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ABSTIRACT

Mitrate and nitrite determination by spectrophotemetry through nitrite azotisation reaction was
cvaluated, Mitrate was reduced inte nirrite by hydrazine sulfale in kasic salution using CuS0, az
calalyst.  Niite was then reacted with sulfonilic acid and M-l-maphthyl amine in acid sclution
torming calared sclution, The best reduction conditions were obigined st hvdrazine concentration of
0.03 mEL, CuS0y.5H:0 concentration of 0.03 ¢/l and NaOH concentration af .8 mal/L, heated at 43
°C for 60 second,  Azotalion reaction was eptinm at suifenilic concentration of 0.3 %, HCI
concentration of & %, naphthyl amine concentration of 0.3 %%, Maximuem absorbance was abrained at

5240 nim and colar was stabile for 3 hours. Relative standard devintions for six replications were 1.68
e for nitrate end 1,36 %4 for nitrite. Delection limits of the method were 0.015 mg/L for N-MO, and
0LO0GT ma/L for N-NOh. Recoveries obrained b spike samples were 101.2 % Tor niteate and 103,7 %

fur nitrite,

INTRODUCTION

Mitrate is the most abundant form of inorganic
mitrogen. [t is formed dering niteification step.
Mitrite is well known as intermediste product in
the nitragen eycle, which is produced during the
biodegradation of oreanic compound containing
nitrogen, Mitrite is strong carcinogen, however it
15 used as food preservative. Both nitate and
hitrite are studied parameter for air pollution,
acid rain and eutrophication of lakes and marshes
in environmental swdies'?.  Therefore, the
determination of nitrate and nitrite s very
impartant in vacious fields sech as enviranmental
studics, biology, food and clinical chemistry,

WVarigus methads have been developed for nitrate
and nitette deteemination.  General method for
nitrate  determination iz direct UV
specirophotometry al 225 nm. UV absorption by
cther crganic  component s corrected by
ahsorbance measurement at 275 nm', Tanaka et
al.” developed a methad for nitrate determination
inn vegetable product, based on reagtion with 2-
sec-buthyl phenal in sulfuric acid and extracted
to toluene. Mitrate iz subsequently extracted to
alkaline solution to form a yellowish color
(sadivm salt of nitro phenal) and then measured
spectrophotemetrically.  Osibanjo and .-ﬂ.ja;.-is
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develaped nitrate determination by spectrophata-
metry wsing 3 4-xylenol as reagent.  Nilration
was cehducted at O °C in %0 % sulfuric acid and
then extracted into woluene, Toluene layer wis
treated by MalOH for color formation. Kawagami
and  lgarashi®  reported spectrophotometric
determination of nitrite using porphyrin,  Water-
sluble porplivrin having the aminophenyl group,
3,00 20-tetrakiz(4-aminophenvl} porphine, react
with nitrite ion, and produced & large spectral
changed (A = 3.0 2 107 L el e’ ar 434 nmj

Andersen” developed sinultancous determina-
tion of nitrate and nitrite. Nitrate was reduced to
nitrite by cadmium coated on copper and nitrite
formed was reacted with sulfanilic acid and M-
{I-paphthyl cthylens dizmmine). Measurement
wits conducted spectrophotomerrically by fow
injection anaiysis.  Nitrite concentration was
obtzined  withowt reduction  and  nitrate
conceniration  was  calenlated by difference.
Masden' reported the reduction of nitrate to
nitrite or amumaonium, Aluminum, ¢hromium and
titanium reduced nitcete o ammaniem, while
Zing, eadimiom and hydrazine selfase reduced
nilrate to nitrite. Nitrite was then diazotised for
spectrophotemetric determination  of  niteate.
Dietermination of nitrate theough photo-induced
reduction to nitrite was reported by Motomizo
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and Sanada®, The method utilized .an activator,
made of low resistant mercury lamp, to reduce
mitrate to nitrite.  Mitrate solution was injectad
inte buffer carrier and pass through PTEL tubing
coiled around mercury lamp, &nd then followed
by diazotation coupling reaction.

Characterization and reduction of interferences 1n
low injection Analisis for iy sim determination
of niteate and nitrite was reported by Daniel e
al”. Dual wavelength spectrophotometry was
performed to eliminate the refractive index
provoked by heterogeneous flow in FIA and
errors  induced by lemperature, szlimty and
pressure vaciation,

Sequential injection analysis of nitrite and nitrate
was repocted by Oms & ath. Mitrite
determination  was  based on Griess-llosvay
reaction, while nitrate was previcusly reduces by
lydrazine in basic medivm and determined as
niteate,

Nikonorov end Moskin'' utilized 4-jodo-NN-
dimethyl  eniline  for  spectrophotometric
determination of aniling, The rezction is based
on nitrozation of p-halogen derivative of N-M-
dimethyl aniline forming eolored compound.
Turafder and Rathare" reported another method
for determination of nitrite in water.  Mitrite
reacted with p-aminophenyimercepto woetale in
the present of hydrochloric acid to form
diazonium - cation and then followed by M-
linaphthyljethylene diaming dihydrochlaride in
acid medium to form pink weo compaund,

Inn this work, ealored aze compound was formed
by reaction of nitrite with sulfanilic acid and -
Hnaphthyliaming for nitrite determination. Total
nitrate and nitrite was determined by redecing
piteate to mitrite using hydrazine sulfate and
nitrate was calcuiated by difference.

EXPERIMENTAL

Material and Equipment

Al chemical  uwsed (KNO;  MalND;, M-
l{naphthyi)amine, sulfanific  acid, hydrazioe
gulfate) are high purity grade obtained from
Merck.,  KMNO, and NaMNO2 were used for
preparation of nitrate and  nitrite  sclutions.
Spectronic 200 Spectrophotometer (Millen Roy)
wis used for absorbence magsurement,
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Cuolor Develapment

10.0 mb of nitrate salution (stendard or sample)
is pipetted into velumetrie 20 mb volumetric
flask. Then, 1.0 mL of 0,02 mlL hydrazine
sulfate, 10 ml of (.03 g/l CuSOSHD and 1.0
ml af 0.3 malfl MaOH were added into the flask.
The flask was heated o warer bath  at
temperaiure of 43 °C for 60 seconds, 1.0 ml of
0.3 % sulfonilic acid and 1.0 ml of 0.3 % M-
1{naphthyl) amine were added, mix and diluted
to the mark, Absorbance of the colored solution
was then measured at 520 nm after 13 minutes,
The concestrations of the above reagents werne
abtained  after  optimizalion by  varying
concentration of zeh repgent.

Application to Natural Sample

The method obtained  was  applied  for
determination of nitrate and nitrite concentration
in naturel water samples.  Recovery of the
micthod was studied by spiking natural samples
with nitrate and nitrite standard solution 1o
coneentration of 102 me/L.

RESULT AND DISCUSSION

Specirum scan of azn colored solution was
performed between 400 1 600 nm. Absorpticn
maximum appearcd at 520 om.  Effect of
hydrazine sulfate concentration as reducing agen:
was studied [or by varying the concentration
from 0 to 0.05 mel/L. The study was conducted
for both nitrzte and nitrite. The results were
showed in Figure 1.
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Figure [. Effect of hydrazing sulfate concentration on
absosbance signal of nitrete () and pitrite (&L
Witrate and pitite concentration was 010 gL,

CuSiy  copcentration  was 003 2L, MalH
concentration was 030 moll.  Sulfanilic acid
concentration  was U8 ¥ Maphthyl  amine

eoncenteation was 0.6 %, Temperntuee wag 35 °C and
reducing tirne was 30 5
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Figure | shows that absorption signal increase by
increasing hydrazine concentration and level off
beyand 0,03 melL. At higher concentration,
excess hydrazine sulfate might reduce nitrite
further to nitregen and reduced absorption signal
It can alsa be seen that absorption signal of
nitrite alone in the presence of Iivdrazine sulfate
was  slightly  reduced.  Hydrazing  sulfate
concentraticn of 003 mell. was chosen as
optimiim soncealration.

Effect of CnS0y concentiation, used as catalyst
during reduction process, was studied by varving
from 0.01 = 0.05 g CuSO, . 5 H:0M., The rosult
is shown in Figure 2.
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Figure 2, Effect of CuBly concentration in catalyzing
nitrate  paduction by hydrozine  sulfate. Mitrae
concenteation was 000 mel, hyvdresine  selfate
concentiation was 003 molL, WNeOH concentration
wis L3 molL, sullanibic send concentration was 0.8
%  naphthyl aminc  concentsation  was G %,
temperziure wos 35 °C, and reducing thne wis 50 5

Figure 2 shows that CuSOy concentration of 0.03
wlL pave highest signal and was chosen as
oplitum concentration m the method. At higher
concentration, Cu3SCy formed precipitate with
tvaCH, since reduction took place in basic
medivm, and  further affected  azo  color
formation.

MalH was vsed to adjust basic condition of

reduction process.  The effect of NaOH
concentration  was  studied by varving  the

concettration from 0 to 0.7 mol/L. The resuli =
shown in Figure 3, Absorption increased as
MaH concentration inerepse up 1o 0.5 malfL.
Absomption signal decreased ai higher NaOH
concentration becavse MaOH would affect the
nexl azotation reaction that ook place in acidic
meditm, MoOH concenteztion of 0.3 mol/L was
selected as optimum concentration.
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Figure 3.  Effect of MalH concentration on
dbsorption signal,  Mitkate concentration was 0,10
mg'l, Cul0y concentraticny was 0L03 /L. hvdrazine
sullute concentration was 0,03 mol/L, sclfunilic acid
concentration was 08 %%, naphthyl  amine
concentration was 0.6 %, lemperature was 35 °C and
reduchion timse was 30 5.

Elfect of temperature of reduction process on
abgorption  signal  was  studied by varvine
temperature from room empetature (25 *C) o 60
"C either for nitrate or nitrite, The results are
shown in Figure 4.
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Figure 4. Effect ol emperaturs on abserpiion signal
of nitrate (M) and nitrite (&), Nitrate and oitrite
concentration  was 0010 mp'L., hydrazine  sulface
concentration was 003 moll, CaS0, eoncenimalion
wis 0,00 L. MNaDH concenirazion was 0.5 maokL,
sulfanilic acid concentration was 0.6 9%, nophihyl
amine concemieation was 0.5 %, and redeciion cime
was 30 g,

Absorption  signal  of  aitrate  increased by
increasing temperaturs from 25 1o 45 °C, Al
higher temperatuie, the  absorption  signal
decreased, since nitrite was reduced ta nitrogen
b higher temperatere.  Miteite signal however
wag slightly reduced at temperature between 25
Coto 45 "0, Temperature of 43 "C was selected
fur optimum reduction process.
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Effect aof soaking time was studied by varying
from 0 to 90 5. The result 15 shown in Figure 3.
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Figure 5. Effect of sozking me during reduction
process on absorption  signal. (&) Mitralz
concentzation was 000 mgL., bedeasine  solfus
conceniraticn was 0,053 malfl, Cus0, ecnecntration
wiks 0LU3 /L. MalH cencentration was 0.3 maliL,
sulfamibie acid conceniration was 08 %, nuphthyl
amine  concenteation  was LA %, and  reduction
Lemperature was 43 "C.

11 can be scen from Figure 2 that optimum signal
waos obieined at 60 5. Sooking time longer that
00 s might reduce nitrite further to nitrogen 5o
that sbsarption signal decreased.

Effect of sulfamilic acid concentration  in
formation of colored wee compound was studied
by varying Lhe concentration from 0.1 to 0.6 %.
The result is shown in Figure 6. Figure 6 shows
that aptimum concentration of sulfanilic ncid was
0.3 %o
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Figure & Effect ol seltanilic acid on absorption
signal,  Milre  concemimation wes .10 madl.,
beedrnzine  sulfate  copcemention  wis 003 molL.
Cusdly conceniration wis 0.03 o/L, HC] concentration
was & Y, naphily amine concentralion was 0.6 %,
reduction temperatere was 45 °C and reduction
temiperatuee was <5 %,

The effect of HCI concentration during color
formaticn process was studied by varying FICL
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cuncentration from 2 ta 12 % (W), The result is
shown in Figure 7. 1t can be secn from Figure 7
that optimum concentration of HC was 6 % wiv,
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Figure 7. Effecr of HC concentration during color
formntion on absorplion signal.  Hydrzzine sulfate
concentration was 0,03 mel’L, Cus0h conceniration
wis §.03 o/l sulfacilic aoid consentration was 0.3 %,
wiphtlyl amine concentration was 0.6 3%, redustion
lemiperature was 45 °C and redection temperature was

45°C

Effect of NW-l-naphthy] amine concentration on
calor fermaticn was studied by varying the
cacentration from O te 000 %, The cesull is
shown in Fipure 8. Optimutn concentration of
N-T-naphthy! amine was found at 0.3 %,
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Figure B. Effect of M- f-naphihyl amine concentration
on abscrpeion signal, Flydrazing sulfate conceniration
wits 0.05 mal/l., CuSCy conventration was 0.03 gl
HCD concentration  was 6 %, sulfacilic azid
zoncentration was 0.3 %, reduction temperature was
43 °C and reduetion 1emperature was 43 °C

The result of color stabifity stedy for both nitrate
and nitrite are shown in Figure 9. [t can be seen
trom Figure 9 that the azo color was stable for 3
hours.

Al optimum conditions, calibration curves were
- H = i
lingar up to concentration of 0.08 ma/L, with
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al D8IT Tor npiteare and 0005 [or niteite.
Cetection himits of the methed evaluated Trom
calibration curve for 3o were (b7 mg'l for
mitrate and 0.2 mgfl. for nitrite.
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Figuee 9. Mariation of absorpton signal of nitsite
(B and nitrite (&% versus time. All poramelers wene
the same as praviously mesiioned,

The developed  wmethod was  wtilized  for
determination of aivate and nitrite o peoal watere
lor fishery. The reselt found was 0.021 meL Tor
pitrate and 0.0082 mgL for nitcite.  Relative
standard  deviations  for six replications  of
delermination were 1.68 % for nitrate and 1.36 %
for mivite. Becovery of the method was studied
by spiking water sample with 0.02 mp/L standard
nitrzie and niteise, The results oblained are 101.2
%o Tor nitrate and 1057 % for nitrite.

CONCLUSION

Mitgate  and  niteite  concentralion  esn  be
determined  spectrophotometrically  through
iatrite azelialion reaction nnd using hydrazine as
reducing agent.  The best redoction conditions
were gbtained al hydrazine concentration of 0.03
ml/L, CuS0y.5H:0 concentration of .03 g/l. and
MadH concentration af 0.5 mol/L, heated at 45
T ofor 60 second. Azelalion seaction wis
aptimam at- sulfanilic concentration of 0.3 %,
Fidl concentration of & %, naphthy] amine
concentration of 0.3 %, Maximum absarbance
wits obtained at 320 nm and eolor was stabile for
3 Lowrs,  Relative standard deviations for six
replicntions were 1,68 % for nitrate and 136 %4
lor nilezte.  Detection limits of the method were
0002 mg!l, for N-NO; and 00067 mg'L for -
MCh.  Recoveries oblained by spike samples
were [01.2 % for nitrate and 105.7 %4 for nitrile.
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