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FrameworkFramework
 The growth of global awareness about the importance of monitoring The growth of global awareness about the importance of monitoring 
water bodies in order to protect water quality has led to search for water bodies in order to protect water quality has led to search for 

fast, automatic and reliable methods of parameters determination.fast, automatic and reliable methods of parameters determination.

 Sequential Injection Analysis (SIA)Sequential Injection Analysis (SIA)

 Robustness and versatility Robustness and versatility -- potential for multi determinationspotential for multi determinations

 Low consumption of reagents and sample along with low Low consumption of reagents and sample along with low 

production of effluentsproduction of effluents

 High degree of automationHigh degree of automation

 Monitoring nitrate and nitrite level in estuarine waters aims to Monitoring nitrate and nitrite level in estuarine waters aims to 

control the possible contamination by the excess of fertilizers which control the possible contamination by the excess of fertilizers which 

can result in the can result in the eutrophication of the water body eutrophication of the water body –– application to application to 
three estuaries in northern Portugal.three estuaries in northern Portugal.

Estuaries water from 3 Portuguese riversEstuaries water from 3 Portuguese rivers
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ResultsResults

Manifold and operation conditionsManifold and operation conditions

Features of the SIA methodologyFeatures of the SIA methodology
 Typical calibration curves (7 curves):Typical calibration curves (7 curves):
 nitrite: Abs = 0.0471 nitrite: Abs = 0.0471  0.0026 [NO0.0026 [NO22

--] + 6E] + 6E--04 04  8.8E8.8E--0303
 nitrate: Abs = 0.00332 nitrate: Abs = 0.00332  0.00032 [NO0.00032 [NO33

--] + 7.81E] + 7.81E--02 02  1.96E1.96E--0202
 Limit of detection (LOD) and quantification (LOQ)Limit of detection (LOD) and quantification (LOQ)
 nitrite: LOD = 0.12 µM; LOQ = 0.39 µMnitrite: LOD = 0.12 µM; LOQ = 0.39 µM
 nitrate: LOD = 4.3 µM; LOQ = 14.2 µMnitrate: LOD = 4.3 µM; LOQ = 14.2 µM

PP –– peristalticperistaltic pumppump;; SVSV –– selectionselection valvevalve;;  –– spectrophotometerspectrophotometer atat 543543 nmnm;; HCHC ––
holdingholding coilcoil ((3030 cm)cm);; ColCol.. –– cadmiumcadmium columncolumn;; RRii –– reactorsreactors;; CRCR –– colourcolour reagentreagent
(sulphanilamide(sulphanilamide 2020 g/L,g/L, NN11NEDNED 22 g/Lg/L inin HH33POPO44 11..55 MM ));; SS –– samplesample oror standardstandard;;
EDTAEDTA –– conditionerconditioner (EDTA(EDTA 00..5555 g/Lg/L withwith NHNH44ClCl 2121 g/L)g/L);; WW –– wastewaste..

Protocol sequenceProtocol sequence
SStteepp  

SSVV  
ppoossiittiioonn  

TTiimmee  
((ss))  

PPuummpp  
ssppeeeedd  

PPuummpp  
ddiirreeccttiioonn  

VVoolluummee  
((µµLL))  DDeessccrriippttiioonn  

AA  44  44..55  3300  aa  221144  AAssppiirraattiioonn  ooff  ccoonnddiittiioonneerr  ((EEDDTTAA))  

BB  22  22..55  3300  aa  111199  AAssppiirraattiioonn  ooff  ssaammppllee//ssttaannddaarrdd  

CC  44  1100  1100  bb  114488  PPrrooppeelllliinngg  ttoo  ccoolluummnn  ffoorr  rreedduuccttiioonn  

DD  88  44  4400  bb  224433  PPrrooppeelllliinngg  ttoo  wwaassttee  ttoo  wwaasshh  hhoollddiinngg  ccooiill  

EE  11  99  4400  aa  554488  AAssppiirraattiioonn  ooff  ccoolloouurr  rreeaaggeenntt  

FF  22  99..22  4400  aa  556600  AAssppiirraattiioonn  ooff  ssaammppllee//ssttaannddaarrdd  

GG  33  5555  4400  bb  22880000  
PPrrooppeelllliinngg  ttoo  ddeetteeccttoorr,,  mmiixxttuurree  ooff  

rreeaaggeenntt  aanndd  ssaammppllee  aanndd  mmeeaassuurreemmeenntt  
((nniittrriittee  ddeetteerrmmiinnaattiioonn))  

HH  44  33  1100  aa  4444  AAssppiirraattiioonn  ffoorr  pprreeppaarraattiioonn  ooff  tthhee  ppoorrtt   

II  88  22  4400  bb  112222  PPrrooppeelllliinngg  ttoo  wwaassttee  ttoo  wwaasshh  hhoollddiinngg  ccooiill  

JJ  11  55  4400  aa  330044  AAssppiirraattiioonn  ooff  ccoolloouurr  rreeaaggeenntt  

LL  44  33..44  2200  aa  110022  AAssppiirraattiioonn  ooff  rreedduucceedd  ssaammppllee//ssttaannddaarrdd  

MM  55  4455  4400  bb  22773388  
PPrrooppeelllliinngg  ttoo  ddeetteeccttoorr,,  mmiixxttuurree  ooff  

rreeaaggeenntt  aanndd  ssaammppllee  aanndd  mmeeaassuurreemmeenntt  
((nniittrriittee  ++  nniittrraattee  ddeetteerrmmiinnaattiioonn))  

NN  44  55  3300  aa  223388  
AAssppiirraattiioonn  ooff  ccoonnddiittiioonneerr  ((EEDDTTAA))  ttoo  

wwaasshh  tthhee  ccoolluummnn  

OO  88  55  4400  bb  330044  PPrrooppeelllliinngg  ttoo  wwaassttee  ttoo  wwaasshh  hhoollddiinngg  ccooiill  
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Sampling conditions, determinations in situ

River Location Code Time 
(h:m)

pH T 
(ºC)

G 
(mS/cm)

Salinity 
(ppt)

Ave 3 RA3 - 8.60 - 0.47 < 2
1 RC1 12:15 7.67 18.5 15.2 10.0
2 RC2 11:15 6.87 20.4 2.0 < 2
3 RC3 13:15 7.19 21.5 0.72 < 2
1 RD1 12:15 8.16 21.1 29.2 18.4
2 RD2 11:15 8.30 21.6 29.2 18.0
3 RD3 10:15 7.90 22.6 22.7 6.8

Cávado

Douro

ComparisonComparison betweenbetween thethe
resultsresults obtainedobtained withwith thethe
developeddeveloped SIASIA methodologymethodology
andand withwith thethe referencereference
procedureprocedure (a(a colorimetriccolorimetric
determination)determination)..

ApplicationApplication toto thethe monitorisationmonitorisation ofof nitritesnitrites andand nitratesnitrates levellevel inin thethe
mentionedmentioned estuariesestuaries water,water, withwith directdirect introductionintroduction ofof thethe samplesample..

Sampling 
date

River 
/location

Sample 
ID

11-07-2008 Ave 3 RA3 4.91  0.16 241  7 236 7
Cávado 1 RC1 0.66  0.02 55.0  0.5 54.4 0.5
Cávado 2 RC2 1.47  0.01 76.5  4.1 75.1 4.1
Cávado 3 RC3 1.60  0.19 106  2.4 105 2
Douro 1 RD1 <LOQ - 122  9 122 9
Douro 2 RD2 0.70  0.04 122  5 121 5
Douro 3 RD3 0.88  0.05 308  5 307 5
Douro 1 RD1' 0.68  0.08 48.0  7.6 47.3 7.5
Douro 2 RD2' 1.28  0.00 62.2  0.5 60.9 0.5
Douro 3 RD3' 2.57  0.02 71.1  1.5 68.5 1.5

Nitrate + nitrite 
(M ± SD)

Nitrate      
(M ± SD)

10-07-2008

24-07-2008

06-05-2008

Nitrite      
(M SD)

 BothBoth thethe valuesvalues ofof
nitritenitrite andand nitratenitrate
increaseincrease byby movingmoving upup
riverriver..

 GriessGriess reactionreaction forfor
determinationdetermination ofof nitritenitrite
andand reductionreduction ofof nitratenitrate
toto nitritenitrite withwith cadmiumcadmium
columncolumn..

 FlowFlow cellcell ofof 22 cmcm
opticaloptical pathpath forfor nitritenitrite
determinationdetermination andand ofof 11
cmcm opticaloptical pathpath forfor
nitrate+nitritenitrate+nitrite
determinationdetermination..
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(M)
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SIA = 9.71x10-1±0.0504 Ref. Met. + 6.14x10-2±0.0900


