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Foreword 

IS0 (the International  Organization for Standardization)  is a worldwide 
federation of national  standards bodies (IS0 member bodies).  The work 
of preparing International  Standards is normal ly carried out through IS0 
technical  committees.  Each member body interested in a subject for 
which a technical  committee has been establ ished has the right to be 
represented on that committee.  International  organizations,  governmental  
and non-governmental ,  in l iaison wi th ISO,  also take part in the work.  IS0 
col laborates closely wi th the international  Electrotechnical  Commission 
(IEC)  on al l  matters of electrotechnical  standardization.  

Draft International  Standards adopted by the technical  committees are 
ci rculated to the member bodies for voting.  Publ ication as an International  
Standard requires approval  by at least 75 % of the member bodies casting 
a vote.  

International  Standard IS0 1 3395 was prepared by Technical  Committee 
lSO/TC 1 47,  Water quaky,  Subcommittee SC 2,  Physical ,  chemical ,  
biochemical  methods.  

Annexes A,  B,  C and D of this International  Standard are for information 
only.  
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I ntroduction 

Methods using flow analysis enable wet chemistry procedures to be 
automati zed and are particularly sui table for the processing of many 
analytes in  water in  large series of samples at a high  analysis frequency 
(up to 1 00 samples per hour) .  

A di fferentiation is made between flow injection analysis (FIA)  ttj t21  and 
continuous flow analysis (CFA)t31 .  Both  methods share the feature of an  
automatic dosage of the sample into a flow system (mani fold)  where the 
analytes in  the sample wi l l  react wi th  the reagent solutions on  thei r way 
through the mani fold.  The sample preparation may be integrated in  the 
mani fold.  The reaction product is measured in  a flow detector (e.g.  flow 
photometer) .  
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Water qual i ty - Qetermination of ni tri te ni trogen and 
ni trate ni trogen and the sum of both by flow analysis 
(CFA and FIA)  and spectrometric detection 

1  Scope 

This International  Standard speci fies a method for the 

determination of ni tri te(N)  (see note 2).  ni trate(N)  or 

the sum of both [ni tri te/nitrate(N)],  in various types 

of waters (such as ground,  drinking,  surface,  and 

waste waters)  in mass concentrations ranging from 

0,Ol  mg/l  to 1  mg/l  for ni tri te(N)  and from 0,2 mg/l  to 

20 mg/l  for ni tri te/ni trate(N),  both in the undi luted 

sample.  The range of appl ication can be changed by 

varying the operating condi tions.  

NOTES 

1  Seawater may be analysed wi th  changes in respect to 

sensi tivi ty and adaptation of the carrier solution and cal i -  

bration solutions to the sal ini ty of the samples.  

2 The fol lowing concise terms are used in the text of this 

International  Standard:  

ni tri te(N):  

ni trate(N):  

ni tri te/ni trate(N):  

(mass concentration of)  ni tri te,  

expressed as ni trogen 

(mass concentration of)  ni trate,  

expressed as ni trogen 

(mass concentration of)  the sum 

of ni tri te(N)  and ni trate(N)  

2 Normative references 

The fol lowing standards contain provisions which,  

through reference in this text,  consti tute provisions 

of this International  Standard.  At the time of publ i -  

cation,  the edi tions indicated were val id.  Al l  standards 

are subject to revision,  and parties to agreements 

based on this International  Standard are encouraged 

to investigate the possibi l i ty of applying the most re- 
cent edi tions of the standards indicated below.  

Members of IEC and IS0 maintain registers of cur- 

rently val id International  Standards.  

IS0 3696:  1 987,  Water for analytical  laboratory use - 

Speci fication and test methods.  

IS0 5667-l  :1 980,  Water qual i ty - Sampl ing - 

Part 7:  Guidance on the design of sampl ing pro- 

grammes.  

IS0 5667-2:1 991 ,  Water qual i ty - Sampl ing - 

Part 2:  Guidance on sampl ing techniques.  

IS0 5667-3:1 994,  Water qual i ty - Sampl ing - 

Part 3:  Guidance on the preservation and handl ing of 

samples.  

IS0 6777:1 984,  Water qual i ty - Determination of ni- 

tri te - Molecular absorption spectrometric method.  

3 Principle 

3.1  Sum of ni tri te(N)  and ni trate(N),  

ni tri te/ni trate(N)  

With flow injection analysis (FIA),  the sample is fed 

into a continuously flowing buffer solution (carrier 

stream)  by means of an  injection valve,  or,  wi th  con-  

tinuous flow analysis (CFA)  being appl ied,  i t i s con- 

tinuously mixed wi th this buffer solution.  Ni trate in the 

sample is reduced wi th metal l ic cadmium to 

ni tri tet41 .  Then,  a phosphoric acid reagent solution 

that is also flowing continuously is admixed.  Ni tri te 

that is ini tial ly present and ni tri te resul ting from the 

reduction of ni trate wi l l  diazotize sul fani lamide in acid 

solution to the diazonium sal t which is then coupled 

wi th N-(I -naphthyl lethylenediamine to form a red dye 
El  [61 1 71 .  

Waste containing cadmium in l iquid or sol id form shal l  

be removed appropriately.  
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3.2 Ni tri te(N)  

Ni tri te(N)  is determined,  omi tting the cadmium re-  

duction,  di rectly by the above-mentioned diazotization 

and coupl ing reactionts!  The chemical  reactions of 

the ni tri te are identical  wi th  those in the manual  pro-  

cedure (see IS0 6777) .  

4. 1 1  Polyethyleneglycol  dodecyl  ether 

[HO -  (O-&H,  -  O) ,  -  C,&, l ,  surfactant,  

1 9 =  33 “C to 41  “C,  solution,  w = 30 %.  

The solution is stable for approximately 4 weeks.  

3.3 Ni trate(N)  

The mass concentration of ni trate(N)  is given by the 

di fference:  ni tri te/ni trate(N)  -  ni tri te(N).  

4. 1 2 Cadmium granulate (Cd) ,  grain size,  for 

example 0,3 mm to 1 ,5 mm (a minimum reduction 

capaci ty of 90 % shal l  be reached;  see 5. 1  and 5.2) .  

4. 1 3 lmidazole stock solution,  c = 0,25 mol/l .  

4 Reagents 

I f not stated otherwise,  only reagents of recognized 

analytical  grade and water according to grade 1  of 

IS0 3696 shal l  be used.  The blank value of the re-  

agents shal l  be checked regularly (see 9.3) .  

4. 1  Phosphoric acid (HsPO, ) ,  p = 1 .71  g/ml .  

4.2 Sul fani lamide (4-aminobenzenesul fonamide,  

C,H,N,O,S) .  

Dissolve,  in a beaker of nominal  capaci ty 1  l i tre,  

1 7,0 g  of imidazole (4.6)  in approximately 900 ml  of 

water.  

Whi le sti rring wi th  a magnetic sti rrer,  add hydrochloric 

acid I  (4.7)  and adjust,  wi th  the help of a pH electrode,  

the pH to 7.5.  

Transfer to a volumetric flask,  of nominal  capaci ty 
1  000 ml ,  and di lute to volume wi th water.  

The solution is stable for 4 weeks i f kept in a brown 

glass bottle at room temperature.  

4.3 /V-(1 -naphthyl )ethylenediaminedihydrochloride 

[N-(1  -naphthyl ) -1 ,2-diaminoethanedihydrochloride) ,  

W,&W~ 

4.4 Sodium ni tri te (NaNO, ) ,  dried to constant mass 

at,  for example,  1 50 “C.  

4. 1 4 Buffer solution.  

Mix 1 00 ml  of the imidazole stock solution (4. 1 3)  wi th  

1 00 ~1  of copper sul fate solution I  (4.9) .  

Prepare the solution freshly before use.  

4.5 Potassium ni trate (KNO, ) ,  dried to constant 

mass at,  for example,  1 50 “C.  

4.6 lmidazole (C,H,N, ) ,  for synthesis,  or al terna- 

tively ammonium chloride (NH,CI ) ,  dried to constant 

mass at 1 05 “C (see note 3) .  

NOTE 3 Al ternatively an  ammonium buffer solution can 
be used,  for example:  

85 g  of ammonium chloride (NH,CI )  should be dissolved in 
water and di luted to a volume of 1  000 ml ,  and the pH 
should be adjusted to approximately 75 

4.7 Hydrochloric acid I  (HCI )  concentrated,  

w = 37 %.  

4. 1 5 Carrier or di lution solutions,  C and B in fig-  

ures A. l ,  B. l  and C. l .  

4.8 Hydrochloric acid I I ,  c(HCI )  = 1  mol /l .  
Table 1  shows some wel l -known options for preparing 

these solutions.  

4.9 Copper sul fate solution I ,  

p(CuSO, .5H,O)  = 2,5 g/l ;  this solution is stable.  

4. 1 0 Copper sul fate solution I I ,  

p(CuSO, .5H,O)  = 20 g/l ;  this solution is stable.  

Prepare the solutions,  containing the surfactant 

(4. 1 1 1 ,  freshly before use.  

Prior to use,  solutions C and B for FIA shal l  be 

degassed,  for example by membrane fi l tration (vac-  

uum) .  
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1  rable 1  -  Options for preparing the solutions C 

and B in  figures A. l ,  B. l  and C. l  

Method  Parameter Content  of Content  of 

solution  C soluti on B 

i see figures (see figures 
A. l ,  B. l  and A. 1 ,  B. l  and 

C. 1 )  C. 1 )  

FIA Ni tri te Water WaterI )  

Buffer (4. 1 4) ‘)  

No solution Bl )  

CFA 

Ni tri telni tratc Buffer (4. 1 4)  Buffer (4. 1 4)  

Ni tri te “C” i s not Waterl ) ,2)  
necessary Buffer 

(4. 1 4) ‘) ,2)  

No solution 
Bl ) ,Z)  

Ni tri te/&rat6 
“C” is not 
necessary 

Buffer (4. 1 41 2)  

also be made separately and dosed into the equipment by 
di fferent l ines.  

1 )  Three di fferent al ternatives 

2)  I f,  i n  the case of CFA,  water or buffer (4. 1 4)  i s used 
as solution B and 1  ml  of surfactant (4. 1  I )  per 1  l i tre of 
solution is added.  I f solution B is omi tted,  the surfactant 
(4. 1 1 )  has to be added to the reagent solution RI  (4. 1 7,  
see figures A. 1 ,  B. l  and C. l ) .  

4. 1 6 Buffered copper sul fate solution.  

Mix 20 ml  of the copper sul fate solution I I  (4. 1 0)  and 

20 ml  of the imidazole stock solution (4. 1 3)  in  a 

beaker of nominal  capaci ty 50 ml .  

Prepare the solution freshly before use.  

4. 1 7 Reagent solution,  RI  (in figures A. l ,  B. l  and 

C. 1 ) .  

Dissolve,  in a volumetric flask of nominal  capaci ty 

500 ml ,  5 g  of sul fani lamide (4.2) ,  0,5 g  of 

N-(I -naphthyl )ethylenediaminedihydrochloride (4.3)  in  

water,  add 50 ml  of phosphoric acid (4. 1 1 ,  and di lute 

to volume.  

Stored in  a brown glass bottle,  the solution is stable 

for at least one week.  

NOTE 4 For the preparation of this reagent solution,  
hydrochloric acid (4.7,  4.8)  may be used instead of 
phosphoric acid,  provided equivalent performance charac-  
teristics are obtained.  The solutions of sul fani lamide (4.2)  
and N(l -naphthyl )ethylenediaminedihydrochloride (4.3)  can  

Prior to use,  solution RI  for FIA shal l  be degassed,  for 

example by membrane fi l tration (vacuum) .  

4. 1 8 Ni tri te(N)  stock solution,  pN = 1 00 mg/l .  

Dissolve 492,6 mg  of sodium ni tri te (4.4)  in  water,  i n  

a volumetric flask of nominal  capaci ty 1  000 ml ,  and 

di lute to volume.  

This solution is stable for at least 2 weeks i f kept i n  

a stoppered glass bottle at 4 “C.  

4. 1 9 Ni tri te(N)  solution I ,  PN  = 20 mg/l  

Pipette 20 ml  of the stock solution (4. 1 8)  i nto a 

volumetric flask of nominal  capaci ty 1 00 ml ,  and di lute 

to volume wi th  water.  

Prepare the solution freshly before use.  

4.20 Ni tri te(N)  solution I I ,  &, ,  =  1  mg/l .  

Pipette 1  ml  of the stock solution (4. 1 8)  i nto a 

volumetric flask of nominal  capaci ty 1 00 ml ,  and di lute 

to volume wi th  water.  

Prepare the solution freshly before use.  

4.21  Ni trate(N)  solution I ,  PN  = 200 mg/l .  

Dissolve 1 44,4 mg  of potassium ni trate (4.5)  in  water,  

i n  a volumetric flask of nominal  capaci ty 1 00 ml ,  and 

di lute to volume.  

The solution is stable for at least 1  month  

4.22 Ni trate(N)  solution I I ,  &, ,  = 20 mg/l  

Pipette 1 0 ml  of the ni trate solution I  (4.21 )  i nto a 

volumetric flask of nominal  capaci ty 1 00 ml ,  and di lute 

to volume wi th  water.  

Prepare the solution freshly before use.  

4.23 Cal ibration solutions 

The cal ibration solutions are prepared by di luting the 

respective solutions described in  4. 1 9 to 4.22.  These 

solutions may be used in  any combination for the 

preparation of cal ibration solutions for the determi -  

nation of ni tri te(N),  ni tri te/ni trate(N)  or ni trate(N) .  At 

least five cal ibration standards per working range are 
recommended.  

The fol lowing working ranges are provided:  

3  
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Proceed,  for example,  as recommended in  tables 2 

and 3  (i f 1 0 standards are used) .  
For ni tri te(N):  Working range I I :  

0,Ol  mg/l  to 0. 1  mg/l  

Working range I :  0, l  mg/l  

to I ,0 mg/l  
Al l  cal ibration solutions shal l  be prepared immediately 

before measurement.  

For ni tri te/ni trate(N):  Working range I I :  
0.2 mg/l  to 2 mg/l  

Working range I :  2 mg/l  to 

20 mg/l  

Table 2 -  Preparation of the cal ibration solutions for ni tri te(N)  

1  Volume of ni tri te(N)  1  Volume of ni tri te(N)  

Ni tri te(N)  concentrati on  
solution  I I  (4.20)  Ni tri te(N)  solution  I  (4. 1 9)  

di l uted wi th  water concentrati on  di l uted wi th  water 

to 1 00  ml  to 200 ml  

w/l  ml  w/l  ml  

0,Ol  1  081  1  

0. 02 2  02 2 

0. 03 I  3 I  0,3 I  3 

I  0,4 

0, 05 5  1  0.5 1  5 

0, 06 6  0,6 6  

0, 07 7 0,7 7  

0. 08 8  03 8 

0. 09 9  o, g  9  

0, lO I  IO I  I , 0 I  1 0  

Table 3 -  Preparation of the cal ibration solutions for ni tri te/ni trate(N)  

Volume of ni trate(N)  Vol ume of 

soluti on I I  (4.22)  Ni trate(N)  ni trate(N)  soluti on  I  

di l uted wi th  water concentration  (4.21 )  di l uted wi th  

to 1 00  ml  water to 1 00  ml  

ml  msl l  ml  

Ni trate(N)  concentration  

m/l  

1  2  1  

2  4  2  

02 

0,4 

03 3 6 3  

4 8  4  W 

1 .0 5 1 0  5  

1 2 6 1 2  6  

1 , 4 1 4 I  
I ,6 

1 .8 9  1 8  9  

IO 20  IO 2,o 
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