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Abstract

An SIA system is proposed for the determination of oxidised nitrogen (nitrate + nitrite as N) in natural waters. A cadrciom red
made of cadmium granules closely packed in a glass column reduces the nitrate to nitrite. The reduced nitrate apdekenmtitrite

in the water samples is diazotised in the SIA system with sulphanilamide and coupled with N — (1-napthyl) ethylene
diammoniumdichloride to form a highly coloured azo dye which is detected at 540 nm with a UV/Vis spectrophotometer. The
proposed system is fully computerised and is able to monitor total oxidised nitrogen as nitrite at a frequency of 36 shaples pe
with a standard deviation of < 1.2%. The calibration curve is linear up to¢svitiga detection limit of 0.01 mg/

Introduction * Potentiometric methods using ion-selective electrodes (Keeney
et al., 1970)
The oxidised nitrogen content (nitrate + nitrite) of lakes, riversand Reduction of nitrate to nitrite (Lambert and Dubois, 1971;
streams usually arises from groundwater, sewage effluents or Davison and Woof, 1978; Gine et al., 1980).
drainage and leaching from agricultural land (Foster et al., 1986).
The determination of total oxidised nitrogen is a subject of intereShe determination of nitrate is difficult because of the relatively
in the routine laboratory analysis of potentially polluted waters.complex procedures required, the probability that interfering
Knowledge of nitrate concentrations in waters is important fazonstituents will be high and the limited concentration ranges of the
many reasons; for example, their importance in eutrophicatiaarious techniques. Consequently, the actual determination of total
(Lund, 1972; Gauntlet, 1980) and their responsibility iroxidised nitrogen as nitrate is not recommended for waters, but
methaemoglobinaemia of sucklings (Goodman, 1980; Schustather as nitrite where the nitrate is reduced to nitrite.
and Lee, 1987). Nitrate reduces itself to nitrite in the human body. Many colorimetric methods have been proposed for the
Nitrites have also been shown to be an important precursor of tietermination of micro-amounts of nitrite. The most pronounced
nitrosoamines which are potential carcinogens (Lijinsky and Epsteimethod seems to be a modified version (Watson,1980; Chaube et
1970; Wolff and Wasserman, 1972). On a better note nitrates aadlj 1982; Sunita and Gupta, 1984; Bashir and Flamez, 1981;
or nitrites are used in the food industry in the curing of meat (WeBiaspgupta, 1984; Norwitz and Kelliher, 1985; Tarafder and Rathore,
and Ramachandron, 1966; EUR Report, 1990). When nitrate1i988; Rathore and Tiwari, 1991) of the Shinn (1941) reaction
added to meat, nitrite is formed due to reduction by the organichich is based on a well-known Griess reaction. This is a reaction
matter in the raw mea€lostridium botulinungrows only under of nitrite with a primary aromatic amine to form a diazonium salt
anaerobic conditions and itis the nitrate rather than the nitrite whiethich is coupled with another aromatic compound to form the azo
assures an aerobic environment. Meat cured with nitrate is a briglye of which the absorbance is measured.
red, while nitrite imparts a darker colour to the meat; thus the The strategy commonly adopted is based on the reduction of
latter's use is mainly to control colour, rather than the preventiamitrate to nitrite which is then spectrometrically determined after
of Clostridiuminfectionper se It is used for pigment and other diazotation and coupling reaction. Either homogeneous or
colourants (Francis, 1998). heterogeneous reductors are used. The nitrite so produced is
Hence, itis necessary to control the concentration of nitrate addtermined through formation of a reddish purple azo dye produced
nitrite in water. Several methods are available for the determinatiahpH 2.0 to 2.5.
of nitrate in water, and may fall into the following categories: When using the cadmium reducing method, nitrate is reduced
almost completely to nitrite. The applicable range of the method is
» The reduction of nitrate to ammonia (Bremmer and Keene®,01 to 1 mg NQ- N/ The technique is especially recommended

1965; Keay and Menage, 1970) for nitrate levels below 0.1 migihere other methods lack adequate
¢ Photo-induced reduction of nitrate to nitrite (Takeda andensitivity. A number of flow injection systems (Zagato et al.,

Fujiwara, 1995) 1980; Anderson, 1980; Van Staden, 1982; McCormack etal., 1994;
« Direct spectrophotometry (Rennie et al., 1979; Huiro et alVan Staden and Makhafola, 1996; 1999) have been developed

1991) using this modification.

Sequential injection analysis (SIA) launched in 1990 (Ruzicka
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A From SPR (reductor) to
waste

PUMP HC SPR
Figure 1
SAMPLE Sequential injection system for
BUFFER determination of iron. Hydrochloric
acid solution is aspirated through
CARRIER

the sequential valve (SV) through the
| D | solid phase reductor (SPR) into the

CHROMOGEN

holding coil(HC). It is flushed out via
i the SPR, regenerating it, then to
u waste. Wash, sample, buffer and
chromogen solutions are now
aspirated through the SV into the HC.
The well-stacked penetrated zones
are flushed by the carrier solution
propelled by the peristaltic pump via
SPR towards the detector (D) and
B DEVICE SEQUENCE FOR ONE SIA CYCLE waste.
(A) Schematic flow diagram.
(B) Sequence of hydrochloric acid,

SPR : Solid-phase reactor ,21 cm x 6 mm
HC : Holding coil, 300 cm x 0.89 mm
D : Detector WASTE
SV : Selection valve

TO wash, sample, buffer and chromogen
€= HCl => AsE €= WASH SOLN. | €= SAMPLE solutions.
10.0s 12.0s 3.0s 25s

TO
€ BUFFER| €= CHROMOGEN | gm WASH SOLN. [*¥ il on

20s 25s 3.0s 57.0s

and, thus, the waste generated. In addition, devices based on 8tAbly distilled, deionised water. Deionised water from Modulab
yield robust and stable systems that are suitable for routisgstem (Continental Water System, Sant Antonio, TX, USA) was
monitoring. used throughout. The solutions were all degassed before introduction
Oms et al.(1995) proposed a semi-automated sequential injétto the system and stored in an oxygen-free environment.
tion system for the determination of nitrate and nitrite in wastewaters Stock nitrate solution: 0.6070 g of oven-dried sodium nitrate
and aqueous extracts of atmospheric aerosols. Homogene@uerck, pro analysis) was dissolved and diluted/tavith double
reduction with hydrazinium sulphate was used and the individudkionised water. A 2 #rsolution of chloroform (Merck, pro
quantification of both ions was achieved by two injections of thanalysis) was added to this solution to maintain stability and stored
sample. in a cool place. Working standards in the range of 0.25 to 50
Van Staden and Van der Merwe (1998) used an SIA systemg# were prepared by appropriate dilution of the stock solution
concept to develop an on-line process analyser for the monitoringth water.
of nitrite in fertilizer process streams, natural and wastewater Stock nitrite solution: 0.5057 g of oven dried sodium nitrite
effluents. The nitrite was diazotised in the SIA system witlfRiedel-De Haén AG. Seelze-Hannover) was dissolved and diluted
sulphanilic acid and coupled with N— (1-napthyl) ethylenediamin® 2 with double deionised water. A 2Zolution of chloroform
dichloride to form a highly coloured azo dye which was measurdterck , pro analysis) was added to this solution to maintain
at 525 nm. stability and stored in a cool place. Working standards in the range
The SIA system described herein allows for the determinatiasf 0.25 to 50 mdivere prepared by appropriate dilution of the stock
of oxidised nitrogen (nitrate + nitrite) in water samples fronsolution with water after it had been standardised with potassium
different sources as nitrite. The nitrate present is reduced on-lipermanganate (Protea Laboratories service (Pty) Ltd.)
with a solid-phase reactor, diazotised and coupled to produce a Buffer solution: The buffer solution was prepared by dissolving
reddish azo dye which is spectrometrically detected at 540 nm. 80 g of ammonium chloride (Merck, Darmstadt) and 0.2 g EDTA-
automated pump is used in the place of a semi-automated burelimdium salt (GPR, Essex, England) in deionised water and
and an acidified cadmium reactor instead of a copperised colunatiluting to 500 M. The pH was adjusted to 6.5 using ammonia

The reactor was regenerated on-line for consistency. (25% NH,, SAARCHEM). The carrier solution was prepared by
dissolving 13 g ammonium chloride (Merck, Darmstadt) and 2.0 g

Experimental EDTA in deionised water and diluting té.TThe pH of the solution
was 4.75 and was not adjusted to any particular value. The

Reagents appropriate dilutions were made from this solution during

optimisation of the carrier concentration.
All reagents were prepared from analytical grade chemicals unless Chromogenic reagentThe chromogenic reagentwas prepared
specified otherwise. All aqueous solutions were prepared frohy dissolving 5 g sulphanilamide (BDH, Poole, England) and 0.5
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g of N— (1-naphthyl) ethylenediammonium dichloride in a mixturestorage was computer-controlled via the flowTEK program. The
of 50 n? hydrochloric acid (32% HCI, Chemical suppliers) andvhole SIA procedure involved designing a method which allows a
300 n? deionised water and diluting td.1The solution was stored single cycle of the experiment to be run. This procedure is well-

in an amber bottle. illustrated in Table 1 and Fig. 1B.
When all the zones were placed in the holding coil (HC), they
Instrumentation were then flushed with the carrier stream through the reductor to

reduce the nitrate to nitrite. The oxidised nitrogen as nitrite was

The sequential injection system depicted in Fig. 1 was constructeidzotised in the system with sulphanilamide and coupled with N—
from the following components: a Gilson minipuls peristaltioq1-napthyl) ethylenediammonium dichloride to form a highly
pump (Model M312, Gilson, Villiers-Le Bel, France); a 10-portcoloured azo dye which was detected at 540 nm with a
electrically actuated selection valve (Model ECSDIOP, Valcspectrophotometer. The data obtained are converted to a response
Instruments, Houston, Texas) and a Unicam 8625 UV-Visibliéme graph onthe computer screen as a peak profile. The maximum
spectrometer equipped with a 10-mm Hellma-type (Hellma Gmbpeak height was then automatically processed and stored on a
and Co.,Mulheim/Baden, Germany) flow-through cell (volumeomputer via the flowTEK program.
80 ) for absorbance measurements. The absorbance of the azo
dye at 540 nm was used to study the response and precision ofthe cadmium reductor
samples during dispersion in the SIA manifold. The decisionto use
540 nm as wavelength was based on a scan of the specified solufibe reductor columns were made of glass with varying lengths
over the 200 to 1 100 nm range. (12cm, 15cm, 17 cm, 19 cm and 21 cm) but with the same internal

Data acquisition and device control were achieved usingdiameter of 6 mm. The columns were then filled with cadmium
PC30-B interface board (Eagle Electric, Cape Town) and aranules (Merck, 0.3 -1.5mm). The particles were held by a glass
assembled distribution board (Mintek, Randburg). The flowTEHKrit at each end so that they did not block the SIA system. Avibrator
(Marshall and van Staden, 1992) software package (obtainablas used to effect close packing of the columns. The cadmium
from Mintek) for computer-aided flow analysis was used throughowgfranules prior to being packed in the glass column were prepared
for device control and data acquisition. All data given (mean pedly washing with acetone for 10 min, adding 200fi2 molZ HCI

height values) are the average of 10 replicates. solution, deionised water and methanol, then drying in a dessicator.
An acidified cadmium reactor was chosen over a copperised one
Operation of the system because copper has a tendency of interfering in the determination

of nitrite in water. Furthermore, van Staden and Makhafola (1999),
A schematic diagram for the SIA systemis depicted in Fig. 1A. THeve shown that the life-span of the acidified cadmium reactor was
whole procedure, from sample injection to data processing ahlahger than the copperised one. The cadmium reductor was
regenerated by passing approximately
270 W of 2 molt HCI solution at the

TABLE 1 begir_ming of every cycle. '_I'his was toensure
. consistency in the reduction efficiency and
Device sequence for one cycle of the SIA system capacity of the reductor.
Time (s) Pump Valve Description Sample preparation
0 Off Position 1 Pump off. Select HCI stream. .
1 Reverse Draw HCI solution for regeneration rnhsiiti?;ngloers Vv\yztrgr Ogha;ﬂf; g&rgiéze
10 Off Pump stop. .
11 Off Position 2 Select waste stream Srl?]eepasr;nr:]epr;tec;fvv\@tgAglflalrcsozﬁr:itFeo(;e?:gy%
;g g%mard PF:JL;nn:)p;glputlon to waste different localities (streams, rivers, dams,
o4 Off Position 3 Select wash stream hydro plants, tunnels and effluent streams)
o5 Reverse Draw wash solution at a depth of half a met_re. The samples
57 off Pump stop were then preserved in mercury _(II)
28 Off Position 4 Select sample stream chloride. The samples that were received
29 Reverse Draw sample solution were ready fo_r direct analysis. Samples
305 off Pump stop selected Wereln_the pHrange 6.8t0 8.2 and
31.5 Off Position 5 Select buffer stream at a con_centratlon .Of between 0.01 and
) . 2 mgt (nitrate + nitrite as N). The buffer

32.5 Reverse Draw buffer solution solution allowed the adjustment of the pH
335 Off Pump stop of the samples.
34.5 Off Position 6 Select chromogen stream
35.5 Reverse Draw chromogen solution Results and discussions
37 Off Pump stop
38 Off Position 7 Select wash stream Method optimisation
39 Reverse Draw wash solution
41 Off . Pump stop The method was optimised with regard to
42 Off Position 8 | Select detector stream the following parameters: nitrite concen-
43 Forward Pump zones through reductor to detecthaﬂon, carrier concentration. flow rate
100 Off Position 1 Pump stop. Valve return home. sample, reagent and buﬂervoiume, reactor
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length and reduction efficiency. Both

. TABLE 2 . the relative peak heightand %RSD were
Effect of nitrate concentration on response and precision used as criteria for establishing the most
Conc (mgd) 0.5 1 o5 5 10 o5 50 appropriate optimum value in each case.
Relative peak height| 0.402 | 0.412| 0.618 0.73¢ 1.708 2.325 5.367 Cadmium reductor parameters
%RSD 15 1 0.8 1.2 1.8 2.5 5
The solid phase cadmium reductor forms
the heart of the manifold of the proposed system.
. T.ABLE 3 " The performance of the SIA system depends on
Effect of carrier concentration on response and precision the reduction efficiency of the reductor at the
interface between the solid and the liquid phases of
Conc_(mgl) . 0 0.7 1.3 26 6.5 13 J_ thereductor. Inaddition, the reductor packing had
Relative peak height| 0.683 | 0.731 0.73 0.713 0.692 0.677 to be thorough and its length and efficiency had to
%RSD 2.1 1.3 1 1.4 1.9 1.4 be optimised.
The response and precision of the system were
studied by varying the reductor length between 12 and 21 cm
TABLE 4 with the internal diameter fixed at 6 mm. The five reductors
Effect of sample volume on response and precision (12 cm, 15 cm, 17 cm, 19 cm and 21 cm) were compared for
reductor efficiency. It was found that the last three reductors
Volume () 27.5 55 82.5 110 | 137.5]  did notshow a significant difference in response. There was,
Relative peak height | 0.377 | 0.486 | 0.629| 0.765 0.877 nowever, a significant difference for the shorter reactor
%RSD 1.2 17 0.5 12 0.8 | lengths (Fig. 2). The 21 cm reactor length was chosen as
optimum because of its good precision.
TABLE 5 L. Chemical parameters
Effect of chromogen volume on response and precision
The nitrate concentration was evaluated between 0.5 and
VO"”T‘e ©9 . 215 55 82.5 110 137 50 mg{ (Table 2) in order to find the best conditions for both
(I;)T:Igtge peak height 0:'3524 Oisé)? 00'5813 01.562E 0i558 the response and precision and the 2.5 owicentration
) : ) . that gave the best precision was chosen as the optimum
concentration. The carrier was evaluated between pure
0.75 T2 deionised water and a solution of 13 g ammonium chloride and
| +18 2 g EDTA made up to a litre. However, it was a concentration
E, 0.77 116 corresponding to 1.3 g ammonium chloride and 0.2 g EDTA per
£ 0.65 il 7 litre of solution that was chosen as the optimum, because it gave the
§ T T14 ? best precision with overall combined best response as shown in
; 0.64 T12 g Table 3.
& ¢ 1
& 055 I os Physical parameters
0.5 — 0.6 The contact time between the sample and the reductor is of utmost
12 14 16 18 20 22 importance. The 21 cm reductor length was found to be optimum

Reductor length (cm)
—=— Relative peak height —=— %RSD

Figure 2
Effect of reductor length on response and precision

0.58 1,7

0.56 T4
2054 1o1
= T 1
%052+ 4183
g .l o
2 %57 Ti5°
K] 4
< 048 +1.2
e 1

0.46 —+0.9

0.44 | : : : : 0.6

1 15 2 25 3 35 4
Flow rate (ml/min)

—=— Relative peak height —=— %RSD

Figure 3
Effect of flow rate on response and precision
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and effective with 27(¢, 2 mol? HCl solution passing through the
reductor for every SIA cycle. The flow rate was evaluated between
1.86 and 3.71 #min. The 3.25 wtimin flow rate (Fig. 3) gave the
best precision and was chosen as optimum for further work. The
sample (Table 4), reagent (Table 5) and buffer volumes (Table 6)
were all evaluated between 25.0 and 148.0The sample and
reagent volumes were both found to be optimum at@2abd the
buffer volume at 5.

Method evaluation

The linearity of the system was evaluated for analyte concentration
between 0.25 and 50 ndg/The response was, however, found to
be linear in the range 0.25 to 5 grhe relationship between the
response and the concentration is given by the equation : H =
0.0877x +0.20602r= 0.9994, where H is the relative peak height
and x the analyte concentration in éng/

Water samples from different sources were analysed with the
proposed system. The results obtained are a mean of 10 repetitive
analysis of each sample (Table 7). The accuracy was compared to
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the standard method results (Table 8).

The precision of the method was determined by 10 TABLE 6 -
" . . Effect of buffer volume on response and precision
repetitive analysis of the standard solutions as well as |10
repetitive analysis c_Jf the water samples. All these WEre\,Jlume @ 275 55 825 110 1374
carried out under optimum conditions. The standard deviat O elati .
elative peak height| 0.662 | 0.608| 0.574] 0.589 0.596
for the standards was <1.0% and the samples < 1.3%.
o . %RSD 14 0.8 1.7 1.7 0.8
The detection limit was calculated using the formula
[(Bo + k) - c]
Detection limit= TABLE 7
m SIA results for water samples analysed
where: Sample Id pH mg/ ¢
o (0.00455) is the standard deviation of the baseline (NO,~N + NO, -N)
k (0.1932) is the average response of the baseline Onk 52 0.65
¢ (0.0877)is the intercept and m is the slope of the calibratipn ~"N<NOWn : -
r(a h ) P P Mtafufu-Ntafufu 7.8 0.88
grapn. Tshinane 7.7 1.07
Vink 8.3 0.96
The detection limit was found to be 0.01 mg/ Wolwekloof Tunnel 6.9 1.2
The recovery of the proposed system was determined pyVan Rhyreveldspass Dam 75 1.68
comparing the expected results with those obtained with theMgwale-clackburg 7.8 0.48
. Tsitsa-Tsitsa Bridge 7.3 0.47
proposed system as follows: Duiwe River 7 0.8
obtained Mutshedi Dam 7.4 1.13
Recovery (%) = x 100
expected
The results ranged between 91.4% and 112.8%%. TABLE 8
The sample interaction carryover between Comparison of SIA and standard method results in mg/ and paired
consecutive samples was determined by analysing differences
samples with low analyte concentration followed
with a high analyte concentration which was Sample ID SIA Standard | X ;x 10 | (X;)?x 10°
again followed by the sample with a low analyte method method
concentratlon_. The samplg interaction was then Unknown 0.65 0.63 P 0.4
calculated using the following formula: Mtafufu-Ntafufu 0.88 0.78 10 10
Tshinane 1.07 0.97 10 10
_ o A-A Vink 0.96 1.05 -9 8.1
Sample interaction = x 100% Wolwekloof Tunnel 1.2 1.16 4 1.6
A, Van Rhyreveldspass Dam 1.68 1.77 -9 8.1
) ) Mgwale-Clackburg 0.48 0.45 3 0.9
where A is the peak height (0.2937) of a samplg Mutshedzi Dam 1.13 0.99 14 19.6
containing 1 mg/ A, is a peak height (0.7361) of| Tsitsa-Tsitsa Bridge 0.47 0.46 1 0.1
a sample containing 5 nigdnd A is a peak Duiwe River 0.8 0.72 7.9 6.2
height (0.3033) of a sample containing 1 éng
injected after the sample containing 5 m@he sample interaction
was 1.3% which may be considered to be negligible.
L2 . TABLE 9
The only possible interferences that may disturb the accuracy . .
. . o . Some of the ions present in the water samples,
of this analysis are: iron, copper, phosphates, chromium (VI), . ;
. . their ranges and tolerance levels in mg/¢{ when
magnesium, manganese and chloroamines. Fortunately, all these ; o
. added to 2 mg/ ¢ standard (nitrate + nitrite)
ions were found to be at acceptable levels and may not affect the
results. Table 9 gives some of the ions, their ranges and tolerapce lon Tolerance | Range in samples
levels in the water samples analysed. Oms et al. (1995) found that level g P
copper (Il) interfered in the reduction step and for it not to interferg
the copper sulphate used for the copperised cadmium redugtor Phosphate as P 1 0.008 - 0.080
should be less than 25 mddowever, in this instance, the tolerance Chloride 800 10 - 400
level is 20 mgf. An acidified reductor was used in the place of the gulé)_hate 7338 0.2186% 66
copperised one, thus minimising any interference due to copper Pgtallgg?um 700 0 3 -8.3
that may arise from copper. Calcium 350 3.19
Magnesium 300 2-19
Statistical comparisons Copper 20 0.0 011 - 0.057
Nickel 40 0.0 043 -0.79
The comparison was done between the SIA and the standard ﬁgrr]omlum 2% 01013841 40'214
method (Institute for Water Quality Studies) (Table 8). The ) )

comparison was done to establish whether the SIA system can be
accepted as giving reliable results in the determination of oxidised

Available on websitéttp://www.wrc.org.za ISSN 0378-4738 = Water SA Vol. 27 No. 3 July 2001 359



nitrogen. The null hypothesis was used. The t-test with multip¢EENEY KE, BYRNES BH and GENSON JJ (1970) Determination of

Samp|es (paired by differences) was app“ed to examine whether hitrate in waters with the nitrate-selective ion electrddwlyst95

the two methods differed significantly at a 95% confidence Ievell_.AM3BSI§’'R3_|5_36R-S d DUBOIS RJ (1971) S hot tric determinafi

The null hypothesis is i = 0, against the alternative:H§ # 0, . > an | Specrophofometric derermination
. . . . . f nitrat th f chloridanal. Chem43 955-957.

where( is the population paired difference(McCormick and RoacthIO pivaleIn e presence of chioricanal. ~-herm

) ! . . NSKY W and EPSTEIN SS (1970) Nitrosamine as environmental
1987). The test is two tailed, as we are interested ingetb and carcinogensNature (London)225 21-23.

x,>0. Thus, §. = K,|xVn/s,and from Table 16,=0.0339 and | UND JWG (1972) Eutrophicatioroc. R. Soc180371-382.
s,=0.0877 with n =10. Substituting for, twe find { . =0.0339 MARSHALL GD and VAN STADEN JF (1992) Computer-aided flow
X V10/ 0.0877 =1.222. anlysis for laboratory use and process analysil. Instrum 20

At 95% confidence level}, , = 2.36. The critical t-values are 79-100.
therefore + 2.36. Since the calculated value is less than the criti#ICORMACK T, DAVID ARJ, WORSFIELD PJ and HOWLAND R
value, H cannot be rejected and it follows that there is no statistically (1994) Flow injection determination of nitrate in estuarine and coastel

significant difference between the two techniques waters. Anal. Proc.31 81-83. -
’ McCORMICK D and ROACH A (1987Measurement, Statistics and

. Computation Analytical Chemistry by Open Learning. 239-240.
Conclusions NORWITZ G and KELLIHER PN(1985) Study of interferences in the
spectrophotometric determination of nitrite using composite
The determination of the oxidised nitrogen (nitrate + nitrite as N) diazotisation coupling reagentsnalyst110 689-694.
by SIA using a solid-phase reductor incorporated into the SIRMS MT, CERDA A and CERDA V(1995) Sequential injection analysis
manifold is an improvement on similar techniques which used FIA _Of nitrites and nitratesinal. Chim. Act815321-330. o
and semi automated burettes. Furthermore, in this work an acidifie@ T HORE HPS and TIWARI SK (1991) Spectrophotometric determination

cadmium reductor was used which eliminated all possible gg;nznztg_lznzgolluted waters using 3-nitroanilinénal. Chim. Acta

interferences that may have been caused by copper or/and phospAgign e pJ, SUMMER AM and BASKETTER FB (1979) Determination
ions. In contrast to work already done, in this work the cadmium o nitrate in raw, potable and waste waters by ultraviolet spectro-

reductor was regenerated on-line without having to disconnect the photometry Analyst105837-845.
system or replace it after regeneration. Thus, once more the SREPORT OF THE SCIENTIFIC COMMITTEE FOR THE HUMAN
system was found to be time and reagent saving and suitable for theNUTRITION ABOUT NITRATES AND NITRITES (1990Report

determination of oxidised nitrogen in water samples to a very low EUR139131556 pp. _
level. RUZICKA J, MARSHALL GD and CHRISTIAN GD (1990a) Sequential

injection: A new concept for chemical sensors, process analysis and
laboratory assay#\nal. Chem237329-343.
RUZICKA J, MARSHALL GD, CHRISTIAN GD (1990b) Variable flow
rates and sinusoidal flow pump for flow injection analysigal. Chem
ANDERSON L (1980) Simultaneous spectrophotometric determination of g2 1861-1866.

nitrite and nitrate by flow injection analysi&nal. Chim. Actall0  SCHUSTER PW and LEE K (1987) Nitrate and nitrite methods of analysis
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