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Abstract

For effective control of water quality, a routine water laboratory should be geared to analyse latge numbers of samples rapidly and reliably,
making use of proven methods of analysis. A critical review of the present status of flow-injection analysis (FIA) of cations in water is given,
highlighting the possibilities of FIA methods in this area, such as methods for the determination of ammonium, calcium, magnesium,
potassium, sodium, iron, copper, aluminium, lead, chromium, zinc, cadmium, nickel, cobalt, manganese and molybdenum.

Introduction

The first paper (Van Staden, 1987) in this series presented a
critical review of flow-injection analysis (FIA) applications for the
determination of anions in water samples. A short introduction to
the basic characteristics of FIA was also given (Van Staden, 1987).
The early history of the concept of flow-injection analysis has
been thoroughly reviewed by Stewart (1981) and Mottola (1981).
The basic theoretical background related to this technique has
been discussed in detail by Ruzicka and Hansen (1980, 1981),
Reijn ez 4/. (1980), Vanderslice ez 4/, (1981), Painton and Mottola
(1981), Valcarcel and Luque de Castro (1987) and Van Staden
(1989). The advantages of this technique have been discussed in
detail in comprehensive reviews presented by Ruzicka and
Hansen (1980, 1981), Betteridge (1978), Ranger (1981),
Valcarcel and Luque de Castro (1987), Van Staden (1981) and by
Van Staden (1989). Among the advantages are flexibility,
reliability and reproducibility as well as ease of automation and
high sample throughput. The beauty of FIA is that it can be in-
terfaced with almost any detector (spectrophotometry, AA, ICP
etc.) and that, in the case of cations, it can in fact serve as an
automated manipulator for tedious manual procedures resulting
in simple combined systems with a relatively high sample
throughput. In this paper a critical review of the potential use of
different FIA systems for cations in water laboratories is il-
lustrated.

Ammonium ion

Several procedures have been proposed for the determination of
the ammonium ion (ammonia) in water (Table 1) by using the
FIA concept. The three spectrophotomettic methods that appear
to be used almost universally are the indophenol blue method
(Berthelot reaction), the gas diffusion/acid-base indicator pro-
cedure and the use of Nessler's reagent. The ammonium ion has
also been determined by fluorimetry and a modification of the
Shinn reaction where the ammonium ion is first oxidised to
nitrite before diazotation and coupling.

The Nessler reaction has been adapted successfully to flow-
injection analysis for the turbidimetric determination of am-
monia in natural water samples by Krug ez 4/. (1979). Ammonia
reacts with Nesslet’s reagent consisting of mercury (II) iodide and
potassium iodide in alkaline solution to form a deep brown to
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chocolate colloidal precipitate suspension which is measured at
410 nm. In the optimised procedure aliquots of 30 uf are injected
into an alkaline carrier stream before the addition of Nesslet's
reagent. The method is suitable for the determination of am-
monia in water samples in the range 0,5 to 6 mg/f at a sampling
rate of 120/h. Bergamin ez 2/. (1980) improved the method to
the pg/f level employing the merging zones approach with elec-
tronically operated proportional injector to minimise the amount
of Nessler’s reagent used and to avoid base-line drift. Am-
monium ions are preconcentrated in an jon-exchange column in-
corporated as part of the sample loop in the loading position. The
preconcentrated sample is flushed into the conduits of the FIA
system in the injected position. A LED sensor is used as detector
allowing the entire process to be followed colorimetrically. The
procedure is characterised by a precision of about 2%, a sampling
rate of about 40/h, a reagent consumption of 40 uf per sample
and is almost free of interferences. Recoveries between 95 to
105% are obtained for the analysis of rain-water samples with
ammonium contents of less than 200 ug/?.

Oshima (1981) applied the indophenol blue method for the
determination of ammonium in environmental water. Aliquots
of 785 uf were injected into a water cartier stream before sequen-
tial addition of the alkaline phenol and hypochlorite reagents.
Reaction development took place in a reaction coil at 80°C before
measurement at 635 nm. A sampling rate of 100/h was achieved
and the method was suitable in the range 0 to 400 pg/¢at a preci-
sion of 6,2% . Krug ez 2/. (1983) used a modified Berthelot reac-
tion for the determination of ammonium in natural waters. The
authors employed a zone-trapping technique where the main
portion of the reacting sample zone is retained at a temperature
of 38°C until about 80% of the reaction is complete without
significant loss in sampling frequency. Merging zones and the ap-
plication of an injector-commutator formed part of the pro-
cedure. A precision of 0,5% was obtained for 2 working range of
50 to 500 ug/f at a sample frequency of 90 to 100/h. A spec-
trophotometric indophenol blue determination of ammonium in
rain water has also been proposed by Slanina ez 2/. (1980) using a
computer-controlled multichannel continuous flow system.
Water samples from a single sample were channelled via three
sampling valves for the simultaneous determination of am-
monium, nitrate and chlotide. With 150 uf samples the FIA
system covered a wortking range of 0,2 to 20 mg/f at a sampling
rate of 18 to 35/h. The precision was 3%.

A gas diffusion/acid-base indicator procedure for the detet-
mination of ammonium in canal water was described by Van Son
et @, (1983). Aliquots of 29 uf were injected into an alkaline
stream in which the ammonium ions were converted to ammonia
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TABILE 1

AMMONIUM ION

Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix fate per  tration % volume prevalve) technique
hour range injected
mg/f (wf)
Natural 120 0,5-6,0 - 30 Nessler's reagent.  Single line carrier  Spectrophotomeuy Krug ez 4l
waters Mercury (II) iodide  stream and also (1979)
and potassium sequential addition
iodide in alka'ine  of reagents to a
solution reagent carrier
Turbidimetric stream
Natural 40 <0,20 2 - Nessler’s reagent Preconcentration Spectrophotometty ~ Betgamin ez 4/,
watefs {rain with ion-exchange (1980)
water) column in sample
loop of
electronically
operated
proportional
injector. Merging
zones and injector-
commutatot
Environ- 100 0-0,40 6,2 785  Berthelot's reaction Sequential addition Spectrophotometry Oshima
mental waters (Indophenol blue  of reagents to a (1981)
method) water carrier
stream.
Temperature of
reaction coil 80°C
Natural 90-100 0,05-0,50 0,5 100  Modified Berthelot Merging zones and  Spectrophotometty Krug et /.
waters reaction injector- (1983)
commutator with
zone-trapping.
Reacting sample
zone retained at
38°C
Canal water 100 0,017-1,70 3 29  Absorbance change Sequential addition Spectrophotometry Van Son et a.
of an acid-base of reagents to a (1983)
indicator solution  reagent carrier
stream and gas
diffusion through a
gas-permeable
membrane
Rain water 18-35 0,2-20 3 150  Berthelot’s reaction Sequential addition Spectrophotometry Slanina ez a/.
of reagents to a (1980)
Wwater cartier stream
River water 40  0,03-0,15 - 40  Reaction with Sequential addition Fluorimetty Mikasa ez @/.
o-phthalaldehyde in  of reagents 1o a (1985)
the presence of water cartier stream
2-mercaptoethanol
to form a
fluorescence
product
Water 25 0-5 3,8 140  Absorbance change Sequential addition Spectrophotometry Kuwaki ez 4/.
of an acid-base of reagents t a (1987)
indicator solution  reagent carrier
stream and gas
diffusion through 2
gas-permeable
membrane
Natural 40 0-0,10 1,67 2000 Oxidation of Merging zones Spectrophotometry Youxian
waters ammonium to (1987)
nitrite. Diazotation
of nitrite with
sulphanilamide.
Coupling of
product with
N-(1-naphthyl)-
ethylenediam-
monium dichloride
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molecules. Ammonia diffused through a gas-permeable mem-
brane (a piece of Teflon tape with a thickness of 45 um) and
reacted with the acidic form of bromothymol blue to change it to
the basic form. The resulting absorbance change was measured
spectrophotomettically at 620 nm in a flow-through cell. The
response was linear between 0,017 and 1,70 mg/¢ (17 to
1 700 pg/f, which is very sensitive) with a precision of 3%. The
sampling rate was 100/h. This procedure is excelient and should
revolutionise the determination of ammonium at very low con-
centrations in most water laboratories.

A fluorimetric method for the determination of ammonia in
river water was also proposed by Mikasa ez /. (1985). Ammonia
reacted with o-phthalaldehyde in the presence of
2-mercaptoethanol to form a fluorescent substance at pH 9,5.
Fluotescence was measured at 486 nm. Trace amounts of am-
monia (3 to 150 ug/¥f) in river water were determined at a sam-
pling rate of 40/h.

Youxian (1987) described a method where the ammonia was
oxidised to nittite with sodium hypobromite. The nitrite is
diazotised and coupled with N-(1-naphthyl) ethylenediam-
monium dichlotide to form a coloured product which is measured
spectrophotometrically. The merging zones concept was used to
produce a sampling rate of 40/h in the range 0 to 0,10 mg/{ with
a precision of 1,67%.

Calcium

Various detectors have been implemented as sensors in the FIA

determination of calcium in water (Table 2) and this plays a key

role in the formulation of the FIA system used in this regard.
Calcium was determined simultaneously with magnesium,

sodium and potassium in a simple, rapid automated procedure
by using atomic absorption specttophotometry as sensor for both
calcium and magnesium (Basson and Van Staden, 1980).
Samples drawn from a sampler wete injected into a water carrier
stream, reagents added downstream and the samples splitted to a
dual-beam atomic absorption and dual-beam flame photometer
for detection. This allowed the simultaneous determination of
calcium, magnesium, sodium and potassium at a sampling rate of
up to 128/h (approximately 500 analyses per hour) with a preci-
sion of better than 2,7% for calcium in surface, ground and
domestic water. An on-line preconcentration flow-injection
system with inductively coupled plasma atomic emission spec-
trometry (ICP) as detector was also proposed for the determina-
tion of calcium amongst a variety of ultra-trace metals (barium,
beryllium, cadmium, cobalt, copper, lead, magnesium,
manganese, nickel and zinc) in tap-water and rain-water runoff
(Hartenstein et /., 1985). A miniature column of Chelex-100
was used as preconcentrator. The procedure could not be describ-
ed as very successful as the sampling rate of 12 to 20 determina-
tions per hour was less than the conventional ICP sample
throughput of 30 to 60/h.

Spectrophotometry with a variety of organic colour-forming
reagents was, however, used in the majority of FIA systems for
the determination of calcium. Hansen ¢ 4/. (1978) exploited
o-cresolphthalein complexone as colour-forming reagent injec-
ting aliquots of 30 uf waste water at a rate of 100 to 110/h into a
FIA system covering a concenttation range of 1 to 30 mg/f. The
authors also proposed a potentiomettic FIA method for the deter-
mination of calcium for the same type of water samples employ-
ing a single line FIA system (aliquots of 30 uf, sampling rate 100
to 110/h) and covering a concentration range of 20 to 400 mg/¥.
Borate buffer at pH 9,4 with sodium chloride as ionic strength

TABLE 2
CALCIUM

Sample Sampling Concen- Predsion Sample Chemistry Manifold (valve, Detector Reference

matrix rate per  tration % volume prevalve) technique

hour range injected
mg/ (D)

Waste waters  100-110  1-30 - 30 o-Cresolphthalein  Sequential addition Spectrophotometry Hansen ez 4/.
complexone re- of reagents to a (1978)
agent reagent carrier

stream

Waste waters  100-110  20-400 - 30  Borate buffer at Single line carrier Ion-selective Hansen ez 4/.
pH 9.4. Sodium stream electrode (1978)
chloride as ionic
strength
adjustment buffer

Susface, 128 10-125 2,7 200 Lanthanum nitrate  Sequential addition Atomic absorption Basson and

ground and solution in a of reagent to a spectrophotometry Van Staden

domestic cesium and lithium water carrier stream (1980)

water medium followed by sample

splitting.
Simultaneous
analysis of 4
elements with a
single sample

Natural 180 0-500 1 200  Glyoxal bis Merging zones Spectrophotometry  Jacintho e a/.

waters (2-hydroxyanil) as (1981)
colour-forming
reagent
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TABLE 2 (continued)

bottled water
calcfum and

EDTA and

murexide and
magnesium with

eriochrome black T

Tap and pond 80 0,8-7,2 - 20  Exchange reaction  Sequential addition Spectrophotometry ~ Nakagawa e 4/.
water between calcium of reagents to a (1983)
and the zinc reagent carcier
complex of stream
ethylene glycol is
(2-aminoethyl-
ether) tetraacetic
acid (EGTA) in the
presence of
4 (2-pyridylazo)-
resorcinol (PAR}
Potable and - 0,7-4000 ~2% 50  Tetraborate buffer  Single line carrier lon-selective Frend ez 4/.
faw water at pH 9,4. Sodium  stream electrode (1983)
chloride as ionic
strength
adjustment buffer
Natural and 40 1,239 1,12 50  Hydroxynaphthol  Sequential addition Spectrophotometry . Uchida ez 4/,
tap waters blue as complex of reagents to a (1985)
forming agent reagent carrier
stream
Tap and well 60 20-2000 0,2 200  Titration with Pseudotitrations Spectrophotometry  Kouppatis ez 4/,
water EDTA with with the aid of a (1985)
calmagite as microcomputet-
indicator controlled analyser
Well, river 60-90  2-4000 3.5 100  Sodium chloride as
and waste ionic strength Single line carriet Tubular PVC Alonso et @,
water adjuster containing  stream membrane ion- (1986)
10-6 mol/¢ selective electrode
calcium chloride to
stabilise the
baseline ¢
Tap and rain ~ 12-20  1x10-3- - - 2 mol/f nitric acid  Preconcentration  Inductively coupled  Hartenstein ez 4/.
runoff water 0,10 as eluant with ion-exchange plasma atomic (1985)
column in sample emission
loop of spectrometry
electronically
operated
proportional
injector
Water 100 4-32 - - Exchange reaction  Single line carrier  Spectrophotometry Qingxun
berween calcium ~ stream (1984)
and the zinc
complex of EGTA .
Natural, 30-35 2-400 1,5 1800 FIA titration of Sequential addition Spectrophotometry Canete ez @/,
drinking, calcium with of reagents to a (1987)
urban and EDTA and reagent carrier

stream. Simulta-
neous determi-
nation of calcium
and magnesium
using different
indicators

adjustment buffer was used as carrier stream and the method also
allowed the simultaneous determination of pH and calcium. The
merging-zones approach was employed by Jacintho ez 4/. (1981)
using glyoxal bis (2-hydroxyanil) as sensitive and selective spec-
trophotometric reagent for the determination of calcium in
natural waters. With the merging zones concept the intermediate
complex which was formed, was added to the sample zone in a
reproducible manner obviating any instability which placed
restrictions on the method. A sampling rate of 180/h was achiev-
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ed covering the range of 0 to 500 mg/{ with a precision of less
than 1% which indicated that the procedure gave excellent
results. A method was also proposed (Uchida ez #/., 1985) for the

" determination of calcium in natural and tap waters with spec-

trophotometric detection using hydroxynaphthol blue as complex
forming indicator. The sampling rate was rather slow, 40/h, with
a narrow linear range (1,2 to 3,9 mg/f) and a precision of 1,12%.
The indirect spectrophotometric determination of calcium in the
presence of interferences like magnesium, phosphate and



sulphate was described by Nakagawa ez #/. (1983). The method is
based on the exchange reaction between the calcium and the zinc
complex of ethylene glycol bis (2-aminoethylether) tetraacetic
acid (EGTA) in the presence of 4- (2-pyridylazo) resorcinol (PAR)

Ca + Zn(EGTA) + 2PAR == Zn(PAR), + Ca(EGTA).

The results obtained are summarised in Table 2. The features of a
similar procedure (Qingxun, 1984) are also outlined in Table 2.
FIA ticration with EDTA was applied by Koupparis ez /. (1985)
for the determination of calcium in tap and well water using
calmagite as indicator (Table 2). The same concept was adapted
by Canete ez /. (1987) for the simultaneous determination of
calcium and magnesium (water hardness) in natural, drinking,
urban and bottled water using EDTA and murexide for calcium
and EDTA and eriochrome black T for the sum of calcium and

magnesium (Table 2). Tubular PYC membrane electrodes (Frend
et al., 1983; Alonso et /., 1986) have also been proposed as sen-
sots for the FIA determination of calcium in water. The perfor-
mances of these FIA-ion-selective systems are outlined in Table 2.

Magnesium

In most of the publications reported to date, magnesium was
determined simultaneously (Basson and Van Staden, 1980;
Canete et /., 1987), sequentially (Alonso er 4/, 1986) or by
using the same detector (Hartenstein ez 4/., 1985) sequentially in
a single channel system for single determinations. More details
are given in Table 3. Magnesium was also determined
spectrophotometrically by a magnesium ligand complex formed
(Wada ez @/., 1983b), or by a method based on the inhibitory ef-

TABLE 3
MAGNESIUM
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/{ (uh)
Surface, 128 0-100 1,8 200 Lanthanum nitrate  Sequential addition Atomic absorption Basson and
ground and solution in a of reagent to a spectrophotometry Van Staden
domestic cesium and lithium water cartier stream (1980)
watet medium followed by sample
splitting. Simulta-
neous analysis of 4
elements with a
single sample
Tap and pond 80 0,2-2.4 0,66 40  Magnesium ligand  Sequential addition Spectrophotometry Wada ez 4.
waters complex of reagent to a (1983b)
(magnesium-CPR  reagenc carrier
chelate) stream
Well, river 60-90 0-10 - 100  Sodium chloride as Single line carrier  Atomic absotption Alonso ¢t 4.
and waste ionic strength stream spectrophotometry (1986)
water adjustor containing
10-6 mol/f
calcium chloride to
stabilise the base
line. Added for
ion-selective
electrode
Tap and rain ~ 12-20 1x10-3 - - - 2 mol/¢ nitric acid ~ Preconcentration  Inductively coupled ~ Hartenstein ez 4/.
water 0,10 as eluant with ion-exchange plasma atomic (1985)
column in sample emission
loop of electro- specttometry
nically operated
proportional
injector
Natural, 30-35 2x10-3- L5 1800  FIA titration of Sequential addition Spectrophotometry Canete ez 4/.
drinking, 0,28 calcium with of reagents to a (1987)
urban and EDTA and murex- reagent carrier
bottled water ide and calcium stream. Simulta-
and magnesium neous determina-
with EDTA and tion of calctum and
eriochrome black T magnesium using
different indicators
Drinking 60 0,5-8 2 125 Method based on  Sequential addition Spectrophotometry Forteza et al.
waters the inhibitory of reagents to a ) (1987)

effect of Mg (II) on
the succinimidedio-
xime (SIDO)
oxidation catalysed
by Mn (II)

reagent carrier
stream. Reaction
proceeds at 35°C
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fect of Mg (II) on the succinimidedioxime (SIDO) oxidation
catalysed by Mn (II) (Forteza er 4/, 1987). A very stable
magnesium chelate around pH 10 is formed in the reaction bet-
ween magnesium and 1-(2-hydroxy-3-sulfo-5-chloto-1-
phenylazo)-2-naphthol-3,6-disulfonic acid (CPR) which is
detected at 510 nm. An excellent precision of 0,66% was achiev-
ed for the determination of magnesium in tap and pond waters at
a sampling rate of 80/h in the range 0,2 to 2,4 mg/{. In the pro-
cedure proposed by Forteza e 2/. (1987) a sample frequency of
60/h was obtained, the range extended 10 0,5 to 8 mg/{, but the
precision dropped to 2%.

Potassium and sodium

Sodium (Table 5) and potassium (Table 4) have been determined
simultaneously in a simple, rapid procedure using flame
photomeuy as detector (Basson and Van Staden, 1980). Four
elements were determined simultaneously (the other two being
calcium and magnesium) from a single sample at a rate of approx-
imately 500 analyses/h. For more details see Tables 4 and 5. A
solvent extraction-flow-injection procedure with spectrophoto-
mettic detection was also described for the determination of
potassium in river water. The sampling rate of 50/h is rather
slow, but the method is very sensitive. Unfortunately no precision
was given.

Iron

The majority of methods described up to now for the determina-
tion of iron, made use of spectrophotometric detection based on
the formation of coloured products of iron with ferrozine (Dutt ez
4., 1976), 1,10-phenanthroline (Mortatti ez /., 1982b),
bazhophenanthroline (Rios ez 4/, 1985), 2-(3,5-dibromo-2-
pyridylazo) -5-[N-ethyl-N- (3-sulfopropyl) amino] phenol (Wada
et 4l., 1983%a) and 2-nitroso-3- (N-propyl-N-sulphopropylamino)
phenol (Ohno and Sakai, 1987). Broekaert and Leis (1979) used a
low-power argon plasma with Meinhard nebuliser for the FIA-
inductively-coupled plasma atomic emission spectrophotometric
determination of iron at a sample frequency of 60/h in the range
0,05 to 20 mg/f in waste-water samples. Although 500 uf
samples were used, the precision of 4 to 7% was rather poor.
Dutt ez /. (1976, 1977) used a closed flow-through system for the
determination of iron with ferrozine (Dutt e #/., 1976) ot thio-
cyanate (Dutt ez /., 1977). Repetitive determinations were ob-
tained based on sample injection into a chamber in a closed loop
system of circulating reagent. Reagent consumption was restricted
to a minimum which resulted in reducing operating cost and time
as the authors claimed a sample throughput of up to 350/h. An
excellent procedure for the determination of ifon in natural
waters was proposed by Mortatti ez @/. (1982b), measuring the ab-
sorbance of the iron (II)-1,10-phenanthroline complex at

TABLE 4
POTASSIUM
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/{ ()
Surface, 128 0-40 1,7 200 Lanthanum nitrate  Sequential addition Flame photometry Basson and
ground and solution in a of reagent to a Van Staden
domestic cesium and lithium water carrier stream (1980)
water medium followed by sample
splitting. Simulta-
neous analysis of 4
elements with a
single sample
River water ~50 0-3.9 - 100 Dibenzo-18- Sequential addition Spectrophotometty  Iwachido ez 4.
crown-6 of reagents to a (1986)
reagent catrier
stream followed by
solvent extraction
TABLE 5
SODIUM
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg /¢ D
Surface, 128 0-150 2,1 200 Lanthanum nitrate  Sequential addition Flame photometry Basson and
ground and solution in a of reagent to a Van Staden
domestic cesium and lithium  water carrier stream (1980)
water medium followed by sample
splitting. Stmulea-
neous analysis of 4
elements with a
single sample
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TABLE 6

IRON
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/f ud
Lake and tap - 0-45 1,5 1000 Ferrozine Closed loop Spectrophotometry Dutt et 4/.
water system. (1976)
Kinetic analysis
Waste waters 60 0,05-20 47 500 - Single line carrier  Inductively-coupled  Broekaert and Leis
stream plasma atomic (1979)
emission spectro-
photometry
Natural 180 0,1-30 1 100 1,10-phenan- Sequential addition Spectrophotometty Mortatti e @/,
waters throline method of reagents to a (1982b)
reagent carrier
stream with
injector-
commutator
Potable waters 30 0,02-0,44 - 200  2- (3,5-dibromo-2- Sequential addition Spectrophotometry Wada ez al.
pyridylazo) -5-[N-  of reagents to a (1983a)
ethyl-N-(3- feagent catrier
sulfopropy!) stream
amino] phenol
reagent
Waste waters 34 0,1-3,0 0,15 - Bathophenan- Reagent injection  Spectrophotometry Rios ez al.
throline into a sample (1985)
carrier stream
(reversed flow-
injection analysis)
Boiler and 25 0-0,10 1 120 2-Nitroso-5- Sequential addition Spectrophotometry ~ Ohno and Sakai
well water [N- propyl-N- of reagents to a (1987)
sulphopropyl- reagent carrier
amino) phenol stream
Industrial 350 22-56 - 2500 Thiocyanate Closed loop system  Spectrophotometry Dutt ez a/.
waters (1977)

512 nm. Ascorbic acid was used to reduce any iron (III) to iron
(I). The proposed procedure covered the range 0,1 to 30 mg/fat
a sampling rate of 180/h with a precision of better than 1%. Rios
et al. (1985) improved the previous procedure by proposing a
more sensitive method (0,1 to 3,0 mg/f) with excellent precision
(0,15%) using bathophenanthroline as reagent and a reversed
flow-injection system for the simultaneous determination of iron
with copper and aluminium. More details on the other spectro-
photometric procedures are given in Table 6.

Copper

Various flow-injection procedures have been developed for the
determination of copper in water. These include spectroscopic
methods with inductively-coupled plasma atomic emission spec-
trometry (Brockaert and Leis, 1979; Hartenstein e# /., 1985) and
atomic absorption spectrophotometry (Olsen ez @/., 1983; Fang ez
&/., 19842, 1984b; Marshall and Mottola, 1985) as well as elec-
trochemical methods with polarography (Frenzel and Britter,
1986) and ion-selective electrodes (Van der Linden and Ooster-
vink, 1978; Van Staden and Wagener, 1987; Zolotov ez 4/,
1987). At this stage the results obtained with inductively-coupled
plasma atomic emission spectrometty do not seem to be very pro-

mising as the precision is rathet poot (4 to 7%) when the sampl-
ing rate is about 60/h (Broekaert and Leis, 1979) or the sampling
rate of 12 to 20/h with FIA cannot even match the conventional
sampling procedures (Hartenstein ez /., 1985). Better results
were obtained with FIA-atomic absorption spectrophotometry.
Olsen et a/. (1983) implemented a simple flow-injection system,
the FIA star unit, where a sample frequency of 250/h was at-
tainable for sea-water samples ranging from 0,1 to 10 mg/¢with a
very good precision. With on-line preconcentration using a
microcolumn of Chelex-100 the sampling rate dropped to be-
tween 30 and 60/h, which is still fairly good. The other atomic
spectrophotomettic procedures used either Chelex-100 or silica-
imnmobilised 8-quinolinol as preconcentrator and the features of
these methods are given in Table 7.

Maleate buffer at pH 6,25 (Van der Linden and Oostervink,
1978) or acetate buffer at pH 4,7 to 4,8 (Van Staden and
Wagener, 1987; Zolotov ez 4/., 1987) with potassium nitrate as
ionic strength adjuster were used as carrier and reagent streams.
Van Staden and Wagener (1987) also used formaldehyde to
retard oxidation of the membrane and sodium fluoride as addi-
tional reagents and a tubular mode electrode. The procedures
described ranges from very sensitive (less than 1,0 mg/¢), in
which copper was determined either directly with sequential ad-
dition of reagents to a reagent carrier stream (sample volume
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TABLE 7

COPPER
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/f (%7}
Waste waters 60 0,05-20 4-7 500 - Single line carrier  Inductively-coupled Broekaert and Leis
stream plasma atomic (1979)
emission spectro-
photomertry
Tap water - 0,064- - 1300 Maleate bufferat  Sequential addition lon-selective Van der Linden and
0,64 pH 6,25 with of reagents to electrode (cascade as Oostervink
potassium nitrate  reagent carrier well as tubular (1978)
as ionic strength stream mode)
adjustment buffer
Sea water 180-250  0,1-10 - 150  Sulphuric acid Single line cartier ~ Atomic absorption Olsen e al.
stream spectrophotometry (1983)
Sea water 60  5x1073 - 372 - Chelex-100 used as  Single line carrier  Atomic absorption Fang ez 4.
2x10-2 Ppreconcentratot. stream with dual-  spectrophotometry (1984a)
Nitric acid used as  column ion-
eluant exchange precon-
centration valve on
injector-commu-
tator
Tap, sea and 40 0,025-0,10 4,1 5000 Chelex-100 used as Single line carrier  Atomic absorption Fang ez 4.
polluted preconcentrator. stream with dual-  spectrophotometry (1984b)
watet Nitric acid used as  column ion-
eluant exchange precon-
centration valve on
injector-commu-
tator
Waste waters 44 0,3-4,0 0,51 - Complex formation
reaction between Reagent injection Spectrophotometty Rios ez @/.
Cu (II) and into a sample (1985)
cuprizone cartier stream
(reversed flow-
injection analysis)
Water (EPA 15 0,005- - 10 000  Silica-immobilised ~ Sequential addition Atomic absorption Marshall and Mottola
and tap) 0,500 8-quinolinol as of reagent to spectrophotometry (1985)
preconcentrator. reagent carrier
Hydrochloric-nitric ~ stream. Ion-
acid used as eluant  exchange column
in manifold
Tap water 200 1x10-3 - 500 Mercury (II) as Single and two- Polarography Frenzel and Britter
mg/{ level carrier stream channel system (1986)
Tap and rain ~ 12-20 1x10°3 - - - 2 mol/{ nitric add  Preconcentration Inductively coupled
water : 0,10 as eluant with ion-exchange plasma atomic Hartenstein ef 4/.
column in sample emission (1985)
loop of electronic- spectrometry
ally operated
proportional
injector
Effluent and 80 0,5-912 1,8 30 Acetate buffer (pH Sequential addition Ion-selective Van Staden and
tap watet 4,8) in sodium of reagents to a electrode (tubular Wagener
fluoride, formal- reagent carrier mode) (1987)
dehyde with stream
potassium nitrate
as ionic strength
adjustment buffer
Sea water and - 0,005-1,0 6,3 300 Acetate buffer at Single line carrier Ion-selective Zolotov ez a/.

waste waters

pH 4,7

stream with
preconcentration
on a minicolumn
of Chelex-100 resin

electrode

(1987)
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1 300 uf) or via preconcentration on a minicolumn of Chelex-100
resin (50 to 500 m{ sample concentrated, 300 uf injected), to a
range berween 0,5 to 912 mg/{ (sample volume 30 uf, precision
1,8%). Electrodes in the cascade mode (Van der Linden and
QOostervink, 1978; Zolotov ez a/., 1987) as well as the tubular
mode (Van Staden and Wagener, 1987; Van der Linden and
Oostervink, 1978) were used as sensors. A polarographic-FIA pro-
cedure for the determination of copper in tap water in the very
low ug/{ level was proposed by Frenzel and Britter (1986). Ali-
quots of 500 uf wete injected into a de-aerated carrier containing
mercury (II) in hydrochloric acid solution. The instrtumentation
used permitted a sample throughput of 200/h, but unfortunately
no precision was given.

A very successful spectrophotometric procedure for the
determination of copper in waste waters was described by Rios ez
al. (1985). The complex formation reaction between Cu (II) and
cuprizone was used as indicator reaction in a reversed flow-
injection system where copper was simultaneously determined
with iron and aluminium. The precision of 0,51% was excellent.

Aluminium

Spectrophotometric methods with a variety of indicators ap-
peared to be used almost universally for the determination of

aluminium in water and were by far supetior in analytical perfor-
mance when compared with spectroscopic methods such as
atomic absorption and inductively coupled plasma atomic emis-
sion spectrometry. Although a very low concentration level (10 to
300 ug/f) with an ion-exchange (microcolumn loaded with
Amberlite IRA-400) preconcentration procedure was reached, the
precision of 6% with inductively coupled plasma atomic emission
spectrometry as detector was rather poot. The precision of 2,7%
obtained with atomic absorption spectrometty for the range 0,1
to 5 mg/? is not very much better.

Royset (1985, 1986, 1987) compared various chromogenic
reagents for the flow-injection determination of aluminium in
water in a series of publications. The best performance was ob-
tained for the reaction between aluminium and eriochrome
cyanine R in cetyltrimethylammonium bromide at a pH of 7,5.
The detection limit was 1 ug/f Al and calibration graphs were
linear up to 0,8 or 4 mg/f (injection loops 200 or 10 uf respec-
tively). Good reproducibility (precision of 0,7% ) and a high sam-
ple throughpur (120/h) were reported on samples from surface
and leachate water. Interference from phosphate and fluoride was
to a large extent obviated at pH 7,5 and dissolved organic carbon
up to 20 mg/f C could be tolerated. Of 40 elements tested, only
iron, beryllium, lanthanum and cetium caused strong in-
terference and the effect of iron was masked (<2 mg/f). The
spectrophotometric procedure by Wyganowski ez /. (1982) for

TABLE 8
ALUMINIUM

Sample Sampling  Concen- Precision Chemistry Manifold (valve, Detector Reference

matrix rate pet tration % prevalve)

hour range technique
mg/{

River water 20 0-0,3 - Bromopyrogallol red in Sequential addition of Spectrophotometry Wyganowski ez a/.
presence of reagent to a reagent (1982)
n-tecradecyltrimethyl-  carrier stream
ammonium bromide

Water 90 0,01-0,1 0,3 Chromazurol S Sequential addition of Spectrophotometry Zoltzer and

reagents to a water Schwedt

catrief stream (1984)
Waste 42 0,06-0,80 0,62 Eriochrome cyanine R Reagent injection into  Spectrophotometry Rios ez a/.
waters sample carrier stream (1985)

(reversed flow-injection

analysis)

Water - >5x1073(PCV) 1-2(PCV}) (a) Pyrocatechol violet  Sequential addition of Spectrophotometry Royset
>0,100(A) 5-10(A) (PCV) reagents to a reagent (1985)
>5x10~3(ECR) 1-2(ECR) (b} aluminon (A} carrier stream
>5x10"3(ECR/CTA) 1-2(ECR/CTA) (c) etiochrome cyanine

R(ECR)

(d) eriochrome cyanine
R with cetyltrime-
thylammonium
bromide (ECR/CTA)

Natural 100 3-10 2 Pyrocatechol violet Sequential addition of Spectrophotometry Royset

waters, reagents to a reagent (1986)

sutface and cartier stream

leachate

water

Surface and 120 0,8-4 0.7 Eriochrome cyanine R Sequential addition of Spectrophotometry Royset

leachate and cetyltrimethyl- feagents to a reagent (1987)

water ammonium bromide  catrier stream :

Tap waters - 0,01-0,3 (ICP) 6(ICP) Minicolumn of Single line carrier Inductively coupled Garcia ez @f.

0,1-5 (AAS) 2,7(AAS) Amberlite IRA-400 stream with plasma atomic emission (1987)
serving as preconcen-  minicolumn for spectrometry (ICP) and

trator preconcentration atomic absorption

spectrometry (AAS)
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the determination of aluminium in river water with bromopyro-
gallol red and n-tetradecyltrimethylammonium bromide ap-
peared to be very sensitive, but the sample throughput was rather
low and unfortunately no precision was given. The two best spec-
trophotometric procedures were, however, reported by Zoltzer
and Schwedt (1984) and Rios ez #/. (1985). In the determination
of aluminium by means of chromazurol S a sampling rate of 90/h
in the range 0,01 to 0,10 mg/{ was achieved with an excellent
precision of 0,3% (Zoltzer and Schwedt, 1984). Simultaneous
determination of aluminium with copper and iron in waste
waters by reversed flow-injection analysis was presented by Rios e#
al. (1985) using eriochrome cyanine R as the chromogenic
reagent. Excellent performance, with a precision 0f 0,62% for the
range 0,06 to 0,8 mg/f at 42 samples/h, was obtained.
For more details see Table 8.

Lead

The majority of flow-injection methods adapted for the deter-
mination of lead in water used spectroscopic detection. The
results obtained with inductively coupled plasma atomic emission

spectrometry again do not seem to be very promising as the sam-
ple throughput of 12 to 20/h with FIA cannot even match the
cenventional sampling procedures (Hartenstein ez 4/, 1985).
Olsen ez al. (1983) reported better results with FIA-atomic ab-
sorption specttophotomeuy attaining a sample throughput of
250 samples/h for sea-water samples in the range 0 to 20 mg/¢
with good precision. The rate dropped to between 30 and 60
samples/h when an on-line preconcentration column of
Chelex-100 was incorporated as past of the FIA system, which in
comparison with other methods is still fairly good. Details of
other preconcentration FIA-AAS systems ate outlined in Table 9.
Zolotov ez &/. (1987) reported a FIA method for the determina-
tion of lead in the range 0,7 to 100 ug/{f, which was based on
spectrophotometric detection of the lead IV/(2-pyridylazo) resor-
cinol (PAR) complex at 525 nm after on-line preconcentration of
the sample (5 to 50 mf) on a minicolumn filled with Chelex-100
or Dowex 1-X8 resin. Although a sampling rate of 30/h was
achieved, the precision of 12,0% was not as good as expected.
Frenzel and Britter (1986) proposed a flow-injection poten-
tiometric stripping analysis procedure for the fast sequential
measurement of zinc, lead and copper in tap water at very low
ug/{ level. Samples of 500 uf were injected into a de-aerated car-

TABLE 9
LEAD
Sample Sampling Concen- Predsion Sample Chemistry Manifold (valve, Detector Reference
mattix rate per  tration % volume prevalve) technique
hour range injected .
mg/{ (b
Natural 50  0,02-0,50 2 - Dithiozone Extraction Spectrophotometry Mortatti ez @/
waters (1982a)
Sea water 180-250  0-20 - 150  Sulphuric acid Single line carrier  Atomic absorption Olsen ez al.
stream spectrophotometry (1983)
Sea water 60  0,025-0,10 3,2 - Chelex-100 used as  Single line catrier  Atomic absorption Fang et al.
preconcentrator. stream with dual-  spectrophotometry (1984a)
Nitric acid used as  column ion-
eluant exchange precon-
centration valve on
injectos
Tap, sea and 40 0,1-0,5 4,1 5000 Chelex-100 used as Single line carrier  Atomic absorption Fang et .
polluted preconcentrator. stream with dual-  spectrophotometry (1984b)
water Nitric acid used as  column ion-
eluant. exchange precon-
centration valve on
injectos-
commutator
Tap water 200 1x10-3 - 500 Mercury (II) as Single and two- Polarography Frenzel and Britter
level carrier stream channel system (1986)
Tap and rain  12-20 1x10-3 - - - 2 mol/f nitric acid ~ Preconcentration Inductively coupled Hartenstein ez 4/.
water 0,10 as eluant with ion-exchange plasma atomic (1985)
column in sample emission
loop of electroni- spectrometry
cally operated pro-
portional injector
Sea water and 30 7x1073 - 12,0 5 000 Reaction of lead Single line carrier  Spectrophotometty Zolotov et 4.
waste waters 0,10 (IV) with (2-pyri-  stream with pre- (1987)
dylazo) resorcinol  concentration on a
(PAR) minicolumn of
Chelex-100 resin
Potable water - 0,0-0,10 12,0 250  Activated alumina  Single line carrier ~ Atomic absorption Zhang et @,
used as preconcen-  stream with pre- spectrometry (1988)

trator. Nirtric acid
used as eluant

concentration on a
minicolumn
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rier containing mercury (II) in hydrochloric acid solution. A sam-
ple throughput of 200/h was possible, but unfortunately no
precision was given.

A flow-injection system for the determination of low concen-
trations of lead in natural waters was also reported by Mortatti es
4/. (1982a). The method was based on the injection of a suitable
volume of sample into an inert carrier stream with further addi-
tion of a buffer-masking solution and dithiozone in catbon
tetrachloride. After phase separation in a special chamber, the
coloured complex was directed towards spectrophotometric detec-
tion at 520 nm. The system was characterised by a sampling rate
of 50/h in the range 20 to 500 pg/f with good precision (<2%).

Chromium

The photometric determination of chromium (VI) in water as the
1,5-diphenylcarbazide complex appears to be used universally as
the complex forms rapidly, has a high absorptivity at 540 nm,
while the method is highly selective at pH 1 to 2. Jorgensen and
Regitano (1980) proposed a FIA method for the determination of
chromium (VI) in natural watets in the range 0,1 to 20,0 mg/f at
a sample throughput of 70/h with a precision of 1,26% . Ruz ez

al. (1985) extended the procedure using several different con-
figurations for simultaneous and sequential photometric specia-
tion of Cr (VI) and Cr (Ill), based on reversed flow-injection
analysis and completely continuous modes. For more details see

Table 10.

Zinc

The various proposed flow-injection systems for the determina-
tion of zinc in water include spectroscopic methods using
inductively-coupled plasma atomic emission and atomic absorp-
tion spectrometry as well as potentiometric stripping analysis as
detecting systems. The procedures and outstanding features of
these methods have been discussed in detail in the section on
copper and are similar for zinc. Other details are summatised in
Table 11.

A small column packed with immobilised bovine carbonic
anhydrase was also used for the determination of traces of zinc in
spring water, based on the measurement of recovered esterase ac-
tivity of the metal-free apoenzyme after taking up zinc from the
sample solution. The activity increase, after passing sample solu-
tion, was measured by injecting substrate solution into the buffer

TABLE 10
CHROMIUM
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour tange injected
mg/{ (uh)
Natural 70 0,1-20 1,26 20 Chromium (VI)- Single line carrier  Spectrophotometry  Jorgensen and
waters 1,5-diphenylcar- stream Regitano
bazide complex (1980)
Natural and 30 0,1-5,0 1 - 1,5-diphenyl- Reversed flow- Spectrophotometry Ruz et 4.
waste waters cartbazide injection analysis. (1985)
Simultaneous
determination
Natural and 100 0,2-3,5 3 - 1,5-diphenyl- Reversed flow- Spectrophotometry Ruz ¢ 4.
waste waters carbazide injection analysis. (1985)
Sequential
determination
TABLE 11
ZINC
Sample Sampling Concen- Precsion Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  teation % volume prevalve) technique
hour range injected
mg/{ (1)
Waste waters 60 0,05-20 4-7 500 - Single line cartier  Inductively coupled Broekaert and Leis
stream plasma atomic (1979)
emission
spectrometry
Sea water 180-250  0-2,0 - 150  Sulphuric acid Single line carrier  Aromic absorption Olsen ¢z @l
stream spectrophotometry (1983)
Sea water 60 0,025-0,10 3,2 - Chelex-100 used as  Single line carrier Atomic absorption Fang ef a/.
preconcentrator. stteam with dual-  spectrophotometry (1984a)
Nitric acid used as  column ion-
eluant exchange
preconcentration
valve on Injector-
commutator
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TABLE 11 (condnued)

Tap, sea and 40 0,1-0,5 4,7 5000 Chelex-100 used as  Single line carrier  Atomic absotption Fang ez al.
polluted preconcentraror. stream with dual-  spectrophotometry (1984b)
water Nitric acid used as  column ion-
eluant exchange
preconcentration
valve on injectot-
commutator
Tap water 200 1x1073 - 500 Mercury (II) as Single and two- Polarography Frenzel and Britter
level carrier stream channel system (1986)
Spring water - 1x1075 - 4,9 - Bovine carbonic Single line carrier  Spectrophotometry  Kashiwabara er 4/,
4x10-4 anhydrase stream with (1985)
immobilised on enzyme column
cyanogen bromide-
activated Sepharose
4B dipicolinic acid
used to remove
zinc from enzyme
column
Tap and rain ~ 12-20 1x1073 - - - 2 mol/€ nitric acid  Preconcentration Inductively coupled  Hartenstein ez 4/,
water 0,10 as cluant with ion-exchange plasma atomic (1985)
column in sample emission
loop of electron- spectrometry
ically operated
proportional
injector
Waters 80 1-10 1 300  Zincon method Sequential addition Spectrophotometty  Koupparis and
of reagents to a Anagnostopoulou
reagent carrier (1986)
stream
TABLE 12
CADMIUM
Sample Sampling Concen- Predsion Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/{ (ud)
Waste waters 60 0,05-20 4-7 500 - Single line carrier  Inductively coupled Broekaert and Leis
stream plasma atomic (1979)
emission
spectrometry
Sea water 180-250 0,01-0,100 - 150  Sulphuric acid Single line cartier  Atomic absorption Olsen ez .
stream spectrophotometry (1983)
Sea water 60  5x10°3 ~ 3,2 - Chelex-100 used as Single line catrier  Atomic absorption Fang ez a/.
2x10-? preconcentrator. stream with dual-  spectrophotometry (1984a)
Nitric acid used as  column ion-
cluant exchange precon-
centration valve on
injector-
commutator
Tap, sea and 40 0,025-0,10 4,7 5000 Chelex-100 used as  Single line carrier Atomic absotption Fang et @/,
polluted preconcentrator. stream with dual-  spectrophotometry (1984b)
water Nitric acid used a5 column ion-
eluant exchange precon-
centration valve on
injector-
commutatot
Tap water 200 1x10-3 - 500  Mercury (II) as Single and two- Polarography Frenzel and Britter
level cattier stream channel system (1986)
Tap and rain  12-20 1x1073 - - - 2 mol/{ nitric acid ~ Preconcentration Inductively coupled Hartenstein ez #/.
water 0,10 as eluant with ion-exchange plasma atomic (1985)
column in sample emission
loop of electro- spectrophotometry
nically operated
proportional
injector
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stream, which was catried to the column, followed by spec-
trophotometric detection of the product, p-nitrophenol, at
400 nm. The method is extremely sensitive, 1 x 1073 to 4 x 104
mg/£ zinc, with a precision of 4,9% (Kashiwabara ez 4/., 1985).
An auromated flow-injection method for the determination of
zinc in water, based on the zincon method with differential
demasking of the cyanide metal complexes with cyclohexanone
was also described by Kouppatis and Anagnostopoulou (1986).
Excellent results were obrained for zinc concenttations in the
range 1 to 10 mg/f at a sample throughput of 80/h. The preci-
sion was better than 1% and a detection limit of 0,05 mg/¢ is
possible.

Cadmium

The FIA procedures and outstanding features obtained for the
determination of cadmium in water were similar to those obtain-
ed for copper and are discussed in detail in the copper section.
Other derails are given in Table 12.

Nickel

Similar results as those given for copper were obtained for the
determination of nickel in water by Fang ez a/. (1984b), Broekaert
and Leis (1979) and Hartenstein ez 4/, (1985)(Table 13). The best
flow-injection technique for the determination of trace amounts
of nickel was however, given by Fang ez #/. (1984c). An on-line
. jon-exchange preconcentration system (60 to 80 mesh chelating
resin with a salicylic acid functional group) prior to AAS deter-

mination was used. A sample throughput of 40/h in the range 10
to 500 ug/{ was obtained with a precision of 1,5%.

Cobalt

By using chelating resins as preconcentrators Fang and Zhang
(1987) achieved an enrichment factor of 48 for the on-line
preconcentration of cobalt in water samples. A sample frequency
of 60/h was obtained with a precision of 1,7% at the 40 ug/¢
level. A very sensitive catalytic method had also been developed
for the spectrophotometric determination of cobalt in sea water
(Kawashima ez /., 1985). A sampling rate of 30/h was achieved
in the range 0,04 to 0,20 ug/fwith a precision of 4,0% . For more
details see Table 14.

Manganese

The formaldoxime method had been applied successfully by
Gine et @l. (1979) to the spectrophotometric determination of
manganese in natural waters, because of its high sensitivity and
the rapid formation of a stable colouted complex. The method
was suitable for the determination of manganese in the range 0,2
to 2,0 mg/f at a sampling rate of about 135/h with a precision of
better than 1%. Inductively coupled plasma atomic emission
specttometry was also used as detection system (Broekaert and
Leis, 1979; Hartenstein ez @/., 1985) for the flow-injection
analysis of manganese and similar results as previously described
for copper were obtained.

A flow-injection analytical method based on the catalytic ac-

column in sample
loop of electro-
nically operated
proportional
injector

emission
spectrometry

TABLE 13
NICKEL
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/f (uh)
Tap, sea and 40 0,1-0,4 4,7 5000 Chelex-100 used as  Single line carriet  Atomic absorption Fang et 4l
polluted preconcentrator. stream with dual-  spectrophotometry (1984b)
water Nitric acid used as  column ion-
eluant exchange

preconcentration

valve on injector-

commutator
Tap and 40 0,01-0,5 L5 5000 Chelating resin Single line catrier  Atomic absorption Fang ez af.
surface water used as preconcen-  stream with minia-  spectrophotometry (1984¢)

trator tute ion-exchange

column and

preconcentration

valve on injector-

commutator
Waste waters 60 0,05-20 4-7 500 - Single line carrier  Inductively coupled Broekaert and Leis

stream plasma atomic (1979)

emission
spectrometry

Tap and rain  12-20 1x1073 - - - 2 mol/{ nitric acid  Preconcentration Inductively coupled Hartenstein e 4/.
water 0,10 as eluant with ion-exchange plasma atomic (1985)

ISSN 0378-4738 = Water SA Vol. 15. No. 3. July 1989

165



TABLE 14

COBALT
Sample Sampling Concen- Precision Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/f (ub)
Tap and rain ~ 12-20 1x1073 — - - 2 mol/{ nitric acid  Preconcentration Inductively coupled
water 0,10 as eluant with ion-exchange plasma atomic Hartenstein e¢ 4/.
column in sample emission (1985)
loop of spectrometty
electronically
operated
proportional
injectot
Sea water 30 4x1075 - 4,0 187 Phenyl-p-phe- Sequential addition Spectrophotometry  Kawashima ef 4/.
2x10-4 nylenediamine of reagents to a (1985)
reagent carrier
stream
Water 60 0-0,100 1,7 - Chelating resins Single line cartier  Atomic absorption Fang ez 4.
used as preconcen-  stream with spectrophotometry (1987)
trator miniature ion-
exchange column
and preconcentra-
tion valve on
injector-
commutator
TABIE 15
MANGANESE
Sample Sampling Concen- Precsion Sample Chemistry Manifold (valve, Detector Reference
matrix rate per  tration % volume prevalve) technique
hour range injected
mg/{ {u)
Water 135 0,2-2 1 350  Formaldoxime Sequential addition Spectrophotometry Gine ez 4/,
method of reagents to 2 (1979)
water cafrier stream
Waste waters 60 0,05-20 4.7 500 - Single line carrier  Inductively coupled Broekaert and Leis
stream plasma atomic (1979)
emission
spectrometty
Tap and rain  12-20 1x1073 - - - 2 mol/{ nitric acid  Preconcentration
water 0,10 as eluant with {on-exchange  Inductively coupled Hartenstein ez 4/,

column in sample plasma atomic (1985)
loop of electro- emission
nically operated spectrometry
proportional
injector
tion of molybdenum on the oxidation of iodide by hydrogen References

peroxide in acidic medium was proposed by Fang and Xu (1983).
The triiodide formed was measured spectrophotometsically at
350 nm. With 200 uf sample injections a sample throughput of
90/h was obtained over a linear range of 1 to 1 000 ug/f (detec-
tion limit 0,7 ug/¢) with a precision of 1,9%. See Table 15 for
mote information.

Conclusion

The potential and great capability of different FIA systems in
water laboratoties is demonstrated. It appears that flow-injection
analysis has taken a prominent place in routine water laboratories
where a widespread application of FIA methodologies is possible.
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