ng ‘the
same method as for polyphosphate except that during
the step of heatlng the reaction mlxture to convert
polyphosphate to orthoPhosphate, ‘the reactlon -
temperature is maintained at a lower level
sufficient for the color- -forming reaction to proceed.

2. Brief Desgriptigﬁ Qﬁ;theiPriQ:fAft35e'

Elemental analys1s of 1norgan1c phosPhates
using methods and dev1ces other than flow 1n3ection
analysis are well known, see, e.g. U.S. 3 137 543
3,846, 074 and 4, 836 773/ | '

Hirai et al. Anal __Chim. Acta, 115, 269-277
(1980), describe a flow injection analysis method for

1norgan1c polyphosphates, but employ h1ghtemperatures
(140°C) and pressures (5 kg cm -2 . @70 ps1) A _
solution of 0.1 M L—ascorblc acid contalnlng 50 mL of'
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acetone is employed, but this is in a segmented flow
analysis method and is used as a reducing agent for
the molybdenum reagent in the color-forming step.
None of this disclosure suggests the use of the
ascorbic acid and acetone as a carrier stream for the
sample in a flow injection analysis method as in the
present invention, with the surprising advantages of
lower temperature and pressure for the step of

hydrolysis conversion of the polyphosphates to
orthophosphate. |

Hirai et al., 1. Qhrgmatggr., 206, 501~509

(1981), describe a flow injection analysis method in
which lower oxo acids-ofdphosphorus such as |
phosphinate and phosphonate may be determined in
addition to orthophosphate by oxidizing them in a
solution of sodium hydrogen sulfite and
molybdenum(V)-molybdenum(VI). o | - |
Yoza et al., Ahalg Chim. Agta, 121, 281-287
(1980), describe a flow.injection analysis'method for
the determination of polyphosphates [butionly |
pyrophosphate (P ) and tr1polyphosphate (P Dy
whereas the method of the present 1nvent10n can also
determine hexametaphosphate (P )1 Wthh can be
carried out at room temperature because it does not
involve hydroly31s conver91on of the polyphosphates
to orthophosphate. Quantltatlve determination is
made by measurement of the u. v'—absorpt1on of colored '

metal complexes of xylenol orange and methylthymol
blue with the polyphosPhates '

Fogg et al. Analxst _Q_ 1485 1489 (1983),
describe the effect of 1ncrea31ng ethanol and acetone
concentrations on the dlfferentlal—pulse | '
voltammograms used 1n flow injection voltammetrlc
determination of total phosPhate at a glassy carbon
electrode. This method uses manual dlgest1on

ofpolyphosphates ‘and further, would not be readily
adaptable to process analysis.
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Motomizu et al., Talanta, 30, 333-338
(1983), describe a flow injection analysis method for
the determination of trace amounts of phosphate in
river water using a reaction with molybdate and
Malachite Green in acidic medium to form a green
species. This method measures orthophosphate only at
trace levels, and does not measure polyphOSPhates.
Baba et al., J. Chromatogr., 295, 153-160
(1984), describe a parallel detection flow,injection
system for the simultaneous determination of
phosphate and phosphonate. This method uses high
pressure digestion and dual detection; whereas, the
method of the present invention uses only a single
channel, and is therefore less expensive-to 0perate.
Yoza et al., J. Chromatogr., 3;2,_385f393
(1985), describe a flow injection analysis method for
determination of inorganic polyphosPhateS'wherein
they are hydrolyzed by inorganic pyroPhosphatase
before reaction with a molybdenum(VI) reagent for
colorimetric determlnatlon This method is
applicable only to Py, Py, and Py spec1es, and - _
enzymes are unstable and would not lend themselves to
contlnuous on-line process analysis. ~
Pauver, et al., Water SA, 14, 125~ 130 (1988), '
describe a flow injectlon,analysls,method for low :
concentrations of phosphate. The method uses tin :
chioride as a reduc1ng agent and hydraz1n1um sulfate B
as a stabllzer - The effects of 1n3ect10n volume,

coil length and reagent concentratlon on oPtlmum ,
sen81t1v1ty are evaluated

L1nares, et al. Qgem; .i_, 120 124
(1986) discloses analy31s of blnary and tenary
mixtures of arsen1te, arsenate and phosphate us1ng an
1n3ect1on valve; mlxes molybdate and ascorbic acid '
prior to their confluence with the sample, which
issaid to yield hlgher peaks than tWo sequential

confluence: and uses nltrlc acid instead of sulfurlc
acid.
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Johnson and Petty, Anal. Chem., 54,
1185-1187 (1982) disclose a reverse flow injection

analysis method in which a mixture of reagents
(sulfuric acid, molybdate, ascorbic acid) are added
to a sample stream; but only orth0ph09phate,
apparently is analyzed.

SUMMARY QF THE INVENTION

In accordance wrth the present 1nvent1on
there is prov1ded a flow 1n3ection analys1s method
for determination by the molybdenum blue complex'
colorimetric reaction of total inorganic phosPhate
concentration in an aqueous system containrng
dissolved inorganic polyphosphate as well as
orthophosphate, comprising the steps of (1)
establishing a filtered sample stream from said
aqueous system from wh1ch sample un1ts may be
selected at desrgnated 1ntervals, (2) brrng1ng
together and admlxrng on a contrnuous basrs the |
following two reagent comp081t10n streams whrch then o
form the basic flow 1n3ect10n ana1y81s stream (a) a
color—formrng reagent comprrsrng an 1norgan1c acrd
and molybdenum (V and VI), and (b) a reducrng agent |
and preservatrve comp031t10n therefor, (3) \,’ _"
1nterrupt1ng the flow of reagent compos1tron stream
(b): a reducrng agent and preservatrve composrtion
therefor, and substitutrng therefor the frltered '

sample stream of step (l) for suffrcrent trme to R
select a sample unrt whrch then becomes admrxed wrthi‘

reagent composrt1on stream (a): a color—formrng

reagent compr1s1ng an 1norgan1c ac1d and molybdenum
(V and VI), (4) restorrng the flow of |

reagentcomposrtion stream (b), (5) heatrng the L
react1on mrxture to 60° 95 C for a suffrclent t1me to‘ 

~effect conversron of substantrally all of the T
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polyphosphate contained in the sample unit to
orthophosphate, said time also being sufficient to
effect the reaction of said orthophosphate with the
molybdenum (V and VI) to form a color complex; and
thereafter allowing said reducing agent to partially
reduce the molybdenum (V and VI) so that it hag an
average oxidation state between 5 and 6; (6) passing
the reaction mixture containing the color complex
through a colorimeter having a 600-850 nm filter and
reading the signal produced thereby; and (7) from the
signal information and previously available
standardization data, calculating the concentration
of dissolved inorganic phosphates in the aqueous '
stream; wherein all of the above steps are carried
out under a pressure of from 2-10 psi.

The present invention may also be get forth
in the manner immediately following, which describes.
in different terms the interaction of the sample unit
and the reagent streams,'which, while conceptually
the same as that described immediately abOve may be
viewed as different in terms of the different means
for carrying out that interaction. A detalled
description of those dlfferent means is prov1ded |
further below. | _

In accordance w1th the present 1nvent1on
there is provided a flow injection ana1y81s method
for determination by the molybdenum blue complex |
color1metrlc react1on of total 1norgan1c ‘phosphate
concentratlon in an aqueous system containing
dissolved 1norgan1c polyphosphate as well as
orth0phosphate, compr131ng the steps of (1)
establishing a filtered sample stream from said
agueous system from which sample un1ts may be
selected at des1gnated 1ntervals, (2) at one |
saiddesignated interval, selectlng a sample unit and'
injecting it as a discrete unit into a continuously
flowing reducing agent stream comprising a reducing
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agent and preservative composition therefor, so that
the reducing agent stream is present in front of and
behind said sample unit; (3) injecting the sample
unit and reducing agent stream into a color-forming
reducing agent stream comprising an inorganic acid
and molybdenum (V and VI) in such manner that the
sample unit and colox-forming reagent are thoroughly
admixed while bounded in front and behind by said
reducing agent stream; (4) heating the reactron
mixture to 60°-95°C for a sufficient time to effect
conversion of substantially all of the polyphosphate
contained in the sample unit to orthophosphate said
time also being sufficient to effect the reaction of
said orthophosphate with the molybdenum v and VI) to
form a color complex; and thereafter allowrng said
reducing agent to partrally reduce the molybdenum (V
and VI) so that it has an average ox1dat10n state
between 5 and 6; (5) passing the reactlon m1xture .
containing the color complex through a colorlmetEr
having a 600-850 nm filter and readrng the 91gna1
produced thereby; and (6) from the signal 1nformat10n
and previously ava1lable standardization data, B
calculating the concentrat1on of dlssolved 1norganlc
phosphates in the aqueous stream whereln all of the
above steps are carr1ed out under a pressure of from
2-10 psi. ' L | f
The novel 1nteract10n of the sample un1t and
reagent streams in the method of the present |
invention creates a facrle process which permrts
conversion of the var1ous polyphosphates to
orth0phosphate and deve10pment of the molybdate (V)
color reactlon while berng carrred out at 60°-95° C
and under 2-10 pSl Thus, the method of the present
invention utilizes temperatures below the b0111ng

spoint of water, 1i. e <100 C and srgnrfrcantly lower |

pressures than has been the case heretofore with the
attendant advantages descrrbed further below
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Accordingly, it is now possible, using the method of
the present invention, to develop inexpensive on-line
process analyzers which permit regular and reliable
determination of inorganic phosphate concentrations.
Thus, the present invention further relates
to an apparatus for flow injection analysis (FIA)
determination by the molybdenum blue complex
colorimetric reaction of total inorganic phosphate
concentration in an aqueous system containing
dissolved inorganic polyphosphate as well as
orthophosphate, comprising (1) filter means and
three-way valve means for establishing a filtered,
continuously flowing.sample stream from said aqueous
System to waste, from which sample units may be
selected at designated intervals; (2) mixing valve
means having two switchable modes of operation: (a)
when a sample unit is not to be analyzed, two reagent
composition streamS'comprising a color- forming
reagent and a reducing agent, are brought together
and admixed on a continuous basrs, and (b) ‘when a ‘
sample unit is to be analyzed ‘the stream of reducrng
agent 1is 1nterrupted and the frltered sample stream -
18 substrtuted therefor for suffrcrent t1me to select
a sample unit, which then becomes admrxed w1th the ‘
color- formrng reagent gstream, after wh1ch the flow of

the reducing agent stream is restored; (3) a flrst

conduit means for separately connectrng ‘and carrying |
the sample stream and the two reagent composrtron  .
streams to said mrxrng valve means,.(a) contarner
means for the two reagent comp081trons, connected to
said mixing valve means by said frrst condult means,
(5) a second means from said mixing valve means, and
eventually to waste for carry1ng the reaction
mixture stream formed by mrxrng of the sample stream
and the two reagent comPOS1t1on streams during. and
subsequent to passage through said mlxrng valve
means, said second condurt means berng of sufficrent
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length to permit completion of the colorimetric
reaction in the reaction mixture stream; (6) heating
means through which the second conduit means passes
for heating of the reaction mixture stream; (7)
colorimetric means through which the second conduit
means passes, having a 600-850 nm filter for reading
the signal produced by the reaction mixture stream:
and (8) means for maintaining a pressure of from 2-10
psi throughout the means comprising the FIA
apparatus, whereby the sample, reagent composition,
and reagent mixture streams are individually and
collectively impelled through said means, evehtually
to waste. _

In particular, the present inventiOnhrelates
to the FIA apparatus described above wherein the
filter means is a tangential flow bypass membrane
filter system; the heating means is an immersion
heater; the first and second conduit means are made
of polyetheretherketone tubing; and the FIA-apparatus
additionally includes computer means which process
the data from the colorimeter means together Wlth
other data which results in calculation of the
concentration of total inorganic phosPhate contained
in the aqueous system from which the sample for
testing was obtalned | | '

The Present-lnvention also'further relates
to an apparatus for flow injection analyS1s (FIA)
determination by the molybdenum blue complex'
color1metr1c reaction of total inorganic phosphate
concentratlon 1n an. aqueous system contalnlng
dissolved 1norgan1c polyphosPhates as well as
orthophosphate, COmptlSlng (1) filter means, selector
valve means, and 1nJect10n valve means for |
establishing a f11tered contlnuously flowing sample
stream from said aqueous system to waste, from wh1ch
sample units may be selected at des1gnated 1nterva1s
for passage through the FIA apparatus, by switching
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of the injection valve means; (2) injection valve
means and separate mixing connector means which are
connected and operate together so as to have two
switchable modes of operation: (a) when a sample
unit is not to be analyzed, two reagent composition
streams comprising a color-forming reagent and a
reducing agent, are brought together and admixed on a
continuous basis at and by the mixing connector
means, the color-forming reagent flowing directly
into said mixing connector means, and the reducing
agent flowing into said mixing connector means after
first passing through said injection valve means' and
(b) when a sample unit is to be analyzed,_the stream
of reducing agent is interrupted by switching of said
injection valve means and the filtered sample stream
is substituted therefor for sufficient time to
selecta sample unit, which then becomes admixed,

said mixing connector means, with the color-forming
reagent stream, after which the flow of the reduc1ng
agent stream is restored by switching of said
injection valve means; (3) a first conduit means for
separately connectlng and carrying the sample stream
and the reducing agent stream to said 1n3ectlon valve
means and from there to said mixing connector means ;
and a second condult means for connectlng and
carrying the color—form1ng reagent stream to said
mixing connector means, (4) container means for the .
two reagent compos1t10ns, connected to the 1nJect1on
valve means and the mixing connector means by said
first and second conduit means as set out above; (5)
a third condult means from the m1x1ng connector means
and eventually to waste, for carry1ng the reactlon .
mixture stream formed by mixing of the sample stream~'
and the two reagent composition streams durlng and
subsequent to passage through said mixing connector
means, said thlrd,condult means being of sufficient
length to permit-completion Of the -colorimetric



10

15

20

25

30

2003489

1772H - 13 - C-1521DA

reaction in the reaction mixture stream; (6) heating
means through which the third conduit means passes
for heating of the reaction mixture stream; (7)
colorimetric means through which the third conduit
means passes, having a 600-850 nm filter for reading
the signal produced by the reaction mixture stream:
and (8) means for maintaining a pressure of from 2-10
psi throughout the means comprising the FIA
apparatus, whereby the sample, reagent composition,
and reaction mixture streams are individually and
collectively impelled through said means, eventually
to waste. |

In particular, the present invention relates
to the FIA apparatus described above wherein-the.-'
filter means is a targeted flow bypass membrane
filter system; the heating means is an .
immersionheater,'the'first second and thlrd conduit
means are made of polyetheretherketone (PEEK) tub1ng,
the mixing connector means is a T—conneotor; and the
FIA apparatus additionally includes computer means
which process the data from the colorlmeter means
together with other known date which results in
calculation of the concentratlon of the total
inorganic phosPhate contalned in the aqueous system -
from which to sample for testlng was obtalned

DETAILED DESCRIPTION QF THE INVENTION

_ The'PreSeht inventioh relates'to'amethod'
and apparatus for flow 1nJect10n analys1s a

- technique well known 1n the art. Such a method and

apparatus requ1res a cont1nuous flow of a
sample/reagent stream in which a color reaction
product is formed and read on a colorlmeter Such a
method is typlcally carried out in. ‘an apparatus
compr1s1ng a closed system in Wthh the
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sample/reagent stream is carried in conduit means
consisting of tubing of suitable dimensions and
materials. The continuous movement of the
sample/reagent stream is produced by a positive
pressure accomplished by any suitable means, for
example pumping means, such as a peristaltic pump, or
a pressurized system in which compressed air or an
inert gas such as nitrogen is used to propel the
sample/reagent stream through the tubing and other
apparatus means used to carry out the method. A
pressurized system using compressed air is
"0 preferred. The pressure is maintained not only by
the pressure of the gas source imposed on the entire
system, but also by the use in combination therewith
of pressure regulators, restrictor coils with reduced
internal diameters, backpressure loops functioning in
the same way, and the use of a semipermeable membrane
through which the sample/reactron stream passes in
order to remove entralned air. The use of any one or
more of these devices in combination readily
maintains the desired pressure.throughout the_flow
injection analys1s system ' _

The tubrng whrch 18 used to carry the sample

stream, as well as the reagent composrtlon streams

15

20

and reaction mixture invention, must be composed of a -
material which is able to wrthstand the rather harsh
conditions to which it is continually subjected
during the method of the present 1nvent10n including
low pH, elevated temperatures and strong reagents,
while ma1nta1n1ng dimensional uniformity w1th1n very
strict tolerances, which is essential for assuring
consistency and reproducrbrllty of the analytrcal.,
results over a long per1od of time. Materials whiCh
are subject to swellrng, d1stent1on elongation or
other changes in drmensronal un1form1ty may not be
suitable for the tub1ng used in the apparatus of the
‘present 1nvention For example wh11e

25

30
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polytetrafluoroethylene (PTFE) has many desirable
features, it lacks the high degree of dimensional
uniformity after extended use required for the method
of the present invention. Polyethylene does not
possess sufficient resistance to the low pH and
reagents present in the present method. A material
which has been found suitable, on the other hand, is
polyetheretherketone (PEEK), and it is preferredéfOI
use with the apparatus of the present invention,

The size of the tubing is selected so as to
accomplish a desired flow rate with respect_to~ad
sample size within a desired range, which makes
economic use of the required reagents and affords an
adequate reaction time. In the method and apparatus
of the present invention, it has been found useful to
employ tubing having an internal diameter (ID) offrom.
0.0125 to 0.1000 cm, with an internal dlameter of
0.0500 cm (= 0.02 1n) being preferred |

Using tubing having the preferred 0.0500 cm
internal diameter, a flow rate throughout'the'inw
injection system of between 0.13 and 0.18 mL/mln is
maintained, preferably 0.15 mL/min. W1th such a flow
rate, the sample unit size may vary between 10 and
150 uL, preferably between 50 and 125 uL and most
preferably 100 pL. With 1ncrea31ng sample unit
size, it has been found that there ig 1ncreas1ng
difficulty in ma1ntain1ng adequate ac1d1ty to prevent
silica (510,) 1nterference Silica undergoes the
same color~form1ng.react10n Withathetmolybdate '
reagent employed in"thefmethod.of the present
invention as does ofthophoSphate,'and thus creates'

 the poss1bil1ty of interference with the total

1norgan1c phosphate determ1nat1on R Because the

color-forming react1on with 81110a 18 pH dependent

it is possible to v1rtua11y eliminate the slica
interference by ma1nta1n1ng a suff1c1ent1y low pH.
This is done most convenlently by ut11121ng an
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adequate amount of the inorganic acid, e.g.,
concentrated sulfuric acid, which is part of the
color-forming reagent composition used in the method
of the present invention.

The pressure in the system, which isg
preferably achieved by use of compressed air to
create a pressurized system, and by means of which
the flow rate described ‘above is maintained, ‘should
be between 2 and 10 psi, preferably between 4 and 6
psi. This is a s1gn1f1cant reduction in the amount
of pressure required in many flow injection analysrs
methods and devices employed in the prior art, which
have often used pressures as high as 70 psr The
purpose of such high pressures was to suppress the
bubbling caused by the_release of dlssolved a1r_1n
the sample/reaction mixture during trave1 through
thecolorimeter, whrch interfered with the readrngS'
obtained from that 1nstrument Such hrgh pressures
were a concomitant, however, of the use of hrgh
temperatures, 1i. e 'h . - .
>100°C, in the prror art methods to carry out the
hydrolysis reaction whrch converted the {j[" j
polyphosphates to orthoPhosphates It 1s possrble
u81ng the present 1nvent10n, to avord the hlgh
pressures of the prror art methods and devrces:;f

~becausge the correspondrng h1gh temperatures of those

methods and devrces have also been elrmrnated |
| Return1ng to the startrng pornt of the flow j 
1n3ect10n analysrs method of the present 1nvent10n,"°'
it is one for the determ1nat10n of the j"f | '_
concentratron of total drssolved 1norganlc phosPhate

in an aqueous system It has already been noted

further above that the 1norgan1c phosphate content is.;d'.._p“
primarily polyphosPhate It has also been noted thatj-*' A

the method of the present 1nvent10n may be used to

determine the concentratlon of orthOphosphate only,
1f that is desrred ' ' '
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The aqueous system in its broadest context
is any water solution containing dissolved inorganic
phosphate which is used as a sample for analysis in
the flow injection method of the present invention.
Most typically, this aqueous system is water from a
cooling tower or a boiler. However, the method of
the present invention obviously has wider
applicability, and it is intended that it 1nclude
analyses where the aqueous system is, e.g., a
clinical specimen, or where a sample of fertilizer
has been dissolved in water for analysis using the
method of the present invention.

Where the aqueous system sample is from
cooling tower water or boiler water, it is usually
found to contain suspended fine solids which will
clog the tubing and otherwise interfere with
thevarious pieces of apparatus used to carry out the
method of the present'invention. Thus, sample
filtration is necessary to separate corrOSion |
inhibiting phosphate from phosphate tied to susPended
material and to prevent plugging of the 1nstrument
Scale and corrosion inhibiting phosphate 1s
considered to be,dissolved phosphate or phosPhate°
attached to < 0.45p sized particles. Bypass
membrane filtration is preferred, with tangent1a1
entry of bypass being desirable for onmllne ‘sample
filtration, because membrane fou11ng is slowed by the
cleaning action of the sample stream. Commerc1a1
fllterlng systems wh1ch are sultable 1nc1ude the from ‘
4M1111pore Corp., Bedford Massachusetts 01730 9903
Minitan-S filter assembly, Collins Products Company,
Livingston, Texas 77351 and the Collins Sw1r1c1ean
bypass filter. Consequently, it is provided that the
sample stream be f11tered "Any filter mater1al or
device wh1ch w111 remove the suspended fine SOlldS.
from the sample stream is suitable; and it has been
found that good results are achieved with the. method
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and apparatus of the present invention when particles
of 0.45p and larger are removed.

It 1s necessary to establish the filtered
sample stream in such a way that sample units'may be
selected therefrom at designated intervals. This is
suitably carried out using a selector valve together
with an injection valve, both of which are of known
design and allow the sample stream, which is
being filtered, to flOw.in a continuous manner
through the selector and injection valves to waste,
but not through any other part of the flow,injection
analysis system. In addition to assuring that a
fresh sample unit is provided whenever a sample is to
be analyzed, the selector valve also functions'to
permit the introduction of standards and dlstllled
water into the basic flow injection analysis
stream.It will be appreciated that other devices may
be substituted for the selector valve, i e;..dev1ces
0f known design and function which are capable of
carrying out the method of the present 1nvent1on
particularly that part of the method accomplrshed by
the selector valve. One such other device 1s1
described further below ff’ _

Sample unlts for evaluatlon 1n the flow
injection system are selected at de81gnated
intervals. These de31gnated 1ntervals are | |
predetermined based on the number of samples that 1t
is desired to test wlthin a glven perlod of tlme and
are usually preprogrammed 1nto a computer or 91m11ar
device which controls the oPeratron of. the entrre.l
flow 1n3ect10n analys1s system ' Durlng convent10na1
operatron the selector valve w111 be set so that the
sample stream enters the selector valve and then goes '
on to the 1n3ect10n valve,\and £rom there on to
waste. On command from the computer or other control
dev1ce or even manually, the inJectlon valve then
directs the sample stream through a sample 1oop of
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tubing which is of the appropriate dimensions to give
the desired sample size, most preferably 100 uL.

The sample loop is preferably in the
separate device termed the injection valve, which has
as 1ts function the injecting of the sample unit into
the continuously flowing reagent stream. The device
functions in such a way that the sample unit is
injected into a reagent stream. The 1nJect10n of the
sample unit into a reagent stream may take place in
two different'ways which, while accomplished by
different means, are COnceptually the gsame and‘thus
represent different embodiments of the present
invention. One such means is a mixing valve, which
has two or more inlet ports and a single outlet
port. Within the valve assembly, means controlled by
the operation of a solenoid allow measured quantitres‘
of the contents of a tube leading to one of the inlet
ports to pass through the valve assembly and out the
outlet port. The solenord then closes that 1n1et
port and opens a second inlet port, where agaln a
measured quantrty of ‘the contents of a tube leadrng
to the second 1nlet port are allowed to pass through '
the valve assembly and out the outlet port By***
alternating the 0pen1ng and clos1ng of these 1nlet
ports, e.g., once a second a thorough mrxrng of the

ontents of the two tubes enter1ng the 1nlet ports 1is
achieved. ' ' : |

When a mrxrng valve is used to carry out the,
method of the present 1nvent10n 1t functrons 1n the
followlng way. Durrng the stage of the process when o
the bas1c flow 1nJect10n analysrs stream is mov1ng
through the system.rn a state of readrness to recervee_.
a sample unit to be analyzed the two reagent
composition streams which form the basrc flow
injection analysrs stream are brought together and
admixed at a mix1ng valve These two reagent

.compos1tron streams are (a) the color—formrng reagent  '
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compromising an inorganic acid and molybdenum (V and
VI), and (b) the reducing agent and preservative
composition therefor. Either the timing of the
solenoid which controls the amount of each reagent
stream leaving the outlet port, or the concentrations
of the reagent compositions themselves, may be
adjusted so as to predetermine the ratio of the
reagent concentrations in the basic flow injection
analysis stream. These can be set as desired,
depending on the makeup and stoichiometry of the
reagent composition streams. For example, where
concentrated sulfuric acid and ascorbic acid are
used, the timing and/or concentrations are adJusted
to provide a 1:1 molar ratio of the reagents.

When a sample unit is to be analyaed,-the
selector and injection valves are set and activated‘
so that a sample unit travels through a tube to a
third inlet port of the mixing valve described above,
where it enters the mixing valve. At the same time,
however, the inlet port for the reduc1ng agent and
preservative composition is closed, so that the ‘
sample unit is, in effect, substituted therefor, and
as a consequence, the sample unit becomes admlxed
with the color—formlng reagent which 1s st111
entering the mixing valve. After the sample unit has
completely passed through the m1x1ng valve, its inlet
port 1is closed and that for the reduc1ng agent and
preservat1ve is reopened As a consequence of the

above actions, it will also be seen that the reducing
agent and preservative reagent compos1t10n is present

in front of and behlnd the sample unit in the basic
flow injection analys1s stream.

‘Another embodlment of the present invention

, replaces the selector and 1n3ector valves described

above with the s1mple expedlent of a threemway valve
connected by tubing directly to the mixing valve,
through which sample'contlnuously flOWS‘tO_WaSte
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through one of the ports of the three-way valve. By
means of such a valve, it is possible to have a
continuous flow of fresh sample, and then by
switching the three-way valve, provide for direct
flow of a sample unit to the mixing valve, the unit
size being determined by the length of time that the
three-way valve remains open for passage of sample.
Another means for accomplishing the
injection of the sample unit into a reagent stream,
involves the use of an injection valve as descrlbed
above together with a T—connector Ags with the
mixing valve embodiment, during the stage of
readiness for receiving a sample unit, the two
reagent streams are mixed together on a o
continuousbasis, but by means of being_brought 
together at the T-connector rather than through a
mixing valve. When a sample unit is to be analyzed
the injection wvalve 1s activated and the sample un1t
is injected into the reducrng agent and preservatrve
composition reagent stream which also passes through
the 1n3ectron valve on a contlnuous basis As a
consequence, the redu01ng agent stream 1s present in
front of and behrnd sard sample unit vrewed as a _
continuously flowlng system, just as with the mrxrng"
valve embodiment descrlbed further above '~The'." :
reduc1ng agent stream pushes the sample un1t on ahead;-'
of it so that when the sample unrt reaches the |
T-connector, only sample and color-formlng reagent :
are admrxed at the. T—connector, JUSt as wrth the
mixing valve embodiment described further above -
~ In both embodrments descrrbed above, as the .
sample/color~form1ng reagent mlxture passes through
the remarnder of the flow 1n3ectron analy31s system
acid hydrolys1s of 1norgan1c phosphate to |
orth0phosPhate takes place and the molybdate
heteropoly yetlow complex 1s formed ~During the.
course of this passage the reducrng agent w111 also
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completely infiltrate the mixture, forming the
molybdate heteropoly blue complex. It is believed
that by means of this novel series of steps, the
method of the present invention is able to utilize
low pressures and temperatures to accomplish the

hydrolysis of dissolved polyphosphates and the
color-forming reaction, which has requ1red hrgh

temperatures and pressures in the methods of the
prior art, o |

In both of the two embodiments for carryrng
out the method of the present invention, the reducing
agent stream comprises a reducing agent and a
preservative composition'therefor. The reducing
agent acts to reduce the-phosPhomolybdate'cOmplex to
the heteropolymolybdate blue form. A commonly '
employed reducing agent recognized for this purpose
is ascorbic acid, and this is the preferred reduc1ng
agent for use in the method of the present
invention. However, 'other reduc1ng agents are known
in the art, and any of these, Oor any combrnatlon of
these, may be employed. See, e.g. Frenzel o N
Fresenius' Z. Anal. Chem., 329, 668 (1988),.&@&
Methods for the Examlnatlon_gf Wate | stewater,
Clesceri et al., eds. 17 Editron p 4 175 to 4 176
(1989): and Pederson et al : Analxt_gal_g_emrga Acta
238, 191 (1990). Sultable reduc1ng agents 1nclude
stannous chloride,' o ' S
4-amino-3- hydroxy-l naphthalenesulfonlc ac1d sodium
sulfite, sod1um bisulf1te, and sod1um ' N
metab1su1f1te The amount of ascorbrc acid employed |
will be between 10 and 30 g/L preferably between 15
and 20 g/L. B o |

It 1s poss1b1e to use a catalyst such as
antimony (III) to accelerate the activity of the -
reducing agent, and thus the rate of reduction '

Decompos1t1on of the reduc1ng agent such as
ascorbic acid will occur w1thout the use of one or
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more preservatives. Such decomposition can be caused

by dissolved oxygen in the aqueous system, or by the
presence of oxygen radicals. The presence of heavy
metals may also catalyze such decomposition.

Preservative agents for use with the reducing agents
of the present invention, and which act as oxygen
scavengers, include those recognized in the art as
suitable for that purpose, e.g., acetone, which is
preferred, other ketones such as methylethyl ketone,
glycerol (Kondo et al., Corr. Eng., 36, 235, 1987),

and glycol. They may be used alone or together in
combination.

Chelating agents which bind to heavy metals
capable of catalyzing the decomposition of the
reducing agents may also be used in the preservative
composition. Any chelating agent which will chelate
metals which cause instability of the ascorbic acid,
and which is otherwise compatible with the other
elements present in the method of the present
invention, may be used A preferred chelating agent
18 ethylenedlamlnetetraacet1c acid (EDTA) in any of
its various salt forms,?e g., tetrasodium EDTA,
edetate sodium, edetate d1sod1um edetate tr1sod1um
and edetate calcium disodium. Disodium EDTA is
preferred. Nltrllotr;acetlc.acid'ma§ alSo'be used,
for example. ' ' -

A preferred reducing agent and preservative
composition for use in the method of the present
1nvent10n has the follow1ng comp031t10n |

17.6 g ascorbic acid . In 1 L of

50 mL  acetone . deionized
7.6 mg disodium EDTA . water

The disodium EDTA is convenlently added as 2mL of
Calgon Reagent R-5010, which is 0.001 M EDTA and
contains sufficient NaOHuto solub111ze the ‘EDTA, as
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well as a very small quantity of a preservative.

The amount of reducing agent such as
ascorbic acid employed will be between 10 and 30 g/L,
preferably between 15 and 20 g/L. The amount of
preservative such as acetone employed will be between
45 and 55 mL/L, preferably 50 mL/L.

In both embodiments of the method of the
present invention described above, the color~forming
reagent stream comprises an inorganic acid and
molybdenum (V and VI). Hydrolysis of the

polyphosphate to orthophosPhate_takes place in an

acidic medium, and for this purpose there may be
employed, e.g., concentrated sulfuric acid

(H 504), whrch is preferred. Other |
sultablelnorganrc acids, such as hydrochloric acid
(HC1l) and perchloric acid (HClOA) may be used,.but
these tend to be more volatile and fuming and/or
oxidizing, as in the case of HC10,, which_tends to
introduce some element of hazard into the flow
injection analysis'methOd Nitric acid (HNO ) may
also be employed, either alone or in comblnatron with
H,50,. However' since HNO3 acts as an | |
oxidizing agent, it can 1ntroduce complrcatrons 1nto'
the overall chemlstry of the flow 1nJect10n analysrs |
method. ' | ' ‘

The inorganic ac1d reagent, -whrle 1ts
purpose is hydrolysls of the polyphosPhate to
orthoPhosphate, is referred to here1n along wrth the
molybdenum (V and VI) as ‘the color~form1ng reagent
since these reagents are most advantageously and
typically employed together | -

The molybdenum blue complex reagent
composition may_be,prepared in accordance with |
procedures known'in the art. However, the method of
the present 1nventron does permrt use of a simple
molybdate reagent whrch is a dlstrnct 1mprovement
over the complex molybdate reagent used by Hirai et
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al., and prepared as described in Anal, Chim. Acta,
115, 269-277. That procedure involves several steps
and use of concentrated hydrochloric acid in addition
to concentrated sulfuric acid, as well as use of a

zinc reducing agent. By contrast, the molybdate
reagent for use in the method of the present
invention may be prepared simply by dissolving from 5
to 15 g, preferably 10 g of ammonium molybdate
tetrahydrate [(NH,)Mo,0,,¢4H,0] in from
60 to 120 mL, preferably 102 mL of concentrated (95%)
sulfuric acid (HZSO4). The solution may then be .
diluted to 1 L with deionized water to give the
molybdenum (V and VI).reagent solution. When this
reagent mixes with the reducing agent stream
containing, e.g., ascorbic acid, the ascorbic acid
partially reduces the molybdenum so that it has an
average oxidation state between 5 and 6. The
molybdenum blue color complex results. 'l

The manner 1n which the color-formlng
reagent solutlon 18 brought into contact wrth the
sample unit and reducrng agent stream has already
been described. - All of these components must ‘be
thoroughly admrxed to form the resultant reactlon
mixture in the course of their passage through the
tubing of the flow inJectron analys1s system Thrs )
can be accompllshed by hav1ng the tublng carrying the
sample unit and carrler stream mlxture meet tubrng
carrying the reagent solutlon at a 90°'ang1e _
T-connector. Other dev1ces whrch accomplrsh the same |
obJectrve of thorough admrxture may be used. One
such device, whrch reta1ns the advantages of
efficiency, relrablllty, and economy that
characterize the T—connector, 1s a solenord Operated
mixing valve of the type sold by B1o~Chem Valve -
Corp., East Hanover, NJ | Such mixing valves feature--
low power consumptron 1solated solenord hlgh cycle
life, low internal volume fast response trme Teflon
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wetted parts, and valve seat travels adjusted for
accurate fluid sampling. The mixing valve can mix
together the proper ratio of reagents and samples by
switching from one stream to another in rapid
succession, resulting in a well mixed solution. The
very rapid mixing of samples and reagents which can
be achieved with such a mixing valve results in
faster reaction times and Sharper peak shape from the
colorimeter. p

The next step involves heating of the
reaction mixture so that the hydrolysis of the
inorganic polyphosphates to orthophosphates may be
completed. This hydrolysis or digestion step is
carried out at a temperature of from 60°-95° C, and
preferably from 75°-93° C, but most preferably at 90°
C. Where it is desired to analyze only'the.content
of orthophosphate in the aqueous system, then the
temperature will be between 25° and 35°'Ch'preferably
30° C. The time for this step to be completed,
whether 1t 1is for total 1norgan1c polyphosphate, or
orthophosphate only, will be from 10 to 25 min, .
usually from 15 to 20 min. A typical res1dence time
for completion of thlS step is 16 min. The dev1ce
most convenient for carrying out this step is a
81mp1e reactlon coil'_e,g., one coil of_tubzng,lOOO
cm in length and 0.0500 cm (=0.02 in) internal
diameter encased in an aluminum heater block.

Us1ng flow rates within the range of those
descr1bed above the desrred overall react1on time is
achieved w1th such a dev1ce Other means may be '
substituted for the reactlon coil. It may be more
economical, e.g., to change from a spool of tubing
encased in an alumlnum heater block to an immersion
heater with a thermocouple attached to the surface ofi
the heater and held in place by tightly rapped tubing
and insulated with silicon tape In such a device,
the surface of the heater is hotter than the opposite
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side of the tubing by about 5° C (heater surface
temperature of about 90° C and room temperature
operation), making the sample temperature somewhere
between those two values. Using more insulation'
reduces the temperature differential, but slows
cooling rates. Using this design, heater
temperatures up to about 95° C will not boil the flow
injection analysis reaction mixture. _ |

As has already been described, the reaction
which takes place in this step achieves two-results:
(1) the inorganic polthosphates are converted by
acid hydrolysis to.orthophOsphate, and (2) the
orthophosphate reacts'With the molybdenum (V and VI)
reagent to form the heteropoly blue complex. This
latter reaction is the.color—forming.step in which
the color complex is formed. A third and ancillary
reaction may aISO be taking place'during'this'Step,'
and that 1is completron of the partial reductron of
the molybdenum (V and VI) by the reducrng agent
e.g., ascorbic acid so. that an average oxrdatlon
state between 5 and 6 is achieved.

Even though the reactron temperatures for

J

the step descr1bed above are below the 100° C borllngh

~point of water, and 1t 1s therefore unlrkely that

S1gn1f1cant amounts of drssolved a1r gases (oxygen,
and nrtrogen) will come out of solutron, 1t is §
preferred to employ an a1r frlter wh1ch wrll remove"
any such bubbles of gas whrch may unexpectedly - '
appear. The evolutlon of gas bubbles can cause'
unacceptable detector "no1se“ when the reactron
m1xture containrng the color complex is passed |

fthrough the colorrmeter for readrng  AS already

explarned above, the a1r fllter is conven1ently a

sem1permeable membrane through whrch the reactlon

mixture is passed to remove any extraneous gases

wh1ch have formed Such air filters are well known

in the art. urthermore, because of the 1mprovement
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obtained with the method of the present invention
whereby lower temperatures and pressures are required
than with the methods employed heretofore in the
prior art, it is not necessary to employ at this
stage of the method a cooling coil to reduce the
temperature of the reaction mixture prior to passing
it through a colorimeter.

The next step in the flow injection analysis
method of the present invention involves pasging of
the reaction mixture containing the color'eOmplex
through a colorimeter. This is typically a
flow-through cell spectrophotometer equipped with a
filter which permits monitoring of the heteropoly
blue complex within a wavelength range of from 600
to850 nm. A 650 nm filter is usually employed. The
path length for the flow-through colorimetei'cell 18
from 0.5 to 2 ¢cm, but is preferably 1 cm in'length.

The last step of the flow injection analysis
method of the present invention is the one which
utilizes the 1nformat10n obtained from the
colorimeter readlng in the precedlng step and
together with 1nformat10n already ava1lab1e
calculates the concentratlon of total 1norgan1c
phosphate conta1ned in the aqueous system from which
the sample for testlng was obtained. It is des1rab1e '
to employ standards ‘and routlnely test these so as to i
obtain and have readlly available 2—p01nt '
standard1zation data. It is most convenient to
employ a computer to process all of thlS data and
calculate the de81red end result. Thus, the s1gna1
from the colorlmeter may be sent dlrectly to such a
computer; and the 1nformat1on derived from the
colorimeter readlng.togethex-w1th the other data
necessary to calculate the end result which is _
already stored in the~computer memory, permits a'very.f'
rapid and automatic readout of the concentratlon of

total inorganic phosPhates in the aqueous system on
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an ongoing and regular basis.

DESCRIPTION QOF THE DRAWINGS

FIG. 1 of the drawings depicts a typical
analyzer apparatus for carrying out the method of the
present invention. The solid lines depict conduit
means, i.e., tubing which carries the sample/reaction
streams through the various steps of the method. The
depiction is not drawn to scale, and the'length of
tubing may be var1ed unless a preferred 1ength is
otherwise specified. _ '

- The dashed lines enclose specific.meansfin
the apparatus whioh'are replaced with.other,means to
form the embodiment shown in FIG. 2. A sample stream
1 from an aqueous system (not shown) enters'through a
filter means 3 which removes suspended sol1ds which
might otherwise clog the tubing of the system

The sample stream contrnuously flows through
the selector valve 5, tO'wh1ch standard solut1ons yi
and 9 are also connected by tublng _Q,and 17,

| respect1vely These standard solutrons 0perate as

substitutes for ‘the sample stream and are sent

‘through the flow 1n3ect10n system on a regular basrs

in order to provide a set of 3- po1nt standardlzatron__.'
data for making the. end result calculations. ‘
Movement of the standard solutrons as well
as the sample stream 1s accomplrshed by use of a |
pressur1zed system us1ng a source of compressed a1r'ﬁ
11 under pressure regulated by regulator,_g
‘When a sample 1s analyzed the selector
valve 5 will be drrectrng the sample stream through a
sample loop 23 in 1n3ect10n valve 21 through tublng
22 to waste, thus assumlng a contrnuous supply of

fresh sample At desrgnated 1ntervals,.the 1nJect1on -

valve‘_l swrtohes the sample 1n~l1ne SO that the
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reducing agent reagent 25 arriving through tubing 27
and previously contained in loop 23 of injection
valve 21, pushes the sample unit ahead through tubing
29. Before the sample is injected, reducing agent

reagent Z5 flows through loop 23 and tubing 29 on a
continuous basis, where it becomes admixed at

I-connector 3J5 with color-forming reagent 31. .

The pressurized containers for the standard
solutions 7 and 9, as well as the reagents 25 and 31,
are assisted in their function by check valves,
in-line filters, and restrictor coils, but these are
standard features and are not identified by numbers
in the drawing. ' '

While the sample unit is traversing tubing
29, 1t 1s bounded in front and behind by redu01ng
agent reagent 25. This sample unit enters the
IT-connector 35, into which also enters tubing 33
carrying the color-forming reagent 31. Because of
the "T" configuration of the junction, there results
a thorough admixture of the sample unit and
color-forming reagent. When the reducing agent
infiltrates this admixture, the overall feaction
mixture compr1s1ng the bas1c flow 1n3ect10n ana1y51s
stream is formed. o

The reaction mlxture 1S carrled through
tubing 37 to a heatlng device 39 which maintaing a
temperature between 60° and 95° C, and wh1ch_conta1ns
a coil of tubing 41 of sufficient length to allow the
required re81dence t1me of about 16 min for the
react1on mixture.

The heteropoly blue complex has now been
formed in the react1on m1xture, and thig is carr1ed
through tubing 43 and an air filter _i,to remove any
air bubbles which have unexpectedly evolved during
the reaction heatzng Instead of an air filter 45,

there may be employed at this point a backpressure

loop 46.



10

15

20

25

30

2003489

1772H ~ 31 - C-1521DA

The color complex together with the reaction
mixture is now carried through tubing 47 to the
colorimeter 49 containing a flow-through cell with a
650 nm filter (not shown), where the sample is read.
The reading of the colorimeter 49 may be visually
inspected, or may form a signal sent to a computer
(not shown) which uses that and other data to
calculate the concentration of inorganic
polyphosphate in the sample.

A restrictor coil 51 assists in maintaining
the pressure (@5 pgi) in the system, and after
passing through this coil, the reaction mixture with
color complex which has now been read in the
colorimeter 49, passes to waste through tubing 53.

FiG. 2 of the drawings depicts another
embodiment of the apparatus of the present invention
in which a three-way valve and mixing valve means
have been substituted for the selector valve and
injection valve means depicted in FIG. 1 of the
drawings. The area of substitution is shown in FIG.
1 by means of the dashed lines. While the different
means of FIG. 2 operate in a different way from the
means of FIG. 1, conceptually the same functional
results are obtained, i.e., the same method steps are
achieved.

The filtered sample stream 1 enters a
three-way valve means 60 and flows through conduit
means, 1i.e., tubing 62 to waste on a continuous basis
sOo as to provide fresh sample. When a sample is to .
be analyzed, the three-way valve 60 is switched so
that a sample unit now flows through tubing 64 and
pressure regulator 66 to the mixing valve means 68.
The size of the sample unit is determined by the
length of time that the three-way valve 60
remainsswitched, which is readily controlled in a
predetermined manner.

The sample unit in tubing 64 enters mixing
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valve 68 through inlet port 70 and then exits the
mixing valve through outlet port 72. The amount of
sample which enters and leaves the mixing valve is
determined by the opening and closing of the inlet
port 70, the operation of which, in turn, 1is
controlled by solenoid /4. Once the sample leaves
the mixing valve 68, it continues on through tubing
37 to the heater 39 and other portions of the flow
injection analysis system depicted in FIG. 1 of the
drawings.

During the stage of the process when the
basic flow injection analysis stream is moving
through the system in a state of readiness to receive
a sample unit to be analyzed, the two reagent
composition streams which form the basic flow
injection analysis stream are brought together and
admixed by the mixing valve 68. The reducing agent
and preservative composition reagent 25 moves through
tubing 27 (as in FIG. 1) to inlet port 76 controlled
by solenoid 78. The color-forming reagent 31 moves
through tubing 33 (as in FIG. 1) to inlet port 80
controlled by solenoid 82. Thorough admixing of the
two reagents 1s accomplished by the mixing valve 68
through rapid successive opening and closing of the
inlet ports 76 and 80, controlled by solenoids 78 and
82, respectively. The thoroughly admixed reagents
then exit the mixing valve through outlet port 72 and
continue on through the remainder of the flow
injection analysis system by way of tubing 37.

When the sample unit enters the mixing valve
68 through its inlet port 70, inlet port 76 for
reducing agent 25 is automatically closed by solenoid
18 in accordance with a preset control program (not
shown). As a result, the sample unit now becomes
admixed with the color-forming reagent 31 by
operation of the mixing valve 68 as described above.
As soon as the sample unit has passed through the
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mixing valve, its inlet port 70 is closed again and
inlet port 76 for reducing agent 25 is automatically
reopened by the same preset control program. As a
result, the reducing agent 25 will be found in front
0f and behind the mixture of sample unit and
color-forming reagent, and these all together form
the basic flow injection analysis stream which
proceeds on through tubing 37 to the remaining steps
and means of the flow injection analysis system
depicted in FIG. 1.

Mixing valve 68 depicted in FIG. 2 has a
total of six inlet ports, the function of only three
of which has been described above. Use of the
additional inlet ports can provide a facile
substitute for the selector valve and injection valve
depicted in FIG. 1 with respect to the use of
standards and dilution with distilled water as well.
When it 1s necessary to analyze the standards 7 and
9, they may be brought to mixing valve 68 through
tubing 15 and 17, respectively (as in FIG. 1), and
enter through inlet ports 84 and 86 controlled by
solenoids 88 and 90, respectively. Their admixture
with the reagents 25 and 31 takes place in the same
manner as described above for the sample unit, all of
which is controlled by the preset control program.
Use of the remaining inlet port 92 controlled by
solenoid 94 for introduction of distilled water
through tubing 98 which passes through pressure
regulator 100, affords a ready means of direct
dilution of any of the samples, standards or reagents
which enter the mixing valve 68, as described above.

The remainder of the flow injection analysis
system and its function are as described further
above for FIG. 1.
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DESCRIPTION QF PREFERRED EMBODIMENTS

The following example provides a
demonstration of a preferred embodiment for carrying
out the method of the present invention, but is not
intended to be in any way a limitation of that method.

A filtered cooling water stream rung to a
selector valve. At degsignated intervals the gselector
valve directs the sample stream through a 10 uL
sample loop in an injection valve. The injection
valve switches the sample in-~line so that the
ascorbic acid reagent (carrier) pushes the sample
ahead. The sample mixes with acid molybdate at a 90°
angle T-connector. From there it enters a 1000 cm
0.02 in id heating coil at 60°-80° C. For
determination of orthophosphate only, the heating |
coil was at 30° C. It takes 16 min for the sample to
traverse the coil. It then passes through an air
filter which removes extraneous air bubbles. Next
the sample flows through a colorimeter with 1 cm path
length and 650 nm filter. The signal is sent to a
computer which calculates the data from a 2-point
standardization which is repeated periodically by
injecting orthophosphate standards.

The following table of values shows results
obtained using the above method for cooling water,
except that the sample stream was sampled
individually through a sampling device rather than an
incoming stream to a selector valve.
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TABLE

Sample mg /L mg /L Sample mg /L mg /L
NoO. Total Qrtho No. Total Qrtho
3127 <2 <2 3265 3.8 2.6
3266 2.7 <2 3288 2 2
3289 5.5 4,3 3425 2.4 <2
3275 8.2 4.0 3276 20.7 12.2
3491 <2 2 3653 4.3 3.6
3767 16.4 4.2 3768 17 .4 5.5
3692 44 . 4 27 3892 8.2 4.7
3771 16.6 2.4 3279 28.9 13.3
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WHAT IS CLAIMED IS:

1. A flow injection analysis method for
determination by the molybdenum blue complex
colorimetric reaction of total inorganic phosphate
concentration in an aqueous system containing
dissolved inorganic polyphosphate as well as
orthophosphate, comprising the steps of (1)
establishing a filtered sample stream from said
aqueous system from which sample units may be
selected at designated intervals; (2) bringing
together and admixing on a continuous basis the
following two reagent composition streams which then
form the basic flow injection analysis stream: (a) a
color-forming reagent comprising an inorganic acid
and molybdenum (V and VI), and (b) a reducing agent
and preservative composition therefor; (3)
interrupting the flow of reagent composition stream
(b): a reducing agent and preservative composition
therefor, and substituting therefor the filtered
sample stream of step (1) for sufficient time to
select a sample unit, which then becomes admixed with
reagent composition stream (a): a color-forming
reagent comprising an inorganic acid and molybdenum
(V and VI); (4) restoring the flow of reagent
composition stream (b); (5) heating the reaction
mixture to 60°-95°C for a sufficient time to effect
conversion of substantially all of the polyphosphate
contained in the sample unit to orthophosphate, said
time also being sufficient to effect the reaction of
said orthophosphate with the molybdenum (V and VI) to
form a color complex; and thereafter allowing said
reducing agent to partially reduce the molybdenum (V
and VI) so that it has an average oxidation state
between 5 and 6; (6) bassing the reaction mixture
containing the color complex through a colorimeter
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having a 600-850 nm filter and reading the signal
produced thereby; and (7) from the signal information
and previously available standardization data,
calculating the concentration of dissolved inorganic
phosphates in the aqueous stream; wherein all of the

above steps are carried out under a pressure of from
2-10 ps1i.

2. A method according to Claim 1 wherein the
reaction temperature is 90° C.

3. A method according to Claim 1 wherein the
color-forming reagent is concentrated sulfuric acid
and molybdenum (V and VI).

4. A method according to Claim 1 wherein the aqueous
system is cooling tower water.

5. A method according to Claim 1 wherein the
reducing agent is ascorbic acid.

6. A method according to Claim 1 wherein the

preservative composition comprises acetone and a salt
of EDTA.

7. A method according to Claim 1 wherein the
reducing agent and preservative composition is
derived from the solution which consists essentially
of the following:

17.6 g ascorbic acid .In 1 L of
50 mL acetone .deionized
7.6 mg disodium EDTA | .water

8. A method according to Claim 1 wherein the
colorimeter employs a 650 nm filter.
9. A method according to Claim 1 wherein the
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color-forming reagent is derived from the solution
which consists essentially of the following:

10 g (NH4)6M0702404H20 . In 1 L of
102 mL. conc. (95%) H2804 . deionized
. water.

10. A flow injection analysis method for
determination by the molybdenum blue complex
colorimetric reaction of total inorganic phosphate
concentration in an aqueous system containing
dissolved inorganic polyphosphate as well as
orthophosphate, comprising the steps of (1)
establishing a filtered sample stream from said
aqueous system from which sample units may be
selected at designated intervals:; (2) at one said
designated interval, selecting a sample unit and
injecting it as a discrete unit into a continuously
flowing reducing agent stream comprising a reducing
agent and preservative composition therefor, so that
the reducing agent stream is present in front of and
behind said sample unit; (3) injecting the sample
unit and reducing agent stream into a,coloerorming
reducing agent stream comprising an inorganic acid
and molybdenum (V and VI) in such manner that the
sample unit and color-forming reagent are thoroughly
admixed while bounded in front and behind by said
reducing agent stream; (4) heating the reaction
mixture to 60°-95°C for a sufficient time to effect
conversion of substantially all of the pdlyphosPhate
contained in the samplé'unit to orthophosphate, said
time also being sufficient to effect the reaction of
said orthophosphate with the molybdenum (V and VI) to
form a color complex; and thereafter allowing said
reducing agent to partially reduce the molybdenum (V
and VI) so that it has an average oxidation
statebetween 5 and 6; (5) passing the reaction
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mixture containing the color complex through a
colorimeter having a 600-850 nm filter and reading
the signal produced thereby; and (6) from the signal
information and previously available standardization
data, calculating the concentration of dissolved
inorganic phosphates in the aqueous stream; wherein
all of the above steps are carried out under a
pressure of from 2-10 psi.

11. A method according to Claim 10 wherein the
reaction temperature is 90° C.

12. A method according to Claim 10 wherein the

color-forming reagent is concentrated sulfuric acid
and molybdenum (V and VI).

13. A method according to Claim 10 wherein the
aqueous system 1is cooling tower water.

14. A method according to Claim 10 wherein the
reducing agent is ascorbic acid.

15. A method according to Claim 10 wherein the

preservative composition comprises acetone and a salt
of EDTA.

16. A method according to Claim 10 wherein the
reducing agent and'preservative composition is
derived from the solution which consists essentially
of the following:

17.6 g ascorbic acid In 1 L of
50 mL acetone .deionized
7.6 mg disodium EDTA .water

17. A method according to Claim 10 wherein the
colorimeter employs a 650 nm filter.



10

15

20

25

30

20593489
1772H - 40 - C-1521DA

18. A method according to Claim 10 wherein the
color-forming reagent is derived from the solution
which consists essentially of the following:

10 g  (NH,) Mo,0,,e4H,0 . In 1 L of
102 mL conc. (95%) H2504 . deionized
. water.

19. An apparatus for flow injection analysis (FIA)
determination by the molybdenum blue complex
colorimetric reaction of total inorganic phosphate
concentration in an aqueous system containing
dissolved inorganic polyphosphate as well as
orthophosphate, comprising (1) filter means and
three-way valve means for establishing a filtered,
continuously flowing sample stream from said aqueous
system to waste, from which sample units may be
selected at designated intervals; (2) mixing valve.
means having two switchable modes of operation: (a)
when a sample unit is not to be analyzed, two reagent
composition streams comprising a color-forming
reagent and a reducing agent, are brought together
and admixed on a continuous basis; and (b) when a
sample unit is to be analyzed, the stream of reducing
agent is interrupted and the filtered sample stream
is substituted therefor for sufficient time to select
a sample unit, which then becomes admixed with the
color-forming reagent stream, after which the flow of
the reducing agent stream is restored: (3) a first
conduit means for separately connecting and carrying
the sample stream and the two reagent composition
streams to said mixing valve means; (4) container
means for the two reagent compositions, connected to
said mixing valve means by said first conduit

means; (5) a second means from said mixing valve
means, and eventually to waste, for carrying the
reaction mixture stream formed by mixing of the
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sample stream and the two reagent composition streams
during and subsequent to passage through said mixing
valve means, said second conduit means beinglof
sufficient length to permit completion of the
colorimetric reaction in the reaction mixture stream;
(6) heating means through which the second conduit
means passes for heating of the reaction mixture
stream; (7) colorimetric means through which the
second conduit means passes, having a 600-850 nm
filter for reading the signal produced by the
reaction mixture stream; and (8) means for
maintaining a pressure of from 2-10 psi throughout
the means comprising the FIA apparatus, whereby the
sample, reagent composition, and reagent mixture
streams are individually and collectively impelled
through said means, eventually to waste.

20. An apparatus according to Claim 19 wherein the
filter means is a tangential flow bypass membrane
filter system; the heating means is an immersion
heater; the first and second conduit means are made
of polyetheretherketone (PEEK) tubing; and the FIA
apparatus additionally includes computer means which
process the data from the colorimeter means together
with other data which results in calculation of the
concentration of total inorganic phosphate contained

in the aqueous system from which the sample for
testing was obtained.

2l. An apparatus for flow injection analysis (FIA)
determination by the molybdenum blue complex
colorimetric reaction of total inorganic phosphate
concentration in an aqueous system containing
dissolved inorganic polyphosphates as well as
orthophosphate, comprising (1) filter means, selector
valve means, and injection valve means for

establishing a filtered, continuously flowing sample
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stream from said aqueous system to waste, from which
sample units may be selected at designated intervals
for passage through the FIA apparatus, by switching
of the 1njection valve means; (2) injection valve
means and separate mixing connector means which are
connected and operate together so as to have two
switchable modes of operation: (a) when a sample
unit is not to be analyzed, two reagent composition
streams comprising a color-forming reagent and a
reducing agent, are brought together and admixed on a
continuous basis at and by the mixing connector
means, the color-forming reagent flowing directly
into said mixing connector means, and the reducing
agent flowing into said mixing connector meang after
first passing through said injection valve means: and
(b) when a sample unit is to be analyzed, the stream
of reducing agent is interrupted by switching of said
injection valve means and the filtered sample stream
is substituted therefor for sufficient time to select
a sample unit, which then becomes admixed, at said
mixing connector means, with the color-forming
reagent stream, after which the flow of the reducing
agent stream is restored by switching of said
injection valve means; (3) a first conduit means for
separately connecting and carrying the sample stream
and the reducing agent stream to said injection wvalve
means and from there to said mixing connector means:
and a second conduit means for connecting and
carrying the color-forming reagent stream to said
mixing connector means; (4) container means for the
two reagent compositions, connected to the injection
valve means and the mixing connector means by said
first and second conduit means as set out above; (5)
a third conduit means from the mixing connector means
and eventually to waste, for carrying the reaction
mixture stream formed by mixing of the sample stream
and the two reagent composition streams during and
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subsequent to passage through said mixing connector
means, said third conduit means being of sufficient
length to permit completion of the colorimetric
reaction in the reaction mixture stream; (6) heating
means through which the third conduit means passes
for heating of the reaction mixture stream; (7)
colorimetric means through which the third conduit
means passes, having a 600-850 nm filter for reading
the signal produced by the reaction mixture stream:
and (8) means for maintaining a pressure of from 2-10
psi1i throughout the means comprising the FIA
apparatus, whereby the sample, reagent composition,
and reaction mixture streams are individually and

collectively impelled through said means, eventually
to waste.

22. An apparatus according to Claim 21 wherein the
filter means is a targeted flow bypass membrane
filter system; the heating means is an immersion
heater; the first, second and third conduit means are
made of polyetheretherketone (PEEK) tubing; the
mixing connector means is a T-connector; and the FIA
apparatus additionally includes computer means which
process the data from the colorimeter means together
with other known date which results in calculation of
the concentration of the total inorganic phosphate

contained in the aqueous system from which to sample
for testing was obtained.
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