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ABSTRACT

A simple and sensitive method for nitrate determination by ultraviolet first-
derivative spectrophotometry was described. The method allows to avoid
the use of sulfamic acid, routinely needed to eliminate nitrite interference,
and does not require any treatment of samples except acidification. The
method gives a linear calibration curve over the range 0.1-1.8 mg.L .
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NO; — N withareproducibility (RSD) of 1.27 % and alimit of detection of

0.03 mg.L™. NO; — N. The method is applied to determine nitrate in the
ground and surface water. The comparison of results with those obtained
by a reference method shows a good agreement (r = 0.9998) adequate for

accurate and rapid analysis of alarge number of samples.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Intheaguatic environment, themost commonionic
formsof inorganic nitrogen areammonium (NH?), ni-
trite (NO3) and nitrate (NO;)M. Thesethree nitrogen
compoundsare present in natura water asnormal bio-
logical degradation productsof proteinsand nucleic
acids, but also they can enter aguatic ecosystem via
agriculturd runoff, industrial wastesand sewage efflu-
entg*3, Ammoniaisusualy oxidized to nitriteinatwo
Step Process NH, ou NH* - NO; — NO; by two dif-
ferent groups of aerobic chemoauttotrophic bacterid?3.
Consequently the concentration of nitratein natural
water ishigher than those of ammonium and nitrite*2.
However, nitratein drinking water should not exceed
theleve of 50 mg per litrereferring to theworld hedth
organization™. Themainrisk of nitrateisduetoitsre-

ductionto nitrite, and subsequently to the possible oc-
currence of methaemogl obinaemiaamong bottle-fed
infant below theage of six months® and even among
children aged between 1 and 7 years®. In thissitua-
tion, normal haemoglobinisoxidized and converted to
methaemogl obin, whichisincapableof bindingand car-
rying oxygen(*57. Other possible outcomes of nitrate
can take place such as cancers viathe bacterial pro-
duction of N-nitroso compounds, central nervoussys-
tem birth defect, hypertens on, digbetes, respiratory tract
infection and changeto theimmune system, but these
infectiousoutcomesarecurrently inconclusive’®. Onthe
one hand, the nitrate has also a direct impact to the
environment, that alargeinput of nitrogen can causean
excessive phytoplankton and the subsequent deasth and
decay of many aguatic organismswhich unbaancethe
ecosystem equilibrium(**19, Thedetermination of ni-
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trate hascarried out by several methods, however the
most widely accepted included cadmium reduction and
chromatography™*3, The cadmium reductionisbased
onreduction of nitrateto nitrite by passing the sample
through a.column of copperized cadmium metd filings.
Nitrite aredetermined by acolorimetric method based
on the formation of a pink-colored azo dye derived
fromdiazotizing nitritewith sulphanilamideand coupling
with N-1-naphthylethylenediamine hydrochloride
(NED)*17, The cadmium-reduction techniquerequires
speciaized glasscolumnsaswel | asaconsiderableex-
pertiseto prepare acadmium columnthat canmaintain
asatisfactory efficiency for nitrate reduction*s. This
technique leads to hazardous cadmium and phenol
wastel*® and suffers from potential interferences of
metal ionsand phosphate™. lon chromatography per-
mitsto avoid the use of hazardousreagentsand hasthe
advantages of measuring several additiona anionsina
singlediquot of sample. However, ion chromatogra-
phy isexpensive and theinstrument requiresfrequent
mai ntenanceto function properlyt*#4, Ontheother hand
and with alarge application range than those previous
techniques, nitrate sel ective electrodes aremore and
more used, yet they arelessaccurate and reproducible
because of interferences dueto severd ionsthat occur
innatural waters*®. Other current proceduresinvolve
ether nitration of phenolic compound or oxidation of a
suitablereagent, inahighly concentrated sulphuricacid
medium. Inthe case of nitration, the nitro-compound
followed isether transferred in alkalinemedium and
subsequently measured by colorimetry asthe yellow
nitro-phenol atd42>2, or directly measured by polarog-
raphy through areduction on mercury electrode?”. In
the second case, the oxidation of asuitablereagent can
be doneeither by nitrite coming from nitratereduction
through acopperised cadmium columniZ34 or directly
by nitrate’®>* and both way yield to colored reaction
product, which can colorimetrically determined. How-
ever, themost common of these procedures are com-
plicated, waste of time, producing hazardous waste,
they aresubjectsof many interferencesand havefirmly
accuracy depended on reaction conditions. Thestrong
absorbance of nitrateionin ultraviolet range near 203
nmMi hasbeen investigated for early timefor determi-
nation of nitratein natural water®”*. Themethod is
smple, rgpid and requires no chemical reagentsexcept
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KNO, and diluted acid needed for preparing standard
solutiong®. However, many interferencesespecidly due
to chlorideand organic matter, limit theuseof thismethod
for many kindsof natural water. In general, the deter-
mination of nitrateby direct measurementin ultraviol et
range can not be accurate and sel ective without sepa-
rating nitratefrom foreign speciesasdescribed by some
previousworkg“*#, In recent years, derivative spec-
trophotometer hasreceived anincreasi ng attention and
becomes apractical analytical method. It represents
another way to determine nitrate in water indepen-
dently of the most interferences and without having
the use of hazardous chemicalsor applying acompli-
cated procedures. Simal et al* were used second
derivative spectrophotometry to determine nitrate at
224 nm, however at thiswavelength, NO; hasasec-
ond-derivativesignature very smilar to that of NO;#511
and themethod requires sulfamic acid toremove NO;
asnitrogen. Another way to avoid theinterference of
NO; isto measure with less resol ution the second-
derivative absorbance of NO; at the zero crossing point
of NO; asdescribed by Suzuki et alt“®, First deriva-
tive ultraviol et spectrophotometry seemsalso an ac-
curate and reproduci ble method, however it hasnever
been used for determination nitrate in water. So for
thisreason the main purpose of thiswork isto inves-
tigatethismethod in order to reduce mostly the previ-
ous interferences and to prevent the application of
samplepre-trestment. Thedetermination of nitrate has
been carried out by measuring thefirst-derivative ab-
sorbance at the zero crossing point of nitrite. It was
observed that no significant interferenceswerere-
corded in the presence of the most foreign species
which could befound in natural water, and for awide
variety of samples, resultswith the proposed method
arein good agreement with those obtained by the so-
dium salicylate method*428l, The main advantages of
the proposed method are simple, rapid, accurate and
requires no sample pre-treatment which makesit use-
ful for routineanal ysis of largenumber of samples.

EXPERIMENTAL

Apparatus
Spectroscopi c measurementswere performed us-
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ing adouble beam Shimadzu UV-2401PC model re-
cording UV-VIS spectrophotometer. The gpparatusis
interfaced to an IBM-PC computer whichisused to
record spectraand cal culate derivativefrom absorbance.
The scanning rangerunsfrom 1100 to 190 nm and de-
rivatives absorbance versuswavel ength are cal culated
by least square procedurein basing on aconvolution
functions.

Operating conditions

Direct absorbance spectra were obtained from
scans of standards and samples between 250 and 190
nm with matched pairs of UV quartz cell with1cm
optical pathlengths. Automatic adjustable deuterium
lamp wasused and al scansare conducted & high speed
(2190 nm/min) against areference of doubledistilled
water. Thedit widthisfixed at 0.1 nm and sampling
interva ischosenautomaticaly. First derivative spectra
areobtained with asampling interva of 1nm andthey
aremultiplied by 10 scaling factor.

Reagents, standardsand samples

All used chemica swereof andytical reagent grade
and doubledistilled water wasusedin al preparation.
Standard stock solution containing100mg.L 2. NO; - N
was prepared by dissolving accurately 0.1805 g of
KNGO, after drying at 105°C for 4 hours, in 250 ml of
water. Thestock solutionwasstoredinarefrigerator at
4°C and refreshed after each three months. Working
standardsranging from0.1t0 1.8 mg.L* NO; - N were
prepared immediately beforeusagefrom serid dilution
of stock solution. Other solutionsused for theinterfer-
encestudy were prepared by dissol ving the correspond-
ing salt in water. Ground and surface water samples
werecollected in polyethylenevessd sand minerd wa
ter sampleswere purchased fromloca market. Samples
werefiltered through 40 grade Whatman filter paper.

RESULTSAND DISCUSSION

Interferencesin direct determinationin UV

Theion nitrate absorbs strongly inthe UV range
with amaximum absorbance a 203 nmand molar ab-
sorptivity was estimated as 8800 L.molt.cm™. How-
ever nitrate determination based on direct spectropho-
tometry measurement in ultraviolet isusualy hindered

Hnalytical CHEMISTRY o

by the presence of other absorbing species such as
Cl~,NO,,Fe* and organic matter”), Figure 1 shows
theseinterferencesin which nitrate spectrumissuper-
posed withthose of foreign species. Nitrateisexpressed
as nitrate nitrogen and concentration of 1 mg.L™.
NO, — N will beusedinal thefollowinginterference
studiesinthispaper. It has been observed that nitriteis
themost interfering species, that with an equa amount,
nitritehasalmost the haf absorbance at 203 nm than of
nitrate, and both ions give overlapping absorption
bands, which makestheir visua identification difficult.
For thisreason, direct determinationin UV range usu-
aly requirepre-trestment of samplesuch asnitrate sepa
ration by ion-exchange chromatography!“*#7 or by di-
aysismembrangY,

First derivativedeter mination

The purpose of using first derivative spectropho-
tometryistofindawavelengthintheUV rangeinwhich
only nitrate absorbsand other speciesdonot, or dightly
absorb. Thezero-crossing point of nitritenear 209.50
nm seemsto bethedesired wavelengthinwhich nitrate
absorbssignificantly and neither chloridenor bicarbon-
ate (HCO;) andiron (Fe*) absorb (Figure 2). Spectra
of some standard sol utions which have been used to
determinecdibration curve, aswdll astheir first deriva
tivearepresentedin Figure 3. Cdibration curve plot-
ting first-derivative absorbance of nitrateat 209.50 nm
versus concentration, showsalinear relationship from
0to2.4mg.Lt NO; - N, but astrong correlation (r =
0.9997) has been noticed below 1.8 mg.L* NO; -N
asitisshowedinFigure4. Sofor thisreasondl samples
wereenough diluted by water to maketheir nitrate con-
centration under thisleve and thelinear range between
Oand 1.8 mg.L* NO; — N will beused for all next de-
terminations.

(a) Interference of foreign species

It has been noticed that the zero-crossing point of
nitrite can undergo asmall shift whenitsconcentration
variestothehigh vaues. Consequently, theinterference
of nitritewasstudiedin us ng mixturesof fixed amount of
nitrateand avariableamount of nitriteuntil thetwoions
reach an equal quantity. Fivereplicated determination
was carried out for each mixtureby measuring thefirst
derivative absorbance at 209.50 nm. Asitisshownin
TABLE 1, it hasbeenfound that for dl themixturesthe
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reproducibility (relativestandard deviation) isbedow 2%  second seriousinterfering species, by mixing1 mg.L™.
and recovery did not exceed 2.5% around thevalueof  NO; — N withvariableamount of chlorideand thefirg-
100 %. The same work was done with chloride, the  derivative absorbance was measured at 209.50 nm.

Absorbance
1.5

0.5

0 ;
190 210 230 250
Wavelength ( nm )

Figurel: Interferenceon nitratedetermination in UV range; a: 1mg.L* NO; =N, b: 1mg.L* NO; —N, c: 200 mg.L*
chloride, d: 100mg.L* HCO, e 1mg.L*iron (I11).

dA /dxr
1.0

A =209.50 nm

0.5

&\
of ﬁ/

Ll

a
-0.5 \/
c
-1.0
190 210 230 250

Wavelength (nm)

Figure2: First derivative spectra of nitrateand someof othersspecies; a: 1mg.L* NO; =N, b: 1mg.L*NO; =N, c: 200
mg.L*chloride, d: 100mg.L*HCO;,e: 1mg.Liron (I11).
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Figure3: Zeroand first-order derivativespectraof somestandard solutions; a: 1.8mg.L* NO, —N,b: 1.2mg.L* NO; —N,
c:0.6mg.L*NO, —N.

slope: -0.22049 + 0.00355 (at 95% C.L)
y-intersept : -0.00515 + 0.00364 ( at 95% C.L)
regression correlation: r = 0.99977
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Figure4: Calibration curveobtained with fir st-derivativetechniquefrom standar dsrangingfrom0.0to 1.8 mg.L* NO; — N.
Thecurvewasfitted by least-squaresregression (r =0.99977)
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TheTABLE 2 showsthat the chloridedo not inter-
ferein ameaningful manner only from 1000 mg.L*
whileintroducing an error of 5 %. This observation
showsthat the method tol erates high concentrations of
chloridesand will bewell adequatefor the most types
of natural waters. Bicarbonate doesnot interfereat the
concentration whichislessthan 100 mg.L t introducing
only asmall error of 0.9% (TABLE 3) onthenitrate
determingtion.

TABLE 1: Interferenceof nitriteon thedeter mination of 1

mg.L. NO;-N
NOs-N added NO.-N added NOsNfound® RSD Recovery
(mg.L™? (mg.L™? (mg.L ™) (%) (%)
1 0 1.004 098 100.4
1 0.2 1.019 144 1019
1 0.4 1.024 088 1024
1 0.6 1.016 144 1016
1 0.8 0.984 099 984
1 1 0.997 082 997

@The average of five replicate determinations (n = 5)

TABLE 2: Interferenceof chlorideon thedeter mination of 1

mg.L*. NO; -N

Chloride ~ N-NOs;found®  RSD  Recovery

(mg.L™ (mg.L™) (%) (%)
100 1.010 1.33 101.0
200 1.013 0.79 101.3
300 1.011 0.90 101.1
400 1.019 0.74 101.9
500 1.030 1.79 103.0
600 1.037 1.98 103.7
700 1.032 1.82 103.2
800 1.035 121 103.5
900 1.042 0.82 104.2
1000 1.049 1.13 104.9
1200 1.082 0.88 108.2
1500 1101 0.80 110.1
1700 1.100 0.95 110.0
2000 1.123 131 112.3

@The average of five replicate determinations (n = 5).

However according to the method of nitrate deter-
mination by second-derivative spectrophotometry, Simal
et a* are reported an interference of HCO; at con-
centration since 0.5 mg.L%, and recommended acidifi-
cation under pH = 2 to eliminatethisinterference. In
the present procedure, the acidificationisinvolved only

—— Fyll Peper

when concentration of HCO; reach200mg.L* (TABLE
3). Furthermoreit hasbeen found that for themost types
of natural water the addition of 1 ml of 1N, H,SO, for
each 50 ml of sample can maintainthe pH value under
2.5, whichyield to eliminate bicarbonateinterference.
TABLE 4 showsaquantitativerecovery onthenitrate
determination after acidification, evenif theinitid con-
centration of HCO; was 700 mg.L . Theinfluence of
other foreign speciesthat are commonly found in natu-
ral water wasinvestigated, and theamount at which the
speciescausean error of morethan 5 %istaken asits
limited tolerance. Theresultsof TABLE 5 show that
largeamount of alkaline earth metal such ascalcium
and magnesium istolerabl e by the proposed method
for up to 200 mg.L* and that of orthophosphateistol-
erated for up to 100 mg.L*. Moreover, glucose and
humic acid does not interfere even at 1000 and 300
mg.L " respectively, showing agood robustness of the
method in the presence of organic matter.

TABLE 3: Interferencesof bicarbonateon thedeter mination
of Img.Lt. NO,-N

Bicarbonate N-NOzfound RSD  Recovry
added (mg.L™) (mg.LH® (%) (%)
100 1.009 0.96 101.9
200 1.047 0.62 104.7
300 1.091 0.76 109.1
400 1.172 121 117.2
500 1.225 0.91 122.5
600 1.237 0.99 123.7
700 1.298 1.33 129.8

@The average of five replicate determinations (n = 5).

TABLE 4: Interferencesof bicarbonateon thedeter mination
of 1mg.L*. NO, — N after acidification by H,SO,

Bicarbonate N-NOszfound RSD  Recovry

added (mg.L™) (mg.LH® (%) (%)
200 0.999 0.75 99.9
300 1.002 141 100.2
400 1.006 0.98 100.6
500 0.989 0.78 98.9
600 0.997 0.94 99.7
700 1.000 1.98 100.0

@The average of five replicate determinations (n = 5).

It hasbeen dso found (TABLE 6) that some heavy
metal such asiron and zinc aretolerableat massratio
NO; - N/interferent of 1.5 and 1:20 respectively, how-
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ever the amount of lead, copper and chromium
hexavd ent should not exceed themassration NO, — N/
interferent of 1:2 when aquantitative nitrate determina:
tionisrequired.

TABLE 5 : Interferences of alkaline earth and some cur-
rently specieson thedetermination of 1mg.L-~. NO, —N

Species Massratio Recovery RSD
N-NOJ/ Interferent  (%)? (%)
ot 1:100 1006 1.02
Ca
1:200 101.0 0.98
ot 1:100 1004 0.78
Mg
1:200 99.3 1.73
1:10 100.3 134
PO, )
(added as Na,PO,) 1:70 1004 042
4,
1:100 100.1 0.70
. 15 100.2 1.30
NH,4
1:10 1010 0.71
5 1:100 1011  1.62
SO,
1:200 988 127
1:100 1000 0.63
1:300 100.1 041
Glucose
1:500 100.3 1.50
1:1000 101.0 1.18
1:100 100.1 0.97
Humic acid 1:200 100.2 0.99
1:300 101.0 114

@The average of five replicate determinations (n = 5)

(b) Evaluation of themethod

The performance of the method wasevaluated in
term of linear range, detection limit and reproducibility
(TABLE?7). Thecdlibration curvewaslinear intherange
0.10-1.8mg.L* NO; - N with acorreation coefficient
of 0.9997. Thedetection limit was defined asthe con-
centration equivaent of threetimesthestandard devia-
tion of theblank divided by thed opeof thecalibration
curve®, For 25 measurements of the blank, the de-
tectionlimitwas.

3o/(slope of the calibration curve) =0.03mg.L*?
NO; - N, aswell asthedetermination limitwas: 10c/
(dopeof thecaibration curve) =0.10mg.L1 NO; - N.
Thereproducibility (RSD) of themethodwas 1.27 %
performed by ten separate determinationsof 1 mg.L ™.

TABLE 6: Interferencesof heavy metalson thedeter mina-
tionof 1mg.Lt. NO, —N

Species Massratio Recovery RSD
N-NOy/ Interferent (%)?@ (%)

1:2 99.9 0.57

Fe?* 15 99.0 0.73
1:10 96.9 0.81

1:2 99.5 0.96

Fe* 1:5 96.9 1.37
1:10 89.9 2.09

1:2 99.3 1.11

Zn* 15 98.7 0.64
1:20 100.5 0.71

1:2 1014 0.69

cu* 15 115.0 0.10
1:20 154.9 1.35

1:1 98.6 1.31

Pb** 1:2 94.9 6.84
15 93.4 1.82

cr¥ 1:2 102.5 0.69
cr® 1:2 135.0 0.96
Ag’ 1:2 96.5 0.90
Co* 1:2 101.7 0.96
NiZ* 1:2 102.2 1.25

@The average of five replicate determinations (n = 5)

NO; — N. Thepreviousresults show that the proposed
method ismoreaccurate and can tol erate the presence
of many interfering species than second-derivative
method whichisdescribed by smal et d“ and later by
suzuki et e,

(c) Application toreal samples

Themethod was applied to determinethenitratein
certain samplessuch astgpewater, minera water, river
and lakewater and ground water. Except the mineral
water, al samplesarefiltered through 40 gradewhatman
filter (<0.8 um) prior to analysis and acidified by 1 ml
of 1N, H,S0, for eachfina volumeof S0ml of diluted
sample. TABLE 8 shows agood agreement between
results obtained by the proposed method and those ob-
tained by sodium salicylate method which commonly
accepted asareference method for nitrate determina
tionl, Analysisby least square regression showed a
very strong relationship (r = 0.9998) between thetow
methods (Figure5). Thedopeof the best-fit regression
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TABLE 7: Analytical figureof merit for thedeter mination of nitrateasnitrogen by the proposed method

Linear range (mg.L™". NO; =N

Slope of the calibration curve

Y — intercept

Correlation coefficient

Limit of detection (mg.L™. NO; =N )
Limit of determination (mg.L™". NO, =N )
Reproducibility (% RSD)

Blank measurement (n = 25)

0.10-1.8

-0.22049 + 0.00355 (at 95 % confidence level)
-0.00515 + 0.00364 (at 95 % confidence level)
r =0.9997

0.03

0.10

1.27

-0.00106 + 0.00225

line(at 95% confidencelevel) was1.00269 (+ 0.01190)
and the y-intercept (at 95 % confidence level) was
0.01680 (+ 0.25190) mg.L*. A paired-sample t-test
givesasresults(n= 15, mean difference=0.03, SD =
0.304, t = 0.3822) demonstrating that there was no
significant difference between NO; — N concentrations
obtained through sodium salicylate method and ultra-
violet first derivative spectrophotometry.

(d) Recommended procedure

First of al, adirect measurement inthe ultraviol et
range should be done, and if the nitrate absorption at
203 nmisabovethevauel.2, thesamplewill beenough

diluted in order to makeits absorptioninto thefirst-
derivativelinear range. Second, 1 ml of 1N, H,SO, is
added to eachfina volume of 50 ml of diluted sample,
and first derivative absorption isrecorded at 209.50
nm in using the same operating conditionsthat isde-
scribed inan experimental section. Theunknown con-
centration isdetermined by projecting thefirst-deriva
tive absorption of the sample onthecalibration curve
plotted by standard solutionsrangingfrom0.1t0 1.8
mg.L* NO; - N. The use of the proposed method is
limited by a mass ratio NO, - N / chloride above
1:1000. In thiscase, the sample should betreated be-
foretheanaysis by an equivaent quantity of AgSO,.

regression slope : 1.00269 + 0.01190 (at 95 % C.l)
ks 504 y-intercept: 0.01680 + 0.25190 (at 95 % C.I)
) correlation coefficient r = 0.9998
E
° n=15
= 404
>
o
©
7]
E 30 4
T
o
w
>
2 204
=
1 Iﬂ
o]
Z
- 10 4
-
o
E
04
1 v 1 v 1 v 1 v 1
0 10 20 30 40 50

mg.L-1 NO-3-N by first derivative spectrophotometric method

Figure5: Comparison of NO, — N concentration for 15 natural water ssamplesasdeter mined by fir st-derivative spectropho-

tometry and by sodium salicylatemethod.
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TABLE 8: Determination of nitratein real samplesand comparison with reference method

Sample type NOs-N a(_jlded uv firstzgerivati_\lle Sodium salicylgfe RSD Recovery
(mg.L™) method™ (mg.L™) method (mg.L™) (%) (%)
- 2.48 212 1.17
Tap water
5 7.42 1.70 98.9
well 1 - 3.44 3.37 1.60
(sidi jaber, Fahs, Zaghouan) 5 8.43 1.25 99.8
Well 2 - 24.30 24.73 1.20
(ksar hellal, Monastir) 10 34.00 0.61 97.7
Well 3 - 48.30 48.21 0.90
(Mornaguia, Manouba) 20 68.70 0.64 102.0
Well 4 - 6.67 6.54 0.96
(Chbika, Kairouan) 10 16.69 1.28 100.2
Mineral water 1 - 3.79 3.61 1.98
(Safia, Ksour ®) 2 5.82 0.87 101.5
Mineral water 2 - 1.49 1.30 0.96
(Cristalline ®) 4 5.60 1.32 102.7
Mineral water 3 - 2.82 2.58 0.64
(Fourate ®) 2 4.84 1.01 101.0
Lake water - 0.53 0.21 2.07
(Fjije, Fahs, Zaghouan) 2 257 1.22 101.9
River water 1 - 0.75 1.50 1.57
(Malyen, Fahs, Zaghouan) 2 2.80 0.72 102.8
River water 2 - 1.59 0.95 0.98
(Bir mcharga, Zaghouan) 2.5 413 1.00 101.6

@The average of five replicate determinations (n = 5)

CONCLUSION

The proposed method showsagood accuracy and
reproducibility inthepresenceof severd interfering spe-
ciesand for many real samples. Themethod does not
requireany pre-treatment of sample except acidifica
tion, whichisuseful for rgpid androutineanaysis. The
method shows competitive precision, selectivity and a
comparablelinear rangethan second-derivative spec-
trophotometry and sodium sdicylatemethod, which d-
low it to bean aternative method for nitrate determina-
tioninnatural weter.
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