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Warning to users

The analytical procedures given in this booklet should
only be carried out by competent trained persons, with
adequate supervision when necessary. Local Safety

tamination, or administration of the correct antidote
can save life; but that incorrect treatment can make
mattersworse. It is suggested that both supervisors and
operatorsbe familiar with emergency procedures before starting even a slightly hazardous operation, and
that doctors consulted after any accident involving
chemical contamination, ingestion, or inhalation, be
madefamiliar with the chemical natureofthe injury, as
some chemical injuries require specialist treatmentnot
normallyencounteredbymostdoctors.Similar warning
should be given if a biological or radio-chemical injury
is suspected. Somevery unusualparasites,viruses and
other micro-organisms are occasionallyencounteredin
samples and when sampling in the field. In the latter
case, all equipment including footwear should be
disinfected by appropriatemethods if contamination is
suspected.

There are numerous handbooks on first aid and

The best safeguard is a thorough consideration of
hazards and the consequent safety precautions and
remedies well in advance. Without intending to give a
complete checklist, points that experience has shown
are often forgotten include: laboratorytidiness, stray
radiationleaks (including ultra violet), use of correct
protective clothing and goggles, removal of toxic fumes
and wastes, containment in the event of breakage,
access to taps, escape routes, and the accessibility of
the correct and properly maintained first-aid, firefighting, and rescue equipment. Ifindoubt, it is saferto
assume that the hazard may exist and take reasonable
precautions, ratherthan to assume that no hazardexists
until proved otherwise.

Regulations must be observed. Laboratory procedures
should be carried out only in properly equipped
laboratories. Field operations should be conducted
with dueregard to possible local hazards, and portable
safety equipment should be carried. Care should be
taken against creating hazards. Loneworking, whether
in the laboratory or field, should be discouraged.
Reagents of adequate purity must be used, along with
properly maintained apparatus and equipment of correct specifications. Specifications for reagents, apparatus and equipment are given in manufacturers' catalogues and various published standards. If contamination is suspected, reagent purity should be checked
before use.

laboratory safety. Among such publications are: 'Code
of Practice for Chemical Laboratories' and 'Hazardsin
the Chemical Laboratory'issued by the Royal Society
of Chemistry, London; and 'Safety in Biological
Laboratories' (Editors Hartree and Booth), Biochemical SocietySpecial Publication No 5, The Biochemical Society, London,which includes biologicalhazards.

Where the Committee have considered that a special
unusual hazard exists, attentionhas been drawn to this
in the text so that additional care might be taken
beyond that which should be exercised at all times
when carrying out analytical procedures. It cannot be
too strongly emphasised that prompt first aid, decon-

© Crown copyright 1982
Firstpublished 1982
ISBN0 11 751593 0
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About this series

This booklet is part of a series intended to provide
recommended methodsfor the determination of water
quality. In addition, the series containsshortreviews of
the more important analytical techniques ofinterest to
the water and sewage industries. In the past, the
Departmentof the Environment and its predecessors,
in collaboration with various learned societies, have
issued volumes of methods for the analysisofwater and
sewage culminating in 'Analysis of Raw, Potable and
Waste Waters'. These volumes inevitably took some
years toprepare, so that they were often partially out of
date before they appeared in print. The presentseries
will be published as individual methods, thus allowing
for the replacement or addition of methodsas quickly
as possible withoutneedofwaiting forthe nextedition.
The rate of publication will also be related to the
urgency of requirement for that particular method,
tentative methods being issued when necessary. The
aim is to provide as complete and up to date a
collection of methods and reviews as is practicable,
which will, as far as possible, take into account the
analytical facilities available in different parts of the
Kingdom, and the quality criteria of interest to those
responsible for the various aspects of the water cycle.
Because both needs and equipment vary widely, where
necessary, a selection of methods may be recommended for a single determinand. It will be the
responsibility of the users — the senior analytical
chemist, biologist, bacteriologist etc, to decide which of
these methods to use for the determination in hand.
Whilst attention of the user is drawn to any special
known hazards which may occur with the use of any
particular method, responsibilityforproper supervision
and the provision of safe working conditions must
remain with the user.

The preparation of this series and its continuous
revision is the responsibilityofthe Standing Committee
of Analysts (to review Standard Methods for Quality
Controlof the Water Cycle). The Standing Committee

of Analysts is one of the joint technical conunittees of

the Departmentof the Environment and the National
Water Council. It has nine Working Groups, each
responsible for one section or aspect of water cycle
quality analysis. They are as follows:
1.0 Generalprinciples of sampling and accuracy of
results
2.0 Instrumentation and on-line analysis
3.0 Empirical and physical methods
4.0 Metals and metalloids
5.0 General nonmetallic substances
6.0 Organic impurities
7.0 Biological methods
8.0 Sludge and other solids analysis
9.0 Radiochemical methods
The actual methodsetc are producedby smaller panels
of experts in the appropriatefield, under the overall
supervision of the appropriateworking group and the
main committee. The names of those associated with
this method are listed inside the back cover.
Publication of new or revised methods will be notified

to the technical press, whilst alistof Methods in Print is

given in the current HMSO Sectional Publication List
No 5, and the currentstatus of publication andrevision
will be given in the biennial reports of the Standing
Committee of Analysts.
Whilst an effort is made to prevent errors from
occuring in the published text, a few errors have been
found in booklets in this series. Correction notes for
booklets in this series are given in the Reports of The
Standing Committee of Analysts, published by the
Department of the Environment but sold by the
National Water Council, 1 Queen Anne's Gate, London SW1H 9BT. Should an error be foundaffectingthe
operation of a method, the true sense not being
obvious, or an error in the printed text be discovered
prior to sale, a separate correction note will be issued
for inclusion in the booklet.

TA DICK
Chairman

L R PITFWELL
Secretary

4 December 1980
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General Information

Al

Introduction to the
Methods

A1.1 The term "total oxidized nitrogen" (often abbreviated as TON) is always
understood to meanthe total concentration, in compatible units, of nitrate and nitrite,

since these two ions provide the greatest contribution to TON in most waters.
Other forms of "oxidized nitrogen"— chiefly hydroxylamine — have occasionally
been detectedin some waters, thus making the definition "total oxidized nitrogen"as
defined above not strictly appropriatein suchcases. Hydroxylamineis not detectedby
any of the methods in this booklet except Method B. See a separate method in this
series of publications for specific hydroxylamine determination.
In reportingoxidized nitrogen concentrations, whetherof nitrate,nitriteor TON, the
customary UK practice is to refer to the concentration in terms of the element, N.
This practice is used throughout this booklet and thus satisfies the requirement of
compatibility mentioned above.
Al.2 Since no one method has performance characteristics making it suitable for
application to all types ofsample, several methods are recommended in order to give
full coverage of the requirement to determine oxidized nitrogen at various stagesof
the water cycle. They fall into three groups:
Al.2.1 Methods for total oxidizednitrogen (TON)
Method B uses reduction with Devarda's alloy of nitrate and nitrite to ammonia for
subsequent determination. This long-established method is particularly useful for
TON determination on a sample portion already used for the determination of
ammonia using distillation. Methods C and D are continuous flow methods, both
based on the reduction ofnitrateto nitrite for subsequent colorimetric determination.
Method C uses a cupric ionlhydrazine solution for reduction, while method D,
designed for seawater analysis uses a heterogeneous system with metallic cadmium as
the reducing agent.
Al.2.2 Methods for nitrate
Method E, using visible spectrophotometry, is applicable to a wide rangeof samples
and has good sensitivity. Method F, using direct UV spectrophotometric measurement of nitrate absorption, is simple and precise, but is restricted, by interference
from organic matter, to samples of low organic content or of nitrate concentration
sufficiently high to allow dilution to reduce the interference. Method G, using an
ion-selective electrode, may suffer from inferior precision and accuracy but with care
can be applied to the analysis of raw and potable waters.
MethodsB to D can also be used for the determination of nitrate in samples whose
nitrite concentration is considered to be negligible in relation to the nitrate
concentration or in samples in which the concentration of nitrite has previously been
determined, thus allowing its subtraction from the total oxidized nitrogen concentration. This latter approach may result in poorer precision than direct determination of
nitrate alone.
Determination of nitrate by use of total oxidized nitrogen methods finds extensive
use. For this reason, Table 1 shows a comparison of all six methods, B to G, in terms
of their ability to determine nitrate. From this table, and the performance
characteristics sections of the methods themselves, the analyst can select the most
appropriatemethodfor the sample types requiring analysis.
A1.2.3 Methods for nitrite
Method H is a spectrophotometric method for application to nitrite determination in
raw, potable and some waste waters. A continuous flow version of this method is
described as part of method C. MethodJ describes the determination of nitrite at the
relatively high levels encountered in some industrial effluents and process waters.

°'

TOTAL
Can be performed after
determination of ammonia OXIDIZED N
(on the same sample portion METHOD
by distillation. TOTAL
OXIDIZEDN METHOD

TOTAL
OXIDIZED N
METHOD Low
level range only.

(c)

Totalytical

time.

(a) Tested range — The range of concentrations for whichstandard deviation datahas been obtained.
(b) Upper Range Limit — limit to which the method is known to give linear response.

Comments

Up to 20

Up to 60

1

Time Required for Analysis

(c) Samples per hour

0.2

Limit of Detection mg/l

NITRATEALONE

Interference from
organic matter restricts
sample applicability,
Ideal for underground
waters and as a general
sorting test.
METHOD FOR
NITRATEONLY

10

Upto 6
METHOD FOR

0.03

40

2 mg/i

rapid monitoring.
METHOD FOR
NITRATE ONLY

Relativelypoorprecision.
For use as a sorting test for

Up to 20

0.050.5

1000 mg/l

g in sample aliquot 1000 mg/l

0.003-0.013

25

—

0.0084

—

350

MaximumSample
Aliquot ml

0.2 mg/l

0.01—0.26

40 mg!l

30 mg/l
MaximumConcentration
measurable using Maximum
Sample Aliquot

5 p.g in sample aliquot 80

0.7 mg/l

0.7 mg/i without
prior dilution

prior dilution

40 mg/i without

10 mg in sample aliquot

Upper Range Limit (b)

1—50 (log-linear response)

0.2—10

0.1—9.0

0.0175—0.56

0.02—36

12—40

Tested Range (a)
mg/i NO3 as N

Raw and Potabble

Non-saline, low in
organic matter

All, except saline

Type of Sample

All, except saline

G

All, except saline Saline

F

UV
Ion-SelectiveElectrode
Spectrophotometry
(Direct measurement)

E
Visible
Spectrophotometry
(SulphosalicylicAcid)

D

Continuous Flow ContinousFlow
(Copper!
(Cadmium)
Hydrazine)

C

Reduction/Distillation
(Devarda's Alloy)

B

Comparison of Methods for Total Oxidized Nitrogen and Nitrate

Method

Table 1

A2 StandardSolutions

and Reagents
common to the
methods

AnalyticalGradereagentsshould be usedwheneverpossible.
A2.1 Water
. .
.
.
Distilled deionizedwater is recommended for use in all solutions and reagents
throughout these methods, except where otherwise noted. Its nitrate concentration
must be low in relationto samples, otherwise bias may result.
A2.2 Stock Standard nitrate solution. 1 ml contains 1mg NO3 as N
(notfor method F).
NOTE:The concentration of nitrate here, and in all subsequent references, isgiven in
terms of the element, N.
Dissolve 7.220 ± 0.005g of potassium nitrate (dried at 105° for at least two hours) in
about800 ml ofwaterin a 1 litrecalibrated flask. Add 1.0 ± 0.1 mlofthepreservative
solution (Section A2.5). Make up to volume with water and store the solution in a
stopperedglass bottle. This solution is stable for at least three months.
A2.3 Standardnitrate solution. 1 ml contains 100 pg N. (not for method F).
Pipette 100 ml of stock solution A2.2into a 1 litre calibrated flask. Add 1.0 ± 0.1 ml
qf preservative solution (Section A2.5). Makeup to volume with waterand store in a
stoppered glass bottle. This solution is stable for at least three months.
A2.4 Working Standard nitrate solutions (Not for method F).
The following table details the preparationof working standard solutions which may
be required for calibration of methods. Use pipettes and calibrated flasks for all
dilutions. Add preservative solution (Section A2.5) at a concentration of0.1% V/Vto
all standards,and store them in stoppered glass bottles for up to three months.
Standard
Solution

Volume for Dilution
to 1000 ml
ml

Nitrate concentration
of working standard
mg/i

A2.2
..
..

40
30
20
15

40
30
20

..
..
..

10
8

15
10
8

A2.3

50

5

..
..

40

4

20
10
5

2

..
..

1

0.5

A2.5 Preservation solution
Dissolve 0.1 ± 0.Olg of phenylmercuric acetate in 20 ± 2 ml of methanol. Dilute to
100 ml with water in a measuring cylinder. Store in a stoppered glass bottle.
Note: This reagent is toxic and should be handled accordinglyin its neat form. But
when added at the specified concentration to standards and samples the hazard is
reduced,although the presence ofmercury in such solutions must not be overlooked.
A2.6 Stock StandardNitrite solution. 1 ml contains 100 pg N
Dissolve 0.4922 ± 0.0002gof sodium nitrite (dried at 105°C for at least two hours) in
about800 ml ofwater in a 1 litre calibrated flask. Make up to volume with waterand
store the solution in an amber glass bottle. This solution is stable for at least one
month.
A2.7 Standard nItritesolution. 1 ml contains 1 pg N

Pipette 10 ml ofstock solution A2.6into a 1 litre calibratedflask. Makeup to volume
with water. Prepare this solution freshly as required.
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A3 Sample Collection,

Storageand

Preservation

A3.1 Nitritemay undergo eitherreduction or oxidation with some rapidity in certain
types of sample. It may also be formed either by reduction of nitrate or oxidation of
ammonia. Stringent precautions are necessarywhennitrite is to be determined, when

nitrite is present in significant concentrations or when nitrate alone is to be
determined in the presence of a significant concentration of nitrite.
Samples should be collected in glass bottlesand must be analysed as soon as possible
after collection. Tests should be carried out on each particular sample type to
determine the maximum acceptable delay betweensampling and analysis. No reliable
preservation method is known.
When the nitrite concentration is insignificant,samples may be collected in glass or
hard polyethylene bottlesand should be analysed as soon as possible. When delays in
analysis are inevitable, storage at 4°C may improve stability. Allow the samples to
warm to room temperaturebefore analysis. Preservation may be affected by addition
of sufficient of the preservative solution (Section A2.5) to give an overall
concentration of 0.1% VIV*. Tests have shown that the nitrate concentration of raw
and potable wateris thus stabilised for at least fourweeks. However, tests should be
carried out to verify the stability of other types of sample.
* If the
samples are to be analysed using method F, this form ofpreservation may be
unacceptable because of the interference arising, as exemplified in Part F3. However,
addition of exactly equivalent amounts of the preservation solution to all standards
and samples will allow correction of the interference, although with an increase in the
limit of detection.

Method B

For the Determination of Total Oxidized
Nitrogen using Devarda's Alloy Tentative

Method

Bi

Performance
Bi.1 Substancesdetermined:
Characteristicsofthe
Method
B1.2 Type of Sample:

Nitrate + nitrite

(For further
B1.3 Basis of method:
informationon the
determination and
definition of
performance
characteristics see Ref

Reduction of nitrite and Itrate to ammonia
by Devarda's alloy under alkaline conditions.
Distillation and subsequent determination
of ammonia by titration.

15)

Up to 10 mg of oxidized nitrogen in the
sample aliquot taken. Using the full sample
volume, this is equivalent to 28 mg/i. See

B1.4 Range of application:

Raw, potable & waste water

also Section B9.

B1.5 Standarddeviation (a):

Sample

Type
Solution of
Potassium
Nitrate,
40mg/i
(250 ml
sample).
Final

Total
Standard
Deviation

Degrees of
Freedom

0.27 mg/i

3

0.10mg/i

11

Sewage

Effluent
12 mg/i
(250 ml
sample).
B1.6 Limit of Detection (a):

0.2 mg/i (4 degrees of freedom).

B1.7 Sensitivity:

Using a 100 ml sample 1.0 ml of 0.02M
hydrochloricacidisequivalent to 2.8 mg/lN.

B1.8 Bias:

Not known. Sample instability may be a
potential source of bias.

B1.9 Interference:

Certain amides such as urea may be slowly
hydrolysed during the distillation to yield
ammonia. See Section B3.

B1.10 Time requiredfor analysis:

about 1 hour.

(a) basedoninformation supplied by the NorthWest WaterAuthority.

B2 Principle

The sample is neutralized and then made alkaline with magnesium oxide. Free and
saline aninionia are removed by distillation; Devarda's alloy is then added and the
distillation continued,the ammonia resulting from the reduction of oxidized nitrogen
(nitrateplus nitrite) being absorbed in boricacid solution and titrated with standard
acid.

B3 Interferences

Certainamides,includingurea at levels greaterthan 10 mg inthe sample aliquot,may
be slowly hydrolysed to produce ammonia in small amounts duringthe reduction and
distillation stage of the method.

B4 Hazards

There are no special hazards in this method. Normal laboratorysafety precautions
should be observed.

B5 Reagents

Analytical grade reagentsshould be usedwhenever possible.
B5. 1 Amonia — freewater (to be used throughout this method).

There are two methods for preparing such water:
Preparation

Method A: Pass distilled water through a bed of strongly-acidiccation exchange
resin (in the hydrogen form). Collect the eluate and store in a glass-stoppered bottle
containing about 10 g/l ofthe same ion exchange resin.
Method B: Acidify distilled water with 0.1 mI/l of sulphuric acid (d20 1.84) and
redistil in an all-glassapparatuspreviously deemedto befree from ammonia (see step
B7. 1). Discard the first 50 ml of distillate, then collect and store the rest of the
distillate as described in method A above.
B5.2 Standard 0.02M hydrochloric acid

Prepareand standardize this reagentaccording to standardanalyticalprocedures. Let
the exact concentration be C moles per litre. Store in a glass or polyethylene
container.

B5.3 0.05% rn/V Methyl red indicator solution
Dissolve 0.5 ± 0.lg of methyl red in about 900 ml of water and dilutewith water to 1
litre in a measuring cylinder. Store in a glass or polyethylene container.
B5.4 0.15% rn/V Methylene blue solution
Dissolve 1.5 ± 0.lgof methylene blue in about 900 ml of water and dilutewith water
to 1 litre in a measuring cylinder. Store in a glass or polyethylene container.
B5.5 Indicating Boric acidsolution
Dissolve 20 ± ig of boric acid in about 900 ml of warm water. Cool to room
temperature. Add 10 ± 1 ml of methyl red and 2.0 ± 0.2 ml of methylene blue
solution and dilute to 1 litre in a measuring cylinder. Store in a glass or polyethylene
container. One drop of 0.1M sodium hydroxide solution added to 20 ml of this
solution should be sufficient to change the colour from purple to green: if this is not,
discard the solution and prepare freshly.
B5.6 0.05% rn/V Brornothyrnolblue Indicator solution
Dissolve 0.5 ± 0.02g of bromothymol blue in about 900 ml of water and dilute with
waterto 1 litre in a measuring cylinder. Store in a glass or polyethylene container.
B5.7 2% V/V HydrochloricAcid solution

(d

Dilute20 ± 1 ml of hydrocholonc acid
1.18) with water to 1 litre in a measuring
Store
in
a
or
container.
cylinder.
glass polyethylene
10

B5.8 4% rn/V Sodium Hydroxide solution
Dissolve 40 ± 2g of sodium hydroxide pellets in about 800 ml ofwater. Cool to room
temperature and dilute with water to 1 litre in a measuring cylinder. Store in a
polyethylene bottle.
B5.9 LightMagnesium oxide, carbonate-free
Ignite magnesium oxide at 500°C to remove carbonates.
B5.10 Devarda's Alloypowder.
B5.11 Antibumping granules.
B5.12 Antifoaming agent.
Chips of paraffin wax are suitable.
B5.13 Nessler's reagent
a. Dissolve 35 ± ig of potassium iodide and 12.5 ± 0.5g of mercuric chloride in
about 700 ml of water. Gradually add a saturated solution of mercuric chloride with
stirring until a slight permanent red precipitate is formed (about 40—50 ml of the
saturatedsolution should be required).
b. Carefully dissolve 120 ± 2g of sodium hydroxide pellets in 150 ± 10 ml of water
and cool to room temperature.
150 mm
Approximately

24/29

24/29

24/29

round
bottomed flask
or Kjeldahl flask

Fig 1 Distillation apparatus
Figure courtesy ofthe British Standards Institution
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Combine the two solutions, (a) and (b) and cool to room temperature. Add a further
1.0 ± 0.1 ml of saturated mercuric chloride solution and mix thoroughly. Dilute the
combined solution with water to 1 litre in a measuring cylinder. Store in the dark in a
rubberstoppered glass bottle. Allow the reagentto stand, forsettlement,for at leasta
week before use.
NOTE: THIS REAGENT IS TOXIC. All residues containing it from operations
described in the methods must be collected and subjected to mercury recovery
procedure(1) before final disposal.
B6

Apparatus

In addition to normal laboratory apparatus, distillation apparatusis requiredwhich
incorporates an 800—1000 ml capacity distillation flask attachedto an anti-splash head
and a vertical condenser arrangedso that its outlet can be submerged in absorbent
solution. See Figure 1.

B7.

Analytical Procedure

Step Procedure

Notes

Checkingthe apparatus(note a)
B7.1 Add about 350 mlofwaterto the distillationflask.
Add a few anti-bumping granules and assemblethe
distillation apparatusas shown in Figure 1.

B7.2 Commence distillation and after afew mlofdistillate
havebeendischarged, collect 50 ml of the distillate
in one ofamatched pair of 50 ml Nessler cylinders.
Intothe othercylinder place 50 ml ofwater.
B7.3 Add to the cylinder containing the distillate 2.0 ±
0.2 ml ofNessler's reagent.
B7.4 After about 10minutes compare thetwocylinders
visually. No difference in colour should be apparent;
ayellowishcolour in the Nessler reagent-treated
cylinder indicates thepresenceof ammonia inthe
distillate at a concentration of0.01 mgflor greater.
B7.5 Continueto collect and test portions ofthe distillate
untiladequatefreedomfrom ammonia is indicated.
B7.6 Emptythe flask but do not rinse it. The apparatus is
nowreadyfor the analysis ofsamples.

Analysisofsamples
B7.7 Place an aliquot, V ml, ofsample, containing not

morethan 10 mgTON andwith a maximum volume
of 350 ml,in the distillation flask.

B7.8 Add afew drops ofbromothymol blueindicator. If a
yellow colour isobtainedadd sodium hydroxide
solution (B5.8) untilthe colour justchanges to blue.
Ifa bluecolour isfirst obtained, add hydrochloric
acidsolution (B5.7) untilthe colour justchanges to
yellow. Ifnecessary, adjust the volume ofthe flask
contentsto about350 mlwithwater.
12

(a) Thesestepsshould be carriedout whenever the
apparatus has been out of use for more than a
few days, and whenever the preceding sample
analysed in ithas shown a nitrogen concentration
high (intheanalysts judgement)in comparison
to theconcentrations usuallydetermined.

Step Procedure

Notes

B7.9 Add 0.25 ± 0.05goflightmagnesiumoxide B5.9to
the distillation flask and immediately attach the flask
to thedistillation apparatus(noteb).

(b) Anti-foamingagent maybe necessary with
certain waste watersor sewages.

B7. 10 Heat the flask so that distillationproceeds at arate
of about10 mL/min. Distil a totalvolume of200 ±
20 ml.Collectthedistillate in a 350 ml receiving
flask (notes c and d).

(c) Collectthe distillate (viaa submerged condenser
tip)intoareceivingflask containing 50 ± 5 ml of
indicatingboric acidifammonia is to be
determined. Reservethe distillate for the
determination of ammoniabytitration.See
reference 2.

(d) Discard the distillate ifammonia is not to be
determined.

B7.11 Replace the receiving flask by a second flask
containing 50 ± 5 mlofindicating boric acid.
Submerge the condenser tipin the solution.
B7.12 After allowingthe contentsofthe distillationflask to
coolto roomtemperature,detachthe flask and
adjust thevolume of the contents to about 350 ml
with water.
B7.13 Add 1.0 ± 0.lgofDevarda's alloy powder tothe
distillation flask and immediatelyre-attachthe flask
to the distillation apparatus.
B7.14 Heat the flaskso that distillation proceeds at a rate
ofabout 10 mI/mm. Distil atotal volume of200 ±
20 ml.
B7.15 Having collected200 ± 20 mlofdistillate, titrate
with standard0.02M hydrochloricacidto a purple
end point(note e). Recordthe volume, A ml,of
standardacidused.

(e) Titrationto thepurplecolourmayalso becarried
outduring thecourseofthe distillation.The end
pointis reached when continued distillation
causes no furtherreversion tothe greencolourof
theindicator. Titration in thismannerensures
the collection ofall ammonia without necessarily
collecting200 ml ofdistillate, and mayalso
reveal prolonged evolution of ammonia due to
gradual hydrolysisofinterfering amides.

Analysisof Blank
B7.16 Carry350 ml ofwaterthroughstepsB7.7to B7. 15.
Recordthevolume, B ml, ofstandardacid used
(notef).

(f) If ammonia is also to be determined (see noted)
a blank value obtained from stepsp7.7to B7.10
will also be required(see note c).

Calculation of Result
B7.17 TON mg/ =

A-B

x 14.01 x l000xC

where

V=

volume in ml ofsample used (step B7.7)

A = volumeof0.02M hydrochloric acidusedfor
sample titration

B = volumeof0.02M hydrochloric acidusedfor
blanktitration
C = exact concentration, in moles per litre, of
standardhydrochloric acid.
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B8 Calibration

B8.1 The basis of this method is that the Devarda's alloybrings about quantitative
reduction of nitrate and nitrite to ammonia. It is, therefore,vital to checkperiodically
that this is so. The check can be made by (i) carrying a standard solution of nitrate
through the procedure, (ii) checking recovery of nitrate from a spiked sample. The
nitrate concentrations used in these checks should be selected so as to be typical of
those commonly determined in samples.

If quantitative reduction is not being achieved, then either the extent of reduction

must be carefully evaulated so that a correction factor can be applied, or the
Devarda's alloymust be discarded in favour of a fresh batch.

It is recommended that reduction be checked at least on every occasion that a new

batch of Devarda's alloy is used, and preferably at regular intervals during its use,
particularly if the number of analyses is small with a consequent low rate of reagent
consumption.
B8.2 This method relies upon the correct preparation and standardization of the
O.02M hydrochloric acid for its calibration.
The methodpermitsthe determination of up to 28 mg/l using the full sample volume
Concentration Range of 350 ml. Smallersamplealiquotscan be taken in order to extend considerably the
of the Method
concentration range of the method. The analyst should check the precision of

B9 Change in

whatever variation is used.

BlO Sources of Error

This method is open to the usual possible errors of any titration procedure.
The analyst must take whatever precautions are appropriate to the particular
B1O.1

analytical requirements.
B1O.2 Care should betaken to avoid lossesof ammonia during distillation. Ifthereis

any question of such losses occurring, carry a standardammoniacal nitrogensolution
through the procedure and check recovery.
B1O.3 Interfering substances. See Section B3.

Bi 1 UseofOther
Methods for
Ammonia
Determination
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Any of the other recommended methods of ammonia determination (2) (ie
continuousflow) maybe used as an alternative
potentiometric,spectrophotometric,
to the titration method given above. The performance characteristics in Section Bi
will no longer apply, and 2% V/V hydrochloric acid (Reagent B5.7) must be
substituted for the indicating boric acid at step B7.11. The calculation of resultswill
also need to be modified.

Method C

Continuousflow methods for the
determination of total oxidized nitrogen or

nitrite

Tentative Methods

Cl Performance

Characteristicsofthe
Method

(Forfurther

information on the
determination and
definition of
performance
characteristics see
Reference 15)

Cl. 1 Substancesdetermined:

Nitrate + nitrite, or nitritealone.

C1.2 'l)pe ofSample:

Raw, potable &wastewaters.

C1.3 Basis ofmethods:

Continuousflowcolorimetry forthe
determination ofnitrite with the addition of
a copper/hydrazine reducing reagentfor
reduction ofnitrate to nitrite.

C1.4 Rangesof application:
(See Section C9)

Total oxidizednitrogenup to 40 mg/I.
Nitriteupto 1.0 mg/I.

Cl.5

Linear.

Calibration curves:

C1.6 Total Standard deviation (a):
C1.6.1 Nitrate+ Nitrite

Calibration Range Sample Type

Up to 10 mg/I N
Up to 10 mg/I N
Up to 10 mg/I N
Up to 40 mg/I N
Up to 40 mg/I N

StandardSolution
StandardSolution
RiverWater
StandardSolution
RiverWater

Concentration

Standard Deviation

mg/I

mg/IN

1.0

9.0
7.8

0.01 —0.06 (b)
0.08 —0.22 (b)
0.08 —0.13 (c)

36.0
20.7

0.48
0.35

Concentration

Standard Deviation

mg/I

mg/I

(d)

(d)

C1.6.2 Nitrite
Calibration Range Sample 1rpe

Up to 0.2 mg/I N StandardSolution
Up to 0.2 mg/I N StandardSolution

0.02
0.145

0.008 —0.0020 (c)
0.0031
(d)

Upto 1.0 mg/I N •RiverWater
Up to 1.0 mg/I N StandardSolution
Up to 1.0 mg/I N RiverWater

0.1
0.9
0.53

0.0052—0.0093 (b)
0.0055—0.026 (b)
0.0050—0.0073 (c)

Cl.7

Limit of Detection (a):

C1.7.1 Nitrate + Nitrite:

0.05—0.26mg/I (b) (Calibration range up to

C1.7.2 Nitrite:

0.01—0.05mg/I (e) (Calibration range

10mg/I).
1mg/I).

up to

Cl.8

Sensitivity:

C1.8.1 Nitrate + nitrite:

40 mg/i gives an absorbance ofabout 1.5
units.

Cl .8.2 Nitrite:

1 mg/i gives an absorbance ofabout 0.80
units.

Cl .9 Bias (a):

Average inter-laboratory bias—0.03 mg/i on
analysingriver water with a nitrate + nitrite
concentration of5.22 mg/i (b). (Calibration
range up to 10 mg/i). Average interlaboratory bias + 0.014 mg/i N on analysing
riverwaterwith a nitrite concentration of
0.537 mg/i (b). (Calibration range up to
1 mg/i). Sample instabilitymay be a
potentialsource of bias.

Cl.10 Interference:

No serious interferences are known. See
Section C3.

Cl.11 Time requiredfor analysis:

Preparationandshutdown time about40
minutes. Samplingrate dependent on the
wash characteristicsofthe system, but may
be up to 60 samples per hour.

Notes:

(a) All datataken from results (13) ofthe Harmonised Monitoring Scheme ofthe
Departmentofthe Environment, generated by use ofautomatedmethods
essentially the same as described inthis method and calibrated inthe range
indicated. Eachestimate ofstandard deviation hasbetween9 and 18 degreesof
freedom,as havethelimit ofdetection estimates.
(b)Fourlaboratories'results.
(c) Two laboratories' results.
(d)Single laboratory's results.
(e) Threelaboratories'results.
C2 Principle

The methodprovides for the automated determination of nitrate + nitrite in discrete
samples by means of continuous flow analysis (3). The essential features of the
apparatus are given in Section C6.

Nitrateis reduced to nitritebyhydrazine underalkaline conditions, using cupric ion as
a catalyst. The total nitrite is then treated with sulphanilamide and N—1—naphthylethylenediamine dihydrochloride under acidic conditions to form a characteristic
pink azo-dye.
Nitrite alone can be determined by omission of reduction. See Section C6.2.
C3 Interferences

The effectofcommonly-occurringconstituents ofraw,potableandwastewateron the
determination of nitrate + nitrite (calibrationrange up to 20 mg/i) is shown in Table 1.
No data are given forthe determination ofnitritealone. See Table 1 in Part H3, which
provides a guide to interference effects for this method.

C4 Hazards

N-l-naphthylethylenediamine dihydrochloride and hydrazine sulphate should both be

regardedas special hazards. Skin contact with the solids and reagentsincorporating
them should be avoided.
Normal laboratoryprecautions should be observed when handling the other reagents.
The precautions given in the essay review on air segmented continuous flow analysis
(3) should be observed.

Table 1 (a)

Other Substance
(Expressed in terms of
substance in brackets)

Concentration

of other substance mg/i

Sodium chloride (Ct)
Sodium bicarbonate (HCO)
Sodium sulphate (SO)
Sodium orthophosphate (PO)
Sodium silicate (SiO2)
Calcium chloride (Ca)
Magnesium acetate (Mg)
Iron (III) sulphate (Fe)
Manganese (II) sulphate (Mn)
Zinc sulphate(Zn)
Copper sulphate(Cu)
Lead acetate (Pb)
Aluminium sulphate(Al)
Potassium Fluoride (F—)
Ainmonium chloride (NH3 as N)
Potassium cyanide (CN)
Urea (CO(NH2)2)

2500
1000
1000
100
100
1000
100
10
10
10
10
10
10
10
100
10
10

Effect in mg/iN ofother substance
at a nitrate concentration of
0.0 mg/iNO as N 10.0 mg/i NOas N
0.00

+0.1

—0.02

+0.2

0.00
0.00
+0.01
0.00
0.00

—0.2
—0.2
—0.1
—0.2
—0.2
—0.1

—0.04

+0.03

0.0

0.00

—0.1
—0.3

—0.01

—0.05
+0.02
0.00
0.00
0.00
0.00

0.0
+0.1
—0.1

+0.2
—0.1
—0.2

If the other

substances did not interfere, the effects would be expected (95%
to
confidence) lie between:
± 0.08 at 0.00mg/iN
± 0.06 at 10.0mg/iN
(a) Thesedata were obtained by Thames Water Authority, Directorateof Scientific
Services, New River Head Laboratories.

C5 Reagents

Analyticalgrade reagents should be usedwhenever possible. See PartA2.1 regarding
water.
CS. 1

O.2M Sodiumhydroxide solution

Dissolve 8.0 ± 0.ig of sodium hydroxide pellets in about900 ml of water and diluteto
1 litrewithwater in ameasuring cylinder. Add 1.0 ± 0.1 ml ofasuitable wetting agent
(C5.5). Storein a stoppered polyethylenebottle.
CS.2 Stock copper sulphate solution
Dissolve 1.2 ± 0.ig of cupric sulphatepentahydratein about80 ml ofwaterin a
100 ml calibrated flask. Makeup tovolume with water. This solution is stablefor at
leastsixmonths.
C5.3 Hydrazine-copperreagent
Dissolve 1.50 ± 0.Olgof hydrazine sulphate inabout 800 mlofwater. Add 1.50 ±
0.01 ml ofthe stock copper sulphate solution andmakeup to 1 litre with water in a
calibrated flask. Store the reagent inaclearglass bottle.The reagentis stableforat
leastone week.
Note: Read Section Cli regarding the optimization ofthis reagent.
C5.4 Suiphanilainidereagent
To about 750 ml ofwateradd100 ± 1 ml oforthophosphoric acid(d20 1.68)andmix.
Add0.500 ± 0.005gofN-.-1—naphthylethylenediamine dihydrochioride and 10.0 ±
0.ig ofsulphanilamide and completelydissolve.Diluteto 1 litrewithwater in a
measuring cylinder and store the reagent in an amberglassbottle, avoid unnecessary
exposure to the atmosphere. This reagentis stable for up to one week.
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C5.5 Selectionofwetting agent

The presence of a wetting agentin the system is desirable in order to promotesmooth
hydraulic flow. A non-ionic surfactant of the polyoxyethylene alcohol type or the
alkyl-phenoxypolyethoxyethanol type will be found suitable.
C6 Apparatus

C6.1 Apparatusfor this continuous flow method consists basically of the following:
Sample presentation unit (sampler).
Multichannel peristaltic pump.
Analyticalcartridge (manifold)including pumptubes,mixing coilsand dialyser
unit.
Colorimeter, incorporating a flow cell of between 10 mm and 50 mm path
length.
Recorder. (Measurement unit).
Consult the essay review on air segmented continuous flow analysis (3) for further
information.
C6.2 The design of the analytical manifold for nitrate + nitrite determination is
shown in Figure2, and that for nitrite determination is shown in Figure 3. Note that
the analyticalmanifold in Figure 2 canreadily be adaptedto conform to Figure3, thus
facilitating change over betweendeterminations.

C7

Analytical Procedure

Step Procedure

Notes

StartingOperation
C7.1 Connect the system asshown inFigure2 (nitrate +
nitritedetermination) or Figure 3 (nitrite
determination) (notesa and b).

(a) Followthe manufacturer's general operating
instructions.

(b) Forfurtherinformation, see reference (3).
C7.2 Withthe sample probe atrestin the wash receptacle
solution, place all the reagentlinesin their
respective reagents(note c), start the pumpand
switchondetectionand measurement units (note d).

(c) Ensurethat thereis sufficientofeach reagent to
avoid 'toppingup' during one batchof analyses.
(d)Allow the system to equilibrate forat least20
minutes andduringthis period check that the
bubble patternand hydraulic behaviour ofthe
system is satisfactory. If not, eliminate
difficultiesbeforeproceding to step C7.3.

Initial Sensitivity Setting
C7.3 When an acceptably smooth baseline trace is given

at the measurement unit,adjustthe baseline

response to about 5 percent offull scale (notee)
with the zero controlandthen transferthe sample
probe intoa CM standard solution (note f).
C7.4 When there is a positive stable response at the
measurement unitdue to the colour produced from
the CM standardsolution (noteg), adjust this
response with the scale expansion control to read
between 90 and 95 per cent offullscale

(notes h and i)

(e) An elevated setting ofthe baseline allowsfor any
negative drift that may occur.
(f) CM isthe greatestconcentration that the
calibration is intended to cover.
(g) The sample probe need remainonlyin the CM
standardsolution for sufficient time to give a
steady reading.
(h) Asetting 5 to 10 percent below full scale allows
for anyincrease in sensitivitythat mayoccur.
(i) This may be directly possible on some
measurement units but othersmay require range
expansion facilities.

Step Procedure

Notes

C7.5 Returnthe sample probeto restin the wash position

(j) First removeanytracesofstandardsolution from
the outsideofthe sample probe.

(notej).

Analysisof Samples
Loadthe sample turntablein the followingorder
(notesk and1).

C7.6

(k)Theturntablecanbeloadedduring the initial
stabilisation period (steps2to4).
(1) The order given is a suggestion. Other loading

patternsmay be used.

Position No
on turntable
1—5

Solution
Calibration standards in ascending

order, see Section C8.
6—7

Blank (note m).

8—17

Samples.
Calibration standard
(noten).
Blank (note m).

18
19—20
21—30

31
32—33
34—38

(m)Water from the same source asthat usedto
preparethe calibration standards.
(n) The standard whichoccupies position No 4 to
check the calibration.

Samples.
Calibration standard
(noten).
Blank (note m).
Calibration standards in ascending
order.

Repeat the sequence 6—38 untilall thesamples have
beenprocessed (notep).

C7.7

When asteadybaseline is obtained on the
measurement unit,re-adjustitto about 5per centof
fullscale ifnecessary and startthe sampling unit.

C7.8

When all the system responsesduetotheprocessed
solutions have appeared onthe measurement unit
andafinalbaseline has beenobtainedthis unitcan
be switched off.

(p)When cross contamination occursbetweentwo
samples (visibleon the measurement unit trace
asincomplete separation ofconsecutive sample
responses) both samples are re-analysed,
separated by a blanksolution.

Calculationof Results
C7.9

Plot a calibration curve ofmeasurement unit
responses (y axis) against concentration (x axis) of
standardsolutions (noteq).

(q)Providing the blank corrected responses ofthe
calibration standardanalysed at the end ofeach
groupand those at the endofthe turntableare all
acceptablyclose totheir respective initialblank
corrected calibration standardresponse. If not,
referto reference (3) for suggestedprocedureto
obtaincalibration curves.

Step Procedure

Notes

C7. 10 Using the calibration curve(s) (Section C8) convert
the measurement unitresponses due tothe samples
intoconcentrations in the samples (noter).

(r) Themeasurement unitresponses ofthe samples
mustfirstbe corrected for any baseline and
sensitivitychanges.

The results areexpressed as mg/I, total oxidized
nitrogen or nitrite as appropriate.
Shut-down Procedure
C7. 11 Transfer all reagentlines to waterandpumpforat
least 15 minutes.

C8 Preparation of
CalibrationCurve

As indicated in step C7.6, five (at least) calibration standards should be run at
the beginningof, and at intervals in, eachbatchofsamples. The concentrations ofthe
standards must be selected having regard for the expected sample concentrations, and
of the manifold configuration in current use.
C8.1

C8.2 For calibration of total oxidized nitrogen determinations, standard nitrate
solutions, prepared as described in PartA2.4, should be used.
C8.3 For calibration for nitrite determinations, working standard solutions should
be preparedfreshly for each occasion by dilution of the standardnitritesolution (Part
A2.7) as follows:
Into a series of 50 ml calibrated flasks pipette the following volumes of working
standardsolutions A2.7:
2.5, 5.0, 10.0, 20.0, 30.0, 40.0 ml.
Diluteto volume with waterand mix. These flasksnowcontain solutions of 0.05, 0.1,
0.2, 0.4, 0.6 and 0.8 mg/l NO-2 as N respectively.

C9 Changesin
Any calibration range up to a maximum of 40 mg/l (nitrate + nitrite) or 1 mg/I
concentration range (nitrite) maybe used, to suit the anticipated concentration rangeofthe samples. The
ofthe methods
calibrationrangeis set as described in stepsC7.4 to C7.6. Data in sections C1.6,C1.7,
C1.9 andC3 were obtained using the specifiedcalibration ranges. The analyst should
determine standard deviation, limit of detection and bias data for other calibration
rangesthat maybe routinely used.

Cl0 Sourcesof Error

A great advantage of continuous flow analysis over manual procedures is that
proceduralvariability inherent in the latter is eradicated; all samples and standards
are handled in exactly the same way,providing the apparatusis kept well maintained
in accordance with the makers instructions. Thus,apart from mechanical or hydraulic
failures or malfunctions, the greatest sources of error are likely to be those given
ClO.1

below.
C10.2 Interferingsubstances. (See Section C3)
The methodis free from interferences caused by commonly occurring components of
natural fresh waters. However, vigilance should be exercised. Whenever an unusual
component or an unusually high concentration ofsome other component is known to
be present in a sample, either recovery experiments should be carried out, or the
resultshould be checked by anothermethod in this series. Particular attentionshould
be paid to samples with extreme concentrations of acidity or alkalinity, since these
may interfere with the reduction step. This step may also be affected by high
concentrations of organic complexing agents which may complex the copper in the
reduction reagent.
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Drifting calibration curve
A well maintained system should exhibit littleor no driftofeither calibration standard
response or baseline. However, the presenceof blanks and standards in an analytical
run (Step C7.6) provides a means of checkingthe calibration. Small amountsof drift
can be corrected by means of these standards, but largedrifts should be investigated
further.
C10.3

C10.4 Inter-sample carryover
The sample towash ratio ofthe sampling device should be optimised, bearing in mind
the performance required, at the introduction of this method to a laboratory.
However, there may be occasionswhen carryover is still a problem, mainly when a
very high concentration, perhaps above the intended calibration range,is followed by
a very low concentration. In this circumstance, the two samples concerned must be
re-run separated by a water blank.

Cli Optimisation ofthe Cli.1 The concentration of hydrazine sulphategiven in Section C5.3 is a typical
Reduction of Nitrate value; the optimum concentration mayvary from batchto batchof the solid reagent.
to Nitrite
Whenever a new batch is used, the following optimisation procedure should be
adopted.

Cli.2

Preparethe followingsolutions:

Cli.2.1

Stockhydrazine sulphate solution
Dissolve 5.Og hydra.zine sulphate in about 900 ml of water and dilute to 1 litre with
water in a calibrated flask.
C11.2.2 Hydrazine sulphatesolutions1.0 to 2.Og (all ± 0.Olg) hydrazine sulphate per
litre. To a seriesofeleven 100 ml calibrated flasks add from a burette respectively 20,
22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 ml (all ± 0.05 ml) of the stock hydrazine
sulphatesolution. Makeup eachflask to volume with water. These flasks now contain
1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 and 2.0 g/l hydrazine sulphate.
C11.2.3 Copper sulphatesolution
Dilute 0.750 ± 0.005 ml of the stock copper sulphate solution C5.2 to 1 litre with
water in a calibrated flask.
C11.3

(Refer to Figure 2)

Follow the Analytical Procedure from Step C7.1,but modify the analytical manifold
arrangement by placing the sample line in a 44) mg/i nitrite standardsolution and the
water line (0.32 mI/mm) in the copper sulphatesolution C11.2.3, and connect the
hydrazine/copper line (0.16 mI/mm) to the sample presentation unit. At Step C7.3
adjustthe baseline to about50 per cent offullscaleand omit the rest of that step and
the wholeof Step C7.4. At step C7.6, loadthe turntablewith the hydrazine sulphate
solutions (Cli.2.2) in ascending order of concentration. Omit step C7.7.
C11.4 When the peakshave been recorded,place the sample line in a 40 mg/i nitrate
solution, and after about 20 minutes re-present the hydra.zine sulphate solutions.
Leave the colorimeter controls unaltered.
C11.5 After the second batchof peaks have been recorded,shot down the system
(Step C7.i1) and rearrange the analyticalmanifold to be in accordance with Figure 2.
Compare the results obtained from Steps Cli.3 and Cli.4. The correct
hydrazine sulphateconcentration is that which gives maximum response for nitrate,
but this must correspond with the response obtained with nitrite at the level of
hydrazine sulphate, ie there should be no loss of nitrite response at the optimum
value.

Cli.6

Pump

mllmin

Waste________

3 inch

_______ Coil

5 turns

—0.32-

Air

—0.32

—

Sodium Hydroxide

—0.23—

Sample
Sodium Hydroxide

—0.60-

Dialyser [4

— 0.32 — 0.32

Coil
10 turns

— 0.16

1

Coil 10foot
(maybe heated at 60°)
(for a slight increase)
(in sensitivity)

-

Sulphanilamide

Colorimeter
— 0.80 —
'V

Debubbler
Recorder

Water
Hydrazine

0.16

Heating Bath
37020 foot

Air

Pull-through

Debubbler
Pull-through

+

Colorimeter
520 nm

All coils2 mmbore, 20 mmmeandiameter
Figure 2 Analytical ManifoldforAutomatedAnalysis of Nitrate and Nitriteat upto 40 mg/I

Air
Coil
10 turns

Sodium Hydroxide
Sample
Water
Suiphanilainide

Coil10foot
(may be heated at 60°)
(for a slight increase)

(in sensitivity)

Debubbler
+

Recorder ---Colorimeter
520nm

Allcoils 2 mmbore, 20 mmmeandiameter
Figure3 Analytical Manifold forAutomatedAnalysis of Nitrite at up to 1 mg/I
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Colorimeter

Method D Continuous Flow Methodsfor the
Determination of Total Oxidized Nitrogen or
Nitrite in Sea Water
Tentative Methods

Dl

Performance
Dl.1 Substances determined:
Characteristicsof the
Method
D1.2 Type of Sample:
(For further
informationon the
determination and
definition of
performance
characteristics see
Reference 15)

Dl.3

Basis of methods:

Nitrate + nitrite, or nitrite alone.
Sea water.
Continuous flow colorimetry for the
determination ofnitrite, with the use of
mixingcoil containing a copperised
cadmium wire forthe reduction of nitrate to
nitrite.

D1.4 Ranges ofapplication:

TONup to 700 gfl
nitriteup to 70 pg/l.

Dl.5

Calibration graphs:

linearto 700 Lg/l for TON determination
linearto 140 g/l for nitritedetermination.

Dl.6

Within-batch Standard
Deviation (a):

TON determination on seawater
samples with 15 mmflow cell

Concentration

g/l

g/l

17.5
140

0.28 (b)
1.5
(b)
0.96 (c)
1.1
(c)
0.7 (d)
0.96 (d)

35

280

70
560

Nitritedetermination onseawater
samples with 50 mmflow cell

Standard Deviation

3.5
7
35

28
35

70

0.056 (e)
0.07

(e)

0.07 (b)
0.042 (b)
0.25 (c)
0.042 (c)

D1.7 Limit of Detection (a):

TON: 1.3 g/l
Nitrite: 0.26gfl.

D1.8 Sensitivity(a):

TON: 70 jig/l = 0.2 AbsorbanceUnits
(15 mmflow cell)
Nitrite: 14 pgfl = 0.15 Absorbance Units
(50 mm flow cell).

Dl.9 Bias (a):

Not known. Sampleinstability maybe a
potential source ofbias.

Dl.10

None expected from commonlyoccurring
constituents offreshorsaline waters.

Interference:
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Dl.11

Time requiredfor analysis:

Preparation and shutdowntime about 40
minutes. Samplingrate may be up to 20 per
hour (nitrate+ nitrite) or upto40 per hour
(nitrite). See SectionD5.3.

Notes:

(a) Data from the MinistryofAgriculture, Fisheries and Foodlaboratoryat
Lowestoft, with 19 degrees offreedom in all cases. Apparatusincorporating a
Technicon AutoAnalyser II colorimeter was usedto obtain the data on standard
deviation and was operated in the absorbance ranges identified bythe following
notes:
(b) absorbance range0.5 absorbance units
1.0
(c)
2.0
(d)
..
0.2
(e)
..

D2 Principle

The methodprovides for the automated determination of nitrate + nitrite in discrete
samples by means of continuous flow analysis.The essential features of the apparatus
are given in Section D5. Nitrate is reduced to nitrite by passing of the samplecontaining stream through tube containing copperized cadmium wire in which
reduction takes place (4). The total nitrite is then treated with suiphanilamide and
N—1—naphthylethylene diamine dihydrochioride under acidic conditions to form a
pink azodye. Nitrite alone can be determined by omitting the reduction coil.
Cadmium reduction is the preferred method for affecting the nitrate to nitrite
reduction in seawater. This method may also be used for the analysis of freshwater
containing low levels of oxidized nitrogen.

D3 Hazards

D3.1 Cadmiumand its salts are toxic. Rubbergloves should be worn whenhandling
cadmium wire.
D3.2 N—1—naphthylethylene diamine dihydrochlonde should be regarded as a
special hazard, and skin contact with it, and reagents incorporating it, should be
avoided.

D4 Reagents

Analyticalgrade reagentsshould be usedwhenever possible. See PartA2.1 regarding
water.
D4.1 2% rn/V Copper sulphate solution.
Dissolve 20 ± 2g of cupric sulphate (CuSO45H2O)in about 800 ml ofwater and then
dilute with water to 1 litre in a measuring cylinder. This solution is stable for at least
six months. Store in a glass-stoppered bottle.
D4.2 Hydrochloric Acid solution, approximiately 1M.
Cautiously dilute89 ± 1 ml of concentrated hydrochloric acid (d20 1.18) to 1 litre with
water in a measuring cylinder. Store in a glass or polyethylene container.
D4.3 35% rn/V Stock ammonium chloride solution (saturated).
Dissolve 350 ± lOg of ammonium chloride in about 800 ml of water and dilute to 1
litre with waterin a measuring cylinder. Store in a glass or polyethylene container.
D4.4 approximately 12% rn/V Working ammonium chloride solution.
Dilute 20 ± 0.1 ml of the stock ammonium chloride solution to 60 ml with water in a
measuring cylinder. Store in a glass or polyethylene container.
D4.5 approximately 0.7% rn/V Working ammonium chloride solution
Dilute 2.00 ± 0.01 ml of the stock ammonium chloride solution to 100 ml with water
in a measuring cylinder. Store in a glass or polyethylene container.
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D4.6 Reductor coil preparation
Measure and cut off 1 metre of 1 mm diameter cadmium wire. Measure andcut off
110 cm of Tygon or polyethylene tubing 1.5 mm internal diameter. Insert the
cadmium wire into the tubing leaving 5 cm space at each end of the tubing. Using a
20 ml plastic syringe pass10 ml of 1M hydrochloric acidthroughthe tube followed by
10 ml ofwater. Then inject 10 ml of2% copper sulphate solution followed by at least
two 10 ml washes of water to remove any sediment of deposited copper. Then inject
10 ml of 0.7%w/v ammonium chloride solution through the tube and wind intoa coil
around a former of approximately 25 mmdiameter. To regenerate, pump reagents as
abovethrough the coiled tubeusing the spareportof the 4-way chromatography valve
(see figure 4 below). Note that this reductorcoil must not be allowed to dry.
D4.7 1% rn/v Suiphanilamide. Stock solution.
Dissolve 5.0 ± 0.ig of suiphanilamide in a mixture of 50 ml of hydrochloric acid (d20
1.18) and about 300 ml of water. Dilute to 500 ml with distilled water in a measuring
cylinder. Store in a glass or polyethylene container.
D4.8 0.17% rn/v Suiphanilarnide. Workingsolution.
Dilute 10 ± 0.1 ml of the stock solution to 60 ml with distilled water in a measuring
cylinder. Store in a glass bottle.
D4.9 0.1% rn/v N—I—naphthylethylenediamine dihydrochioride Stock solution.
Dissolve 0.50 ± 0.Olg of N-l-naphthylethylene diamine dihydrochioride in about
400 ml ofwater and dilute to 500 ml in a measuring cylinder. Store the reagentin an
amber glass bottle. Renew the solution when a brown colour develops.

D4.10 0.017% rn/V N-l-naphthylethylenediamine dihydrochioride. Working solution.

Dilute 10 ± 0.1 ml ofthe stock solution to 60 mi with water in a measuring cylinder.
Preparethis solution freshly on each occasion. Store in an amber glass bottle.
D4.11 Synthetic seawater
Dissolve 31.0 ± 0.2g of sodium chloride, 10.0 ± 0.lg of magnesium sulphate
heptahydrate and 0.050 ± 0.OOlgof sodium bicarbonate in about 800 ml ofwater and
dilute to 1 litre in a measuring cylinder. Store in a glass or polyethylene container.

D4.12 StandardNitrate Solution. 1 ml contains 1 i.g N.
Pipette 10 mIs of standard nitratesolution (Part A2.3) (1 ml contains 100 ug) into a 1
litre calibrated flask. Make up to volume with synthetic seawater. Prepare this
solution freshly as required.
D4.13 Working standard nitrate solutions
Thefollowingtable details the preparationofworking standardsolutions, from which
may be selected those necessary for a particular calibration range. Use pipettes and
calibrated flasks for all dilutions. Synthetic seawater must be used for dilution in all
cases. Prepare these solutions freshly as required.
Volume ofstandardsolution D4.12 for
dilution to 100 ml
ml
75
50
40
30
25

Nitrateconcentration ofworking
standard

igfl
750

500
400
300

250

10

100

5

50

1

10

25

D4.14 Standard nitrite solution, 1 ml contains 10

g N.

Pipette50 ml ofstock standard nitritesolution (Part A2.6)(1 ml contains 100 pjg) into
a 500 ml calibrated flask. Make up to volume with synthetic seawater. Store in an
amberglass bottle. This solution is stable for at least one month.
D4.15 Standard nitrite solution. 1 ml contains 0.1 .305 p.g N

Pipette 10 ml of standard nitrite solution D4.14 (1 ml contains 10 pjg) into a 1 litre
calibrated flask. Make up to volume with synthetic seawater. Prepare this solution
freshly as required.

D4.16 Working standardnitrite solutions
Follow the instructions given in D4.13, but substituting the standard nitrite solution
D4.15 (1 ml contains 0.1 ig N). The concentrations of the resulting standards will be
one tenth of those in the table, ie in the range 0.075 to 0.001 mg/l (75 to 1 p.gfl).
D5 Apparatus

D5.1 Apparatus for this continuous flow methodconsists basicallyofthe following:
Sample presentation unit (sampler)
Multichannel peristaltic pump
Analytical cartridge (manifold) including pump tubes and mixing coils
Colorimeter, incorporating flow cells of 15 mm and 50 mm
Recorder.
Consult the Essay Review on air segmented continuous flow analysis (3) for further
information.
The design of the manifold is shown in Figure4.
D5.2 In addition to the above basic requirements, the following are specifically
required:
D5.2.1 A liquid chromatography-type 4 way valve to by-pass the reducing coil for
determination of nitrite.
D5.2.2
run dry.

A copperised cadmium reducing coil. See Section D4.6. Never let this coil

D5.3 The sample presentation unitshould beoperatedat a sample wash ratio of 15:1
and at up to 20 samples per hour for the determination of nitrate + nitrite. For the
determination of nitrite the sample wash ratio is 6:1 and the sampling rate up to 40
samples per hour.

D6 Sample preparation
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Filter samples through glass fibre filters type GF. C and store in glass bottles. Keep
cool and in the dark. Nitrocellulose membrane filters must not be used. 4 ml
polystyrene sample cups must be washed with approximately 1M hydrochloric acid
before use.

Determinand Sample Rate Sample/Wash

per hour

Nitrate

Ratio

•

+

20

15:1

40

6:1

Nitrite
Nitrite

Inlet usedfor coil
Regeneration Reagents

—Cadmium

Copperized
Coil

Four________
Way
Valve

Pump
mlImin
—

0.80 —

—

0.05 —

-Sample
-12%Ammonium Chloride
(D4.4)

ReductorBypass for the

- determination of Nitrate

0.32 —

0.10 —
Cçij 5 turns

—

0.10 —

1:

Coil 20 turns

- Air
-Sulphanilamide (D4.8)
-Naphthylethylenediamine
(D4.10)

Colorimeter
—0.80— Pull-through

]Debubbler

I

jPull-through

Debubbler

Colorimeter 550nm
(15mm for Nitrate + Nitrite)
(50mmfor Nitrite only)

All coils 2mm bore, 20mm mean diameter
Figure 4 Analytical Manifold for AutomatedAnalysis
of Nitrate plus Nitrite or Nitrite only

D7 Analytical Procedure
Step Procedure

Notes

Starting Operation

D7.1 Connect as shown in Figure4 (notesaandb).

(a) Followthemanufacturer's general operating
instructions.
(b) See reference (3).

D7.2 Withthe sample probe atrestin the wash receptacle
solution, place all the reagentlines in their
respective reagents(note c) start pumpand switch
on detectionand measurement units (noted).

(c) Ensure that there is sufficientofeach reagent to
avoid 'toppingup' during one batchofanalysis.
(d) Allow the system to equilibrate for at least20
minutes and during this period checkthatthe
bubble pattern andhydraulic behaviour ofthe
system is satisfactory. Ifnot,eliminate
difficultiesbefore proceeding to step D7.3.

D7.3 Set the colorimeter controlto suit the concentration
range ofthe samples ifthe instrument hasthefacility
to attenuatethe absorbance range(notee).

(e) See notes to SectionDl and the data in Section
Dl.6 forillustration ofappropriateabsorbance
ranges.
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Step Procedure

Notes

Initial Sensitivity Setting

D7.4 When an acceptably smoothbaseline trace is given
at the measurement unitadjustthebaseline
responseto about5 percent of full scale (note f)
with the zero control, and then transferthe sample
probe intoa CM standardsolution (noteg).

(f) Anelevatedsetting ofthe baseline allowsfor any
negative drift thatmay occur.
(g) CM is the greatest concentration thatthe
calibration isintendedto cover.

D7.5 When there is apostivestable response at the
measurement unitdueto the colour produced from
the CM standardsolution (noteh) adjust this
response to read between90 and 95 per centoffull
scale (notesi and j).

(h) Thesample probeneed remain only in the CM
standard solution forsufficient time to give a
steady reading.

(i) A setting 5 to 10 per centbelow fullscale allows
forany increase insensitivity thatmayoccur.
(j) This maybe directly possible onsome
measurement units but othersmay require range
expansion facilities.

D7.6 Return the sample probeto restin the wash position

(notek).

(k)First remove anytracesof standardsolution from
theoutsideof the sample probe.

Analysisof Samples
D7.7 Load the sample turntable in the followingorder
(notes 1 and m).

Position No
on turntable
1—5

6—9

(1) The turntable can be loadedduringthe initial

stabilizationperiod (steps 2to 4).
(m)The order given isa suggestion.Other loading
patternsmay be used(3).

Solution
Calibration standards in ascending
order, see Section D8.
Blank (note n).

(n)This mustbe syntheticseawater(Reagent D4.11)
fromthe same batchas that usedtopreparethe
calibration standards.

10—17

18
19—22

23—30
31
32—35
36—40

D7.8

Samples.
Calibration standard(notep).

(p)Thestandardwhichoccupies position No 4 to
check the calibration.

Blank (note n).
Samples.
Calibration standard(notep).
Blank (note n).
Calibration standards in ascending
order.

Repeat the sequence 6—40 untilallthe samples have
beenprocessed (note q).

(q)Whencross contamination occurs between two
samples (visibleon the measurement unittrace
asincomplete separationofconsecutive sample
responses) both samples are reanalysed,
separated by a blanksolution.

When asteadybaseline is obtained on the
measurement unit,re-adjustittoabout 5 per centof
fullscaleifnecessary and startthe sampling unit

(r) See Section D5.3.

(noter).

Step

Procedure

D7.9

When allthesystem responses due to the processed
solutionshave appearedon the measurement unit
and a final baseline has beenobtained, thisunit can
be switched off.

Notes

Calculationof Results
D7.10 Plotacalibration curve ofmeasurement unit
responses (y axis) against concentration (xaxis) of
standardsolutions (notes).

(s) Providingthe blankcorrected responses ofthe
calibration standard analysed at the end ofeach
group and those atthe endoftheturntableare all
acceptablyclose totheir respective initialblank
corrected calibration standardresponse. If not,
refertoreference (3) (Part L) forsuggested
proceduretoobtaincalibration curves.

D7.11 Using the calibration curve(s) convert the
measurement unitresponses due tothesamples into
concentrations inthesamples (note t).

(t) Themeasurement unit responses of thesamples
must firstbe corrected for any baseline and
sensitivitychanges.
Theresultsareexpressed as mgfl, total oxidized
nitrogen ornitrite as appropriate.

Shut-down Procedure
D7.12 Isolate the Cd/Cu reductorandcontinue to pass

aminonium chloride solution throughit (note u).
Immersethe reagentlinesin waterandcontinue
pumping for a further20minutes.Then turn offthe
pumpandrelease the pressurein the pumptubes.
Carryout any necessarymaintenance in preparation
forthe nextrun.

D8 Preparation of
CalibrationCurve

(u) Thereductorcoil must neverbe allowed to
become dry. Isolate it to retainliquidwhen
pressure on the pump tube is released.

As indicated in step D7.7, five (at least) calibration standards should be run at
the beginningof, and at intervals in, eachbatchofsamples. The concentrations ofthe
standards must be selected having regard for the expected sample concentrations.
D8.1

D8.2 For calibration for total oxidized nitrogendeterminations, working standard
nitrate solutions, selected from those described in Section D4.13, should be used.
D8.3 For calibration for nitrite determinations, working standard nitrite solutions,
selected from those described in Section D4.16, should be used. Note that the
manifold must be configured correctly, bypassing the reductorcoil. See Section D5.

D9 Separate
determination of
nitrite

Withthemanifold configuredcorrectly, bypassingthe reductorcolumn, the analytical
procedure is identicalwith that described in Section D7.

Dl0 Checkingefficiency

Comparison ofresponse(using the same colorimeter setting) fornitrate and nitrite
standardsof the same concentration should show agreement towithin 10%.Ifthis is

of reduction

notthecasea newreductorcolumn should beprepared.Reductorcolumn lifetime
will dependon frequency of use and sample type.

Dli

SourcesofError

Referto Part ClO. The same remarks broadly apply tothis method.
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D12 Cadmium Disposal

and Recovery

1 Cadmium compounds are notifiable wastes and must not be disposed on to land
withoutconsent.Limitationscan also be applied to its discharge to rivers and sewers.
Recovery should thereforebe considered.

Recovery methods for cadmium are dependenton the concentration present,the
other substancespresentand the amount ofwaste to be treated.Thefollowing
information may be useful.
2

Cadmium can be almost completelyprecipitated as sulphide. The method given
for mercury removal in eitherthe method for ChemicalOxygen Demand(1) or
Chloride (17) inthis seriescould be used, but other methodsare available.
2.1

2.2 Cadmium can be absorbed byionexchange resins.
2.3 Cadmium can be removedby electrodeposition (18, 19).
2.4 Cadmium can bedeposited as metalby cementation over zinc granules.
Which evermethodis usedsome concentration and orpurification may be
necessary priorto acceptance by the metal recovery trade. Cadmium waste is usually
acceptedas suiphide, oxide, or metal of reasonable purity. Forfurtherinformation
consultthe dealers whoarelistedin tradeindexes suchasthe latesteditionof
Kompass (16), or ask the Cadmium Association, London.
3
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METHOD E

The Spectrophotometric Determination

of Nitrate

Tentative Method

El Performance
Characteristicsofthe
Method

(Forfurther

information on the
determination and
definition of
performance
characteristics see
Reference 15)

El.1

Nitrateion.

Substance determined:

E1.2 TypeofSample:

Raw, Potable and Waste Water.

El.3

Nitratereactswith suiphosalicylicacidto
form a yellowcompound whose
concentration ismeasured

Basis ofMethod:

spectrophotometrically.

El.4

Rangeof application:

Up to 0.2mg/l in themaximum sample
volume of25 ml.The range can be extended
upwards bytaking asmaller sample volume.

El.5

Calibration Curve:

Linearto atleast0.2 mg/l (with the

maximum sample volume of 25 ml.)

El.6 Total Standard Deviation (a):
Sample Type

Concetration
mg/i

StandardSolution
StandardSolution
RiverWater
SpikedRiverWater
SpikedRiver Water

0.00
0.20
4.40
9.18
10.0

Sample Volume
ml

Total Standard
Deviation
mg/i

25
25
1.0
0.5

0.001-41005

0.5

0.06-0.12

0.005—0.011
0.07—0.48
0.16—0.98

El.7 Limit of Detection (a):

0.003—0.013mg/i

E1.8 Sensitivity(a):

0.2mg/i gives an absorbance ofabout0.68

El.9

Average inter-laboratory bias on stable
riverwatersamples containing no
interfering substanceswasless than 1%, in
most cases notsignificant, butbiasesas high
as +11%and —14% havebeenobserved in
individual laboratories. Sample instability
maybe apotentialsource ofbias.

Bias (a):

units in40mm cells, usingthemaximum
sample volume of25m1.

El.10

Interference:

See SectionE3.

El.11

Time requiredforanalysis:

1—3hours

to analyse 6samples (totaltime).

(a) These data were obtained from two interlaboratory exercisesin whichfour
laboratories participated. 9 degrees offreedom for all estimates ofstandarddeviation.
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E2 Principle

Suiphosalicylic acid, formed by addition to the sample of sodium salicylate and
sulphuric acid, reacts with nitrate to giveaproductwhich, upon treatment with alkali,
gives a stable yellow colour whose absorbance at 415 nm is proportional to nitrate
concentration (5). Ethylenediaminetetra-acetic acidis addedwith the alkali toprevent
precipitation in hard water samples. Sodium azide is added when necessary to
overcome nitrite interference.

E3 Interferences

(b) The effectof commonly-occurringconstituents of raw, potable and waste water
is shown in Table 1. The main interferents are chloride, orthophosphate, magnesium
and manganese (II).
Tests have shown that the methodwill tolerate a sample colour of up to 150 Hazen
units providing the sample blank correction procedure (Step E7.11) is observed.
Table 1

Other Substance (Expressed in Amount of other
terms of substance in brackets) substancein a
25 ml sample
aliquot
pg

Effectin ug N ofother

substance at a nitrate amount,
in the25 ml sample aliquot,of

0.00igN

5.OOpi.gN

pg
Sodium chloride (Cl—)
Sodium bicarbonate (HCO3)
•.

Sodium sulphate(SO)
Sodium orthophosphate (PO)
..

Sodium silicate (Si02)
Calcium chloride (Ca)
Magnesium acetate(Mg)

Iron (III) sulphate (Fe)
Manganese (II) sulphate(Mn)
..

Zincsulphate(Zn)
Coppersulphate (Cu)
Lead acetate(Pb)

Aluminium sulphate (Al)
Potassium Fluoride (F)
Ammonium chloride (NH3 as N)
Potassium cyanide (CN)
Urea (CO(NH2)2)

10,000
2,000
10,000
2,000
10,000
1,000
100

250
5,000
2,500
5,000
2,500
20
20
5
20
20
20
20
20
500
20
50

+0.03
+0.01
—0.02
—0.03

+0.04
+0.30
+0.11
+0.15
+0.23
+0.02
+0.14
—0.05

+0.08
+0.92
+0.05
—0.02

+0.03
+0.02
0.00

—0.73
—0.16
—0.52
—0.18

+0.16
—0.73

+0.17
+0.30
+0.38
—0.14

+0.29
+0.12
—0.02

+0.99
+0.13
+0.07
+0.19
+0.07

—0.07
—0.12

—0.02
—0.06
—0.17

+0.15
+0.04

+0.01
+0.13

Ifthe othersubstance did not interfere,the effects would be expected (95%)

confidence) to lie between

± 0.16 at0.00pgN
± 0.20 at5.00sigN
(b) Data in this section were compiled by ICI (Organics Division), the Central
Electricity Research Laboratories, and byThames Water Authority, New River
Head laboratories.

E4 Hazards
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The usualprecautionsmustbe observed when handling concentrated sulphuric acid
and strongsodium hydroxide solutions, and sodium azide in both solid and solution
form. Solutions containing azide should not be flushed to drain withoutfirst being
decomposed. An excess ofsodium nitrite solution willsuffice.

E5 Reagents

Use analyticalgradereagentswheneverpossible.SeePartA2.1 regarding water.

E5.1 Sulphuric acid, d20 1.84.
E5.2 GlacialAceticAcid, d20 1.28.
E5.3 20% rn/V sodium hydroxide/5%rn/VEDTAsolution
Cautiouslydissolve200 ± 2gof sodium hydroxide pelletsin about800 ml ofwater.
Add50 ± 0.5g ofethylen&diaminetetraceticacid disodium saltand dissolve. Cool to
room temperatureand make upto 1 litre with water inameasuring cylinder. Store in
a polyethylene bottle.
E5.4 0.5%rn/Vsodium azide solution
Carefully dissolve5.0 ± 0.5g ofsodium azide in about900 ml of water and diluteto 1
litre with water ina measuringcylinder. Store in aglass bottlelabelled "POISON".

E5.5 1% rn/V Sodiumsalicylatesolution
Dissolve 1 ± 0.ig ofsodium salicylate in 100 ± 1 ml ofwater. Store in aglass or
polyethylene bottle. Preparethis solution freshly on eachdayofoperation.
E6 Apparatus

E6.1

Anycolorimeter or visiblespectrophotometer equipped with 40 mmcells may

be used.

A waterbathand a seriesofsmall (about25 ml) capacityevaporating dishes
arerequired.Ifthe dishes arenew,or not inregularuse, theyshould first be
thoroughly rinsedwithwater. Blank determinations (Step E7. 10) should then be
carriedoutin eachdish. Theresults should give,from theirstandarddeviation, alimit
of detection comparable tothat quoted inSection El.7.
E6.2

E7 Analytical Procedure

Step Procedure

Notes

Analysis of samples
E7.1 Take an aliquot,V ml, ofsample (note a) ofbetween

0.5 ml and 25 ml, suchthat the aliquot contains
between1 and 5 .gNO3 as N. Placein a small
evaporating dish (note b).

E7.2 Add 0.5 ± 0.005 mlof sodium azide solution (note

c).

(a) Sampleswith pH>8 should be neutralised with
acetic acid.

(b) See Section E6.2
(c) Theaddition ofsodium azide canbe omitted
when the concentration ofnitrite isknown to be
insignificant(in the analysts judgement) in
comparison tothenitrate concentration.

E7.3 Add 0.2 ± 0.002 ml of glacial acetic acid. Waitfor at
leastfiveminutes.
E7.4 Evaporate the mixture to dryness on a boiling water
bath.
E7.5 Add 1 ± 0.01 mlof sodium salicylate solution, mix
welland evaporate the mixture to dryness. Remove
from the waterbath and allow to cool to room
temperature.
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Step Procedure

Notes

E7.6 Add 1 ± 0.01 ml of sulphuric acidand dissolvethe
residueby gentleagitation. Standfor ten minutes.
E7.7 Add 10±1 mlofwaterfollowedbylO±0.1 miof
sodium hydroxidefEDTA solution.
E7.8 Transfer the mixture to a 25 ml calibrated flask.
Rinsethe basin contentsintothe flask but do not
makeup to volume. Place the flask in a waterbath at
20 ± 0.5°C for 10 ± 2minutes. Then remove the
flask and makeup to volume with water.
E7.9 Measure the absorbance ofthe solution at 415 nm in
40 mmcells against distilled waterasreference
(notesd and e). Letthe absorbance be units.

A

(d)Do notinterchange the reference and sample
cells, unless they have been shown to be an
optically matched pair.

(e) Tests of standard solutions indicate that their
absorbance values remainconstantover24
hours.

Blank determination
E7. 10 Take 5 ± 0.05 ml ofwater and carry it through steps
E7.1 toE7.9. Letthe absorbance (stepE7.9) be AB
units.

Correctionfor Coloured Samples
(Notef).

E7.11 Takethe same sample aliquot as usedin step E7.1
and carry itthroughstepsE7.ito E7.9, but omitting
the addition of sodium salicylate at step E7.5. Let

(f) This correction must be applied at the analyst's
discretion. Typicallyitwill be requiredwhenthe
colour of the sample exceeds20Hazen units if
the maximum sample volume is to beused.

the absorbance be Aunits.
Calculationof Results

El.12 Calculate the absorbance due to nitrateon the
sample, A1, from
Ar = As — AB —
Determinethe mass of nitrate, M pg expressed as
nitrogen,from Ar and the calibration curve (Section
E8).
Nitrateconcentration ofthe sample

= M mg/i
V

whereV is the sample volume takeninstep E7.1

ES

E8.1 Prepare a working standard nitrate solution of 1 mg/i, as described in Part
A2.4. To a series of clean, dry evaporating basins add, from a burette, 1, 2, 3, 4 and
5 ml of this standardsolution respectively, corresponding to 1, 2, 3, 4 and 5
of
be
with
nitrate (N) in the respective basins.
(To performed
eachnewbatchof
E8.2 Carryeachbasin through the analyticalprocedure, step E7.2 to E7.9, together
reagents).
with a blank determination.
Preparationof
Calibration Curve

g

E8.3 Subtract the absorbance of the blank solution from the absorbances of each of
the standard solutions and plot a calibration graph of absorbance against mass of
nitrate, ig N. This should be linear through the origin.
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Themethod permits the determination of up to 0.2 mg/i using the fullsample volume
Concentration Range of 25 ml. Smallersamplealiquotsmay be taken in order to extend considerably the
ofthe Method
concentration range ofthe method: examples ofthis extension and its precision are to
be found in Section E1.6, but the analyst should check the precision of whatever
variation is used.

E9 Changein

ElO Sources ofError

The main sources of error in this method are potential interferences, which are
discussed in Section E3.

35

Method F

The Determination of Nitrate by Direct

Ultra-Violet Spectrophotometry
Tentative Method

Fl Performance
Characteristicsofthe
Method
(For further
informationon the
determination and
definition of
performance
characteristicssee
Reference 15)

Fl.1

Substance determined:

Nitrate ion.

Fl.2

Type of Sample:

Non-saline waters low in organic matter and
certain wastewaters with high levels of

nitrate.

Fl.3

Basis ofMethod:

Ultra-Violet spectrophotometry.

Fl.4 Rangeof application:

Using a40 ml sample up to2.0 mg/l, which
canbe extended upwards bytakinga
smaller sample volume.

Fl.5 Calibration Curve:

Linearat leastto 2.0 mg/i as N, using a
40 ml sample.

Fl.6 Total StandardDeviation (a):
Type of Sample
Drinking waterA
Riverwater
Potassium nitrate solution
Drinking waterB
Boreholewater

Sample Size Concentration Total StandardDeviation
ml
mg/i
mg/I
40
40
40
40
4

0.098
0.60
1.00
1.60

9.0

0.013
0.009
0.005
0.017
0.108

9 degrees offreedomin eachcase

Fl.7

Limit ofdetection:

0.03mg/litre as N (9 degreesoffreedom)for
samples containing no interfering
substances, but maybe much higher if
interfering substances are present(see
Sections F3 andFlO).

Fl.8
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Sensitivity(a):

1 mg/i nitrate Ngives an absorbance of

approximately 0.44,using40 ml ofsample.

F1.9 Bias:

Not known. Sample instability maybe a
potentialsource ofbias.

Fl.10 Interferences (a):

Organic matter, bromide, iodide,iron (III)
and chromate are the most serious
interferences.
See Section F3.

Fl.11

10 samples perhour (analytical and
operatortime).

Time requiredfor analysis (a)

(a) Information supplied by NorthWest WaterAuthority. Eachestimateof
standard deviation has 9 degreesoffreedom.

F2 Principle

The nitrate ion has a strong absorption band in the far ultra-violet with a peak at
202 nm and in the absence of other substances which absorb in this region of the
spectrum, nitrate can be detenninedrapidly by direct measurement of its ultra-violet
absorbance.

F3 Interferences

P3.1

Scattering of light by undissolved particles is a greater source of error in the
ultra-violet than in the visible region of the spectrum. Suspended matter or turbidity
must, therefore, be removed and the method must not be used on samples which
cannot be filteredto give a clear and brightfiltrate.
F3.2 Many dissolved substances which may occur in water absorb radiation at the
lower end of the ultra-violet range and this is the main restriction on the use of the
method. The nitrite ion absorbs over a similar wavelength range to nitrate, but is
removed by the addition of suiphamic acid. Carbonateandhydroxyl ions interfere,
but are easily eliminated by acidification.The sulphuric-sulphamicacid reagent will
prevent interference by carbonate and/or hydroxylions up to 2000 mg/l (calculated as
calcium carbonate, CaCO3) and up to 6.4 mg/i of nitrite nitrogen.
P3.3 The effects caused by certain other substances likely to cause interference are
shown in Table II.

Table 11(c)
OtherSubstance (Expressed in Concentration Effect in mg/lN ofother substance
at anitrateconcentration of
termsofsubstance in brackets) ofother
substance
(mg/i) in a

4omlsample
portion
sodium chloride (C1)
potassium bromide (BC)
potassium iodide (V)
iron (Ill) chloride (Fe)
•.

4000

0.8
0.7
0.3
1.0

20
ammonium ferrous sulphate(Fe)
0.1
dichromate
potassium
(Cr)
100
manganese (II) sulphate(Mn)
5
sodium nitrite (N)
2000
sodium carbonate (Na2CO3)
Manoxol OT (as the substance)
5
Preservation solution (note a)
0.1 (note b)

If the other

o.ooo
mgi!

0.100
mg/i

2.000

+0.033
+0.053
+0.084
+0.070
+0.194
+0.033
+0.020
+0.022
+0.072
+0.024
+0.007
+0.209

+0.020
+0.039
+0.060
+0.041
+0.184
+0.050
+0.006
+0.033
+0.020
+0.015
+0.002
+0.169

+0.007
+0.053
+0.093

mg/i

+0.103
+0.174
+0.026
—0.006

+0.004
+0.078
+0.021
+0.001
+0.162

substances did not interfere, the effects would be expected (95%

confidence) to lie between:

± 0.016 at0.000mg/i N

± 0.020 at 0.100 mg/i N

± 0.087at2.000 mgi!N

(a) As described in PartA2.5
(b) 0.1 ml in a 40 ml sample portion. This corresponds to 2.5 times the dose
recommended in Part A3.1
(c) These data were obtained by Thames Water Authority, Directorate of Scientific
Services, New River Head Laboratories
P3.4 Dissolved organic matter, mainly humic substances, is the most frequentcause
of interference, butdissolved iron (especiallyferriciron) and other heavy metalsand
hexavalent chromium may interfere. Chloride and bromideions show absorption in
the ultra-violet in the region of 200 nm and below, and other ions show a
steeply-rising absorption with decreasing wavelength as the wavelength approaches
200 nm which is the lowerlimit of the wavelengthrange of ultra-violet spectrophotometers. The choice of 210 nm as the wavelength for the measurement of nitrate
concentration is made so as to be close to the peak maximum and to minimize
interference by chloride. Use of the maximum absorbance wavelength of 202 nm
would increase this interference. Even so the method is not suitable for most saline
waters largely because of interference by bromide ions.
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F3.5 A correction for ultra-violet absorbing substances other than nitrate is madeby
measuring the absorbance of samples at two wavelengths, 210 and 275 nm. At
concentrations suitable for measuring at 210 nm the nitrate ion has no significant
absorbance at the higher wavelength. Subtraction of the absorbance at 275 nm
multiplied by an appropriate factor from the gross absorbance at 210 nm gives a
corrected absorbance from which the nitrate concentration is calculated (6) (7) (8).
An average correction factorof4.0 for organic matterin potable watersources in the
UK has been recommended, but this must be confinnedor a more appropriate factor
for each source of water determined by comparison with the nitrate determined by
some other method.

The value of this factor may vary between 2 and 5 for potable waters. If the
absorbance at 275 nm exceeds 10 per cent of that at 210 nm the result is of doubtful
valueand the method should not be used. For potablewaters this situation is likelyto
occurwith waters from upland reservoirs which are low in nitrateandhigh in organic
matter derived from peat.
F3.6 An additional check on the validity ofthe result can be obtained by comparing
the shapeofthe absorption curve ofthe sample between 200 and 240 nm with thatofa
standard solution of potassium nitrate. The curves should be generally similar and
show a point ofmaximum slope at the same wavelength, otherwise the validity of the
resultis in doubt. This comparision should be made, both initially and from time to
time, on samples from sources which have a pronouncedabsorbance at 275 am.
F4 Hazards

F4.1 Ultra-violet light is damaging to the eyes and can produce skin burns on
prolonged exposure. Care should be taken to ensure that there is no light leak from
the apparatus.

F4.2 Normal precautions must be observed when handling concentrated sulphuric
acid.
F5 Reagents

Analytical gradereagentsshould be used whenever possible.
F5.1 Distilled water (to be usedthroughout this method)
Water obtained by distillation in an all-glassapparatusandstored in glass containers
should be used throughout this method. De-ionized water is not suitable owing to the
presence of traces of ultra-violet absorbing organic matter derived from the
ion-exchange resins. See Section Fli.
F5.2 5% V/V Sulphuric acid

Add slowly and cautiously with stirring 25 ± 0.5 ml of sulphuric acid (d1.84) to
about 250 ml of distilled water in a 1-litre beaker or flask standing in cold water.
Allow to cool to room temperature and dilute to 500 ml with water in a measuring
cylinder. Store in a glass stoppered bottle.

F5.3 Sulphuric Acid/SuiphamicAcid Reagent
Dissolve 5.0 + 0.lgofsuiphamic acidin 500 + 10 ml ofsulphuric acid5% V/V (F5.2).
This solution is stable for at least 2 months. Store in glass stoppered bottle.
F5.4 Stock standard nitrate solution. 1 ml contains 100 p.g N
Dissolve 0.722 + 0.OOlg of potassium nitrate (dried at 105°for at least two hours) in
about800 ml ofwaterand makeup to 1 litre with waterin acalibratedflask. Store the
solutionin a stoppered glass bottle. This solution is stablefor two weeks.
F5.5 Working standard nitrate solution 2 mg/I
Pipette20 ml ofthe stock standardnitrate solution (F5.4) into a 1 litre calibratedflask
and make up to volume with water. Prepare this solution freshly.
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F6 Apparatus

F6.1 General

Glassvesselsshouldbe used for all reagents, standards and samples. They must be
scrupulously clean preferably by treatment with concentrated sulphuric acid and
thorough rinsing with tap water followed by distilled water.
F6.2 Ultra-violet/Visiblespectrophotometer
An instrument capable of reading absorbances at wavelengths down to 200 nm.
F6.3 10 mm Silica cells (reserved for this method, see step F7.1).
F6.4 Glass fibre filterpapers retaining particles over about 1

Fl

m diameter.

Analytical Procedure

Step Procedure

Notes

Check of matching and cleaning cells
(note A).
F7.1 Fillboth sample andreference cellswith distilled
water,and measurethe absorbance difference at
210 nm (note b). This should not exceed 0.02
absorbance units (note c). Reserve the cells solely
forthis method andalways use the same cell forthe
reference solution.

(a) Carryoutthis check on the cells before beginning
the analysis ofany sample.
(b) If the absorbance reading is negative reversethe
cells.

(c) Clean the cells asdirectedin Section F6.1 ifthe
absorbance difference is unacceptable. Discard
thecells ifrepeatedcleaning is noteffective.

Determinationof Reagent/Cell Blank
F7.2 Add 1 ± 0.1 ml ofsulphuric acid/sulphamicacid
reagentto a 50 mlcalibratedflask. Dilute to volume
with distilled water, mixwell, and record the
absorbances, B210andB275, of this blank at 210 and
275 nm against distilled waterin the reference cell.
Ifthe absorbance ateither wavelengthexceeds0.05
absorbance units discard the reagentandpreparea
freshreagentsolution.
Analysisof Samples(noted)
F7.3 Assemble a 7 cm glass fibre ifiter paperin a suitable

holder,wash with at least 100 ml distilled water.
Readthe absorbance ofthe finalwashingat210 nm.
When correctedfor any difference in absorbance
betweenthe cells thismust notexceed 0.02
absorbance units. Ifthisfigure is exceeded continue
washing with distilled wateror reject the filter paper
(notee).
F74 Filterthe sample throughthe 7 cm glass fibrepaper
preparedas instep F7.3. Rejectthe first 20 mlof
ifitrate. The ifitratemust beclear and bright.

(d) Sampleswith negligibleturbidity or suspended
matterneednot be filtered. OmitstepsF7.3and
F7.4 and start at stepF7.5.
(e)Eachfilter paperusedmustbe pre-washed. The
absorbance checkonthewashing need only be
one perpaperfor eachbatchofsamples.

F7.5 Measureby pipette a volume, Vml, ofsample

g

containing not morethan 80 nitrate nitrogen, into
a 50 ml calibratedflask. Add 1 ± 0.1 mlofsulphuric
acid/sulphamicacidreagent. Dilute tovolume with
distilled water and mix well.
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Step Procedure

Notes

F7.6 Measure the absorbance at210 and275 nm against
distilled water in the reference cell. If the sample
absorbance at275 nm exceeds 10 per cent ofthe
absorbance at210 nm the result will be unacceptable
and anothermethod will have to be used.
F7.7 Calculation of Result

(f) SeeSection F3.5

Calculate the corrected absorbance ofthe sample,
Ac, at 210 nm as follows:

= (A210 —B210)
A
where

—

F(A275 —

B275)

A210 = Absorbance reading ofsample at210 nm.
B210 = Absorbance reading ofreagent/cell blank at

210 nm.

A275

= Absorbance reading ofsample at275 nm

(note1).
B275 = Absorbance reading ofreagent/cell blank at
275 nm.

F

= Correctionfactor,whichis normally 4 but

must be determined foreach source ofwater
(noteF).

F7.8 Determine the mass ofnitrate (as N), M p.g, in the
sample from and the calibration curve.
F7.9 Nitrateconcentration of the sample = Mmg/1

A

F8 Preparationof

Calibrationcurve,

F8.1 Measure by pipette the volumes in the table below of dilute standard nitrate
solution2 mg/I (F5.4) and transfer to a seriesof 50 ml calibrated flask.

(To be carriedout with
eachbatchof
analyses).

Volume of Standard
Nitrate Solution
ml

pq Nitrate (N)

5

10
20
30
50
80

10
15

25

40

F8.2 To each flask add 1 ± 0.1 ml of sulphuric acid/suiphamicacid reagent (F5.3).
Dilute to volume with distilled water and mix well.
F8.3 Measure the absorbances at 2lOnm against distilled water in the reference cell
and USING THE SAME CELL AS THAT USED FOR THE REAGENT/CELL
BLANK.
F8.4 Subtract the reagent/cell blank absorbance reading at 2lOnm from these
absorbance readings and plot the corrected readings against the amounts of nitrate
nitrogenin micrograms.

Themethodpermitsthe determination of up to 2 mg/iusing the full sample volume of
Concentration Range 40 ml. Smallersample aliquots may be taken in order to extend considerably the
of the Method.
concentration range of the method; examplesofthis extension and its precision are to
be found in Fl.6, but the analyst should check the precision of whatever variation is

F9 Change in

used.

FlO Sources of Error

Fl0.l The main cause of errors with the directUVspectrophotometric methodfor
nitrate is the ubiquitous nature of water-soluble UV-absorbing substances. All
apparatuswith which samples and standards come into contact in any way must be

kept scrupulously clean and preferably not used for other purposes. Experience has
shown that the use ofthe cells for other purposes may increase the absorbance ofthe
cell at low UVwavelengthsand that the contaminating substance cannotbe removed
by normal methods of cleaning. It is, therefore,necessary to check the absorbance
matching of the cells before commencing the analysis of each batch of samples.

a measurement near the lower limit of the
of
most
UV
wavelength range
spectrophotometers and any deficiencyin maintenance
and adjustment of the spectrophotometer is likely to cause errors. Hence the
requirement to recalibrate the method with each batch (Section F8.l).
Fl0.2 The nitrate is calculated from

Fl0.3 Interferingsubstances. See Section F3.
Fl0.4 Quality ofdistilled water. See SectionF5.1. For a method ofcheckingdistilled
water quality see Section Fli.

FlI DistilledWater
Quality

De-ionised water is not suitable for use with this method due to the presenceof traces

of UV-absorbing substances derived from the ion-exchange resins as well as organic
matterinthe original waterbeforepassage through the de-ionizer. Itmaybe advisable
to check that the distilled water usedis sufficientlyfree from UV absorbing material
and the following method is suggested.

Fl1.1

Place 500 ± 20 ml distilled water in a clean all glass distillation apparatus.

Fl1.2

Distil 200 ± 10 ml and retain this distillate separately.

Fll.3 Distil a further50 ±

10 ml andretain this portion of distillate.

Fll.4 Continue the distillation until a total of 400 ± 20 ml has been distilled.
Fll.5 With the distillate from step Fl1.3 in the reference cell measure the
absorbance at 210 nm of the residue in the distillation flask from step F11.4

Fl1.6 Repeat step Fil.5 using distillate from step Fl1.2 (the forerunnings) instead
of the residue.

F11.7 When corrected for the cell difference, absorbance measurements on the
residueand forerunnings ofa satisfactorydistilled water do not differ morethan 0.005
absorbance units. If the absorbance difference exceeds this, repeat the test. If the
second test confirms the previous result, the laboratorysupply of distilled water must
be redistilled until it complies with these requirements.
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Method G

The Determination of Nitrate using a
Nitrate-Selective Electrode

Tentative Method

Gi

Performance

G1.1

Substance determined:

Nitrate ion.

Method

G1.2

Type of Sample:

Raw and potable waters.

(Forfurther
information on the
determination and
definition of
performance
characteristics see
Reference 15)

Gi.3

Basis of Method:

Samples are treated with a reagent to make
uniform their ionic strenth and pH value.
The nitrate concentration is measured
potentiometrically in the treated sample by
means of a nitrate-selective electrode,using
either a calibration curve or by a standard
addition procedure. (See Section G7).

Characteristics ofthe

G1.4 Range of application:

1—1000 mg/l.

Gi.5

Log-Linear over the range of application.

Calibration Curve:

G1.6 Total Standard Deviation (a):
Procedure 1 (see Section G7)
Sample Type

Concentration
mg/i

Synthetic Solution
Synthetic Solution
Potable Water
Spiked River Water

1.00
50.0
6.5
21.5

Standard Deviation Degrees ofFreedom
mg/i
0.020—0.177

9

0.59 —5.5
0.13 —0.58
0.52 —1.8

9
9
9

Procedure 2 (See Section G7)
SampleType

Concentration

Synthetic Solution
Synthetic Solution

Potable Water

Spiked River Water

Gi.7 Limit ofdetection: (Defined as the limit of
Nernstian Response under the conditions ofthe
method)

01.8

Sensitivity:

mg/I

1.00

0.043—0.283

50.0
6.7
21.9

0.98 —8.1
0.08 —0.76
0.32 —1.8

9
9
9
9

Dependent uponelectrode type. Typicallythe lower
limit ofNernstian response is in the range 0.05to
0.5 mg/i

Thepotential ofthe electrode changes by
approximately60 mV per decadic change ofnitrate
concentration, in accordance with the Nernst
equation.
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Standard Deviation Degrees of Freedom

mg/I

G1.9 Bias(a):
Procedure 1 (See Section G7)
Sample Type
Synthetic Solution
••

PotableWater
Spiked RiverWater

Concentration
mg/i

Bias Range
%

to +

32
7

1.00
50.0
6.5
21.5

—1

—2

to + 20

1.0

—1
—2

to +

—1

to +

0

to+

+1 to

+ 22

Procedure 2 (See Section G7)
Synthetic Solution
••

Potable Water
SpikedRiver Water

50.0
6.7
21.9

11

to+13

+3 to +

18
9

01.10Interference:

Arangeof anions interfere. See Section G3.

G1.11 Time Requiredfor Analysis:

15 minutes for electrode calibration and analysis of a
single sample. 5 minutes for subsequent samples.

(a)

Datafrominterlaboratoryexercises, in whichfour laboratories participated.
Samples were analysed induplicate oneachoffive separatedays.

G2 Principle

G2.1 The sample is treated with a reagent to make uniform the ionicstrength and
pH value. The nitrate-selective electrode adopts a potential, with respect to a
reference electrode,which is proportional to the logarithm of the activity of nitrate
ions in the treated sample. Becausethe ionic strengths in both standards andtreated
samples are similar, the sensed activity is read directly as a concentration from the
calibration curve, or calculated from known addition results.
The reagent specified is selected as compatible with all known commercial nitrate
electrodes. Other formulations, such as those based on borax, are satisfactory for
some electrodes but less satisfactory for others.
G2.2 Two analytical procedures are given. One relies upon the preparation of a
calibration curve from which the concentration of samples is read off; this is referred
to as procedure 1. Procedure 2 is a known addition procedure, making use of the
electrode's pre-determined sensitivity factor, or "slope".
Procedure 2 may have advantages when electrode drift is a problem(Sections 010.4
and G10.5).
Other alternative procedures, such as the Gran's Plot method involving multiple
standardadditions, are given in references (9) and (It)).
G2.3 Results from interlaboratory exercises have confirmed there to be a wide
variation in accuracy and precision with this method (Gi.6 and Gi .9). This method
thereforemust be regarded as suitable only for roughsorting analysis untilthe analyst
has satisfied himself that higher precision and accuracy are obtainable in his
laboratory.

G3 Interferences

03.1 The method is only suitable for samples giving pH values in the range 3 to 10
after addition of the buffersolution (Section 05.4); strongly acid or alkaline samples
must first be neutralised prior to buffer addition.

03.2 Nitrate-selective electrodes suffer interference from several commonlyoccurring anions. The exact extent of interference varies between electrodes.
However, manufacturers usually quote selectivity coefficients (expressed on a molar
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basis) from which the likely extentofinterference can be calculated using the formula

E = 100

I

K1

X,

C
where K1 is the selectivity coefficient for the interfering anion, i;
X, is the concentration, in moles per litre, of the interfering anion, i;
Z is the valency of the anion, i;
C is the concentration, in moles perlitre, of nitrate in the sample;
E is the percentage apparent increase in the measured nitrate concentration
caused by the interfering anions.
Thefollowingtable gives typical selectivitycoefficientsfor a rangeof anions, together
with computed concentrations which would cause an apparent 1 mg/l increase in the
measured nitrate concentration when present singlyin a 10 mgfl nitrate solution:
Anion

Chloride
Bicarbonate
Nitrite
Fluoride
Iodide
Bromide
Carbonate
Cyanide
Sulphate

Valency

Selectivity
Coefficient

1

1
1
1

1
1
2
1
2

5 x iO3
3 x io5 x 10—2

7x

iO
10

10_i

2 x i04

io
10—2

6x

Concentrationof Anion (in mg/l) to
give apparent 1 mgfl increase on
10 mg/I nitrate
51

1450 (as HCO)
2 (as N)
194
.09

5.7
358 (as CO)
19 (as CN)
331

G3.3 The buffer solution (Section G5.4) may be modified as described in sections
G10.2 and G10.3 to overcome interference from nitrite or chloride. The buffer
solution alreadycontains sufficient sulphuric acid to overcome interference from the
concentrations ofbicarbonate and carbonate usuallyfoundin raw and potablewaters.
G3.4 Certain types of electrode may be affected by organic matter, including
detergents.With one type of electrode sodium dodecyl sulphate and dioctyl sodium
sulphosuccinate gave K, values of respectively 12 and4.
Analysis of samples containing detergents may therefore be inadvisable. Detergent
traces resulting from cleaning of apparatus mayalso cause difficulties.

G4 Hazards

There are no special hazards with this method. Normal laboratorysafety precautions
must be observed.

G5 Reagents

Analytical gradereagentsshould be usedwhenever possible. See Part A2.1 regarding
water.

G5.1 Suiphamic acid, H2NSO3H.
G5.2 Silver sulphate, Ag2SO4.
G5.3 Approximately 1M sulphuric acid
Carefully add 56 ± 1 ml of concentrated sulphuric acid (d20 1.84) to about 900 ml
water and dilute to 1 litre in a measuring cylinder. Store in a glass stoppered bottle.
G5.4 Buffer Solution, approximately 1M potassium dihydrogen orthophosphatel
0.05Msulphuric acid.
Add 50 ± 1 ml of 1M sulphuric acid to about 800 ml of water and mix thoroughly.

Then dissolve 136 ± ig of potassium dihydrogen orthophosphate in the mixture.
Dilute the wholeto 1 litre with waterin a measuring cylinder. This solution is stable
for at least three months. Store in a glass-stoppered bottle.
G5.5 StandardNitrate solution, 1 ml contains5 mgNO3 asN (forprocedure2 only)
Prepare this solution in the same way as described in part A2.2 but using 36.09 ±
O.05gof potassium nitrate. This solution is stablefor at least three months. Store in a
glass stopperedbottle.

G6 Apparatus

of electrode are commercially
available: attention should be paid to the selectivity and response range of the
electrodes in choosing one for use.
G6.1 Nitrate-selective electrode. Several types

G6.2 Reference electrode. The correct selection and maintenance of the reference
electrodeis of great importance. The electrode should have preferably a sleeve-type
liquid junction, or a large frit-type liquid junction. Follow the manufacturer's
instructions concerning the choice of bridge solution, but avoid those solutions
containing nitrate ions; a potassium chloride solution ofconcentrations between 3 and
4M is generally satisfactory for chloride-based reference electrode systems (eg
calomel electrodes). This bridge solution should be renewed at leastonce a week.The
referenceelectrodemust be repaired or renewed at the first sign of any deterioration
in performance. The potentialof the electrode should, in the absence of temperature
effects, remain steady to ± 0.01 mV. If the flow rate ofthe liquid junction exceeds 0.1
ml/5 cm head/day, it is preferable to use a mercury/mercurous sulphate/1M sodium
sulphate reference electrode to avoid contamination of the nitrate electrode with
chloride ions.
G6.3 pH/millivoltmeter.
The meter should have one high impedance input (>1010 ohm) and be precise to
± 0.2 mV or less. The precision of the methodis to a large extent dependent on the
precision of the potentialmeasurements. A meter with a directreading concentration
scale may be used.
G6.4 Magnetic stirrer. with PTFE or polypropylene-coatedstirring bars.

G7 Analytical
Procedures

Note thattwodistinct procedures are givenin thissection. See sections G2.2and G2.3

Step Procedure

Notes

Procedure 1 — Graphicalor Direct Reading
Method
G7.1

Pipette50 ml ofsample intoa dry 100 ml beakerand
add bypipette2 ml ofbuffersolution. (Notes a, b
and c).

(a) Strongly acid or alkaline samplesmustfirst be
neutralized. See Section G3.1.
(b) Thesample temperaturemustbe within 1°C of
thetemperatureatwhich calibration is carried

out(G10.4).

(c) Referto Section GlO for sample pre-treatment
procedures whennitrite and/or chloride
interference is likely.
G7.2 Stir the solutionbymeans ofthe magnetic stirrer.
Thestirringrate should be brisk,but not sufficient to
createa largevortex(noted).

(d)To avoid possibleheatingof thesample by the
stirrermotor, athin sheet ofinsulating material
maybe placed underthebeaker.
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Step Procedure

Notes

07.3 Immersethe tips ofthe electrodes (previously
connected to the meter, with the nitrate electrode
connected to the high-impedanceinput) in the
solution, takingcarenot to trap air bubbles on the
electrodetips.
G7.4 Measure and record the potentialE1 mV, between
the electrodes when it has become constant to within
0.1 mY in 30 seconds (note e).

(e) Theelectrodes should be removed fromthe
solution as soon aspossible aftertaking a
measurement (step G7.5) in order to minimize
possiblecontamination ofthe nitrate electrode
from interfering ions presentineither the sample
itself orthe reference electrode bridge solution.

07.5 Remove the electrodes fromthe solution, rinse them
with water and blotwithtissuepaper, taking care
notto damage the nitrateelectrode membrane.
G7.6 Repeatsteps07.1to 07.5foreachsample in turn
(notef).

(f) Thetimerequiredfor electrode equilibration will
be reduced, andpossible hysteresis effects will be
avoided if, wherever possible, samples are
analysed in ascendingorder of concentration.

Calculationof Results
07.7 Determinethe nitrate concentration from the
potential,E1 mV, and the calibration curve (Section
G8). Report the resultsas mg/i (note g).

(g) Directreadoutofconcentration is available with
some meters. See Section08.4.

ElectrodeStorage
G7.8 Between batches ofsamples, store the nitrate-

selective electrodein astandardsolution within the
normal concentration range of the samples. The
reference electrodeshould be storedin water
contained in a separate vessel.

Procedure 2— Known Addition method
G7.9 Proceedas instepsG7.1 to G7.4. Immediately upon
completion ofstep G7.4 (but ignoring note e) inject,
by micro-pipette, 0.2 ml ofa 5000 mg/l nitrate
standardsolution (G5.5). Measure and record the
newpotential,E2mV, when it has become constant
towithin 0.1 mV in 30 seconds (notee applies at this
point).

07.10 Repeatstep G7.9for eachsample in turn.
Calculationof Results
07.11 Determinethe electrode's "slopefactor", 5, in mV
per decadic change in concentration as detailed in
G8.3 (note h).

07.12 Nitrateconcentration of the sample =
20

I 1.004 x antilog
.

mg/i

E1—E
S

\21 — 1

(h)As an alternative, carrya 10 mg/istandard
solution through step 07.9.Letthe two
potentials be E3 and E4. Then:

S=

2.096(E3

—

B4)

Step Procedure

Notes

Electrode Storage

07.13 All as described in G7.8.

G8 Preparation of
Calibration Curve

G8.1 Prepare three working standard nitrate solutions which encompass the
expected range of sample nitrate concentrations, using Part A2.4.

(To be carried outwith G8.2 Proceed as in steps G7.1 to G7.4 for the three solutions, using the lowest
eachbatchof samples concentration first. Note the temperature at the time of calibration.
see also Section
G8.3 Plot a graphofthe measured potentials, in mV, for the three solutions against
G10.4).
the logarithm to base 10 of the concentration, in mg/l, of the solutions. The graph
should be linear. The slope of the graph, S, should be evaluated in units of mV per
decadic change of concentration, and should fall in the range 58.5 ± 2 for normal
laboratory temperatures (ie 15—25°C). If this is not so, refer to the electrode's
instruction manual.
G8.4 Somemetershave the facilityfor givingadirectreadoutof concentration when
usedwith ion-selectiveelectrodes. Calibration is usually effected using three standard
solutions, selected and preparedas given in G8.1. The meter's handbook should be
consulted for full details.

09.1 This method has been tested in the range 1 to 50 mgfl. The calibration,
Concentration Range however, is linear considerably above this range and, with suitable calibration
of the Method
standards to verify linearity, the method can be used for concentrations of up to
1000mg/I.

G9 Changesin the

09.2 The methodmay also be usedfor concentrations below 1 mg/I, butin this case
several closely-spacedstandard solutions will be requiredfor adequate definition of
the calibration, which may become non-linear. In addition, at such low levels
interferences from other ions may be difficult to overcome.
GlO Sourcesof Error

G10.1 As exemplified in Section Gi, this method is prone to poor precision. A
numberof factors may combine to produce poorprecision, and theseare discussed in
thefollowingsections. Overall, it is particularlyimportant with this method to work in
a careful, reproducible fashion, the details of which can only be fully established by
individual experience.

010.2 Nitrite interference

lithe samples contain sufficient nitrite to interfere (see section 03.2), add 0.ig of
sulphamic acid to each 50 ml portion at step G7.1 of the procedure. Ensure
dissolution is complete before continuing the procedure.

010.3 Chloride interference
If the samples contain sufficient chloride to interfere (see section 03.2) modify the
buffercomposition by first diluting it ten-fold and thenadding silver sulphateto give a
concentration in the diluted buffer solution of 3 ± 0.1 g/l.
For Procedre 1, the experimental procedure and calculation of results remains the
same,save that 25 ml of sample or standardand 25 ml of the modified buffersolution
are used. However, note that a reference electrode bridge solution containing no
chloride must be used, thus requiring a change to a mercury/mercurous sulphate
reference electrodesystem.
For Procedure 2, the experimental procedure is modified as for Procedure 1. The
calculationremains the same, butif the alternative method ofdetermining S described
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in note h is used the formula for S becomes:

=

(E3 — E4)
If the extra sample dilution necessary for this procedure is undesirable because the
nitrate-nitrogen concentrations in the samples are low, it may be preferable to
substitute the more expensive silver fluoride for the silver sulphate. In this case, the
original buffer (G5.4) is used as in the original procedure (G7) and a volume of
0.014M silver fluoride solution is added to both standards and test portions. The
volume is H x 10—2 ml, where H is the maximum concentration of chloride in the
samples in mg/i.
S

1.431

010.4 Calibration Drift
Providing the temperatureof samples and standards are controlled to be within 1°C of
each other, the slope of the calibration curve should remain constantthroughout an
analytical batch. However, the actual potentials given by the calibration standards
maydriftfrom their initialvalues. To guardagainst errorsresulting from such driftthe
calibration should be checked with one of the calibration standards every 30 minutes,
or after every 10 determinations, whichever is the sooner. In the event of drift being
discovered, recalibration should be carried out immediately. Two other remedies are
suggested in the followingsubsections.
010.5 Drift mayoften resultfrom improper maintenance ofeither ofthe electrodes.
Always maintain and store the electrodes in accordance with the maker'sinstructions
andwith the additional information given in this method.
A well-maintained electrode system may drift because of an effect from a sample
component. In this circumstance, the known Addition procedure(Procedure 2) is to

be preferred.

010.6 Surface active material
Complex effects arise with certain types of nitrate-selective electrode from the
presenceof organic matter, particularly anionic detergentsat concentrations of above
1 mg/i as Manoxol OT. Attention must be paid to this possibilitywhenever samples
containing these concentrations are to be analysed. In extreme cases it may not be
possible to employ this method on such samples.

Method

H

For the Spectrophotometric Determination

of Nitrite

Hi

Hi.1 Substance determined:
Performance
Characteristicsof the
Method
Hi.2 Type of Sample:

Nitrite ion.

(For further

Nitriteions react with a reagentcontaining
suiphanilamide and N—i—naphthylethylene
diamine indilutephosphoric acid.An azodye is formed and its concentration is

information on the
determination and
definition of
performance
characteristics see
Reference 15)

Hi.3

Basis ofMethod:

Sewage effluents, raw and potable waters.

determined spectrophotometrically.

Hi.4 Rangeof application:

Upto 0.25 mg/i usingthe maximum sample
volume of40 ml. The rangecan be extended
upwards bytakinga smaller sample volume.

Hi.5 Calibration Curve:

Linear to atleast0.25 mg/i (with the
maximum sample volume of40 ml).

Hi.6

Total Standard Deviation:

Sample T'pe
Spiked with
Sodium Nitrite

Sample
Volume
(ml)

Cell
Size
(mm)

40
40

40
40

0.040

10

10
10
10
10
10

0.40
1.60
1.01
0.20
0.30

Distilledwater

Sewageeffluent

Seawater
Riverwater

5
5
40
25

Nitrite (N)
(mg/i)

0.000

Total Standard
Deviation (mg/i)
(14 degrees of
freedom)
0.0001
0.0002
0.003
0.007
0.004
0.001
0.002

— 0.0003
— 0.0018
— 0.009
— 0.040
— 0.021
— 0.003
— 0.012

Hi.7 Limit of detection:

0.0001to 0.002 mg/I.

H1.8 Sensitivity:

nitrite (N) = 0.66 absorbance
(1) 2.5
units at 540 nm, 40 mm cell.
(2) 10 p.g nitrite (N) = 0.67 absorbance
optical density units at 540 nm, 10 mmcell

Hi.9 Bias:

Inter-laboratory bias on stablesamples
containing no interfering substanceswas less
than 1% and in most cases notsignificant.
Sample instabilitymay be apotentialsource
ofbias.

g
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H2 Principle

H1.i0 Interferences:

Amines, oxidizingagents,chioramines,
thiosuiphate, hexametaphosphate, acids,
alkalies and ferric iron may interfere(see
Section H3). Compensation for colour and
turbidity can be made(see H7.6).

Hi.11

Time requiredfor ana1ysis:

i—2 hr to analyse 20 samples.

+

This data was obtained from an interlaboratory exercise inwhich 5
laboratories participated.

The method is based on the diazotization of sulphanilamide by nitrite in the
presence of phosphoric acid, at pH 1.9, and the subsequent formation of an
azo-dye with N-l-napthylethylenediamine(11)(12). The absorbance of this dye is
measured at about 540 nm andis related to the nitrite concentration by means of

a calibration curve.

H3 Interferences

The effect of other substances on the determination is shown in Table III
Table III (a)

g

Other substance
Amount of Effectin N of other substance
in
tenns
of
substance
in
other
at a nitrite amount, in the 40 ml
(expressed
substance
in
brackets)
sample aliquot, of

a 40 ml
sample
aliquot

g
MagensiumAcetate(Mg)
Potassium Chloride (K)
Sodium Chloride (Na)
Sodium Bicarbonate (CaCO3)
(b)
*(NaHCO3)
Potassium Nitrate (N)
Ammonium Chloride (N)
Cadmium Chloride (Cd)

ZincAcetate(Zn)
Manganese Chloride (Mn)
Ferric Chloride (Fe)
Cupric Acetate (Cu)
Aluminium Sulphate (Al)
Sodium Silicate (Si02)
Urea (CO(NH2)2)
HydroxylammoniumChloride
(HONH3C1)

Calgon (Sodium
Hexametaphosphate)
(NaPO3)6

Sodium Thiosuiphate (S20)

0.00 sigN 1.00 pgN i0.0LgN
1,000
100
1,000
100
1,000

5,000
*8,41)0

100001
*168003
1,000
100
10
100
10
100
10
100
10
100
10
100
100
100
100

0.00
0.00
0.00
0.00
0.00

0.00
0.00
—0.03
0.00
—0.01

—0.07
—0.07
—0.13
—0.02
—0.13

.00

+0.03

+0.01

0.00

+0.03

+0.06

0.00
0.00
+0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
—0.03
—0.06
0.00
0.00

0.00
—0.01

—0.03
—0.03

+0.03

—0.06
—0.03
—0.03

—0.03
—0.09

—0.04

0.00

+0.03
+0.04
+0.04

—0.07
—0.03
—0.03
—0.51
—0.03
—0.07
—0.03

—0.06

+0.03
—0.06

0.00

0.00
0.00
+0.04

100

0.00

0.00

-0.01

50
500
100
1,000

0.00
0.00
0.00
0.00

—0.53
—0.80
—0.03

—0.10
—8.10
—0.82
—0.77

0.00

—
—0.09

Othersubstance
Amount of Effect in pg N ofother substance
at anitriteamount, in the 40 ml
(expressed intenns of substance in other
in
substance
sample aliquot,of
brackets)

a 40 ml
sample
aliquot

pg
Free Chlorine (Cl)
Chloramines (Cl)

0.00 pg N 1.00
2
20
2

20

0.00
—0.01
0.00
—0.01

gN

—0.22
—1.01
—0.06
—0.30

10.0 pg N
—0.25
—2.81

—0.07
—2.78

If the other substances did not interfere,the effects would be expected (95%

confidence) to be between:
± 0.02 at 0.00 pg N
± 0.08 at 1.00 pg N
± 0.14 at 10.0
(a) These data were obtained byYorkshire WaterAuthority, SE Division
(b) NaHCO3 values were amounts added, CaCO3 values are the conventional
alkalinity equivalent values.

gN

a

H4 Hazards

N-1-napthylethylenediamine dihydrochloride should be regardedas special hazard.

H5 Reagents

Analyticalgradereagentsshouldbe usedwhenever possible. See Part A2.1 regarding
water.

Skin contact with the solid and solution containing it should be avoided.
Normal precautions to avoid skin contact and/or ingestion should be taken in the
handling of all the other reagents.

Sulphanilamide reagent
Dissolve 40.0 ± 0.5g ofsulphanilamide in a mixture of 100 ± 1 ml oforthophosphoric
acid (87% m/V) and 500 ± 50 ml watercontained in a beaker. Dissolve 2.0 ± 0.2g of
N-1-naphthylethylenediaminedihydrochloride in the resulting solution. Transfer to a
1 litre calibrated flask and make to volume with water. Mix well and store in a
stoppered amber glass bottle. The reagent is stable for 1 month when stored at 4°C
andbrought to room temperature immediately prior to use.
115.1

H5.2 10% V/V Orthophosphoric acidsolution

Add 25.0 ± 0.2 ml of orthophosphoric acid(87% m/V) to 150 ± 25 ml water. Mix and
cool to 20 ± 2°C. Transfer the solution to a 250 ml calibrated flask and make to
volume with water. Stored in an amber bottle, the reagent is stable for 1 month.
H6

Apparatus

H6.1 General

All glassware should be cleared using 10% (VIV) hydrochloric acid followed by
thorough rinsing with water.
H6.2 Spectrophotometer

A spectrophotometer capable of operating at 540 nm and of accommodating 10 mm
and 40 mm pathlength cells.
Alternatively an absorptiometer with a filter having a transmittance maximum at
about 540 nm can be used, but a reduction of sensitivity and precision may result.
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Hi

Analytical Procedure

Step Procedure

Notes

Analysis of Samples
H7.1 Pipetteup to40 ml ofsample (containing up to 10
p.g nitrite nitrogen) into a 50 ml calibrated flask. Let
the volume ofsample taken be Vml. Add water (if
necessary) to give a total volume of40 ± 2 ml (note

(a) This step is important, for too low a pH value
may otherwise result during diazotization.

a).

H7.2 Add 1.00 ± 0.05 mlofsulphanilamide reagent. Mix
immediately by swirling.

(b)ThepH value must be 1.9 ± 0.1 atthis stage. See
sections H10.1 and H10.2.

H7.3 Dilutewith water to the mark. Mix and allow to
stand (noteb).
H7.4 Prepare a blank by treating40 ± 2 ml ofwater as
described in step H7.2 and H7.3.
H7.5 Measure the absorbance ofthe sample and blank
solutions against water in the reference cell using a
spectrophotometer at a wavelengthof540 nm (notes
c and d) between30 minutes and 120minutes after
step H7.3. Let the absorbance ofthe sample solution
by and that ofthe blanksolution Ab (note e).

A

(c) The wavelengthofthe absorbance maximum
should bechecked for eachindividual
instrument. This wavelengthshould be usedfor
all subsequent measurements.
(d) Do notinterchange the reference and sample
cells unless they havebeen shown to be an
optically matched pair.
(e) Overthe range 10°C—25°C the effect of
temperature on the timeforfull colour
development is given in the followingtable:
Development
Time
(Mins)

Percent colour development

__________________
10°C

18°C

25°C

15

95

30
60

96

96
99
100

96
100
100

100

The blankvalue increases with increasing
temperature and blanks and samples should not
differ by more than 2°C.

H7.6

Compensation for colour and/or turbidityin the sample
Ifsuchinterference issuspected, treat a duplicate sample as in step 117.1. Thenadd
1.00 ± 0.05 ml of10% V/Vphosphoric acidand continue as described under H7.3 to
H7.5.Let the absorbance obtained be Ac.
Calculation of results

H7.7

Calculate the absorbance,

Ar = A — Ab

Ar, dueto nitrite in the sample from:

or when acorrection for colour and turbidity (stepH7.6)has beenmade:
— Ab = A.
Ar =

A

H7.8

Determine the mass ofnitrite (as N), M ig in the sample from Ar and the calibration
curve.

H7.9

Nitriteconcentration in the sample

= M mg/l
V

H8 Preparationof
Calibration Curve
(To becarriedout for
eachbatchof new
reagents)

H8.1 Intoa seriesof 50 ml graduatedflasks add (by means of a 10 ml micro burette)
the volumes of nitrite solution (Part A2.7) shown in the table below.
ml of Solution A2.7

pg Nitrite (N)

Cell size (mm)

0.00
0.50

10 & 40
40

1.00
1.50

0.00 (Blank)
0.50
1.00
1.50

2.00
2.50
5.00
7.50

2.00
2.50
5.00
7.50

10.00

10.00

10&40
40
40
10 & 40
10
10
10

H8.2 Add water to give a volume of 40 ± 2 ml in eachflask.
H8.3 Continueas under procedure steps H7.2 to H7.5.
H8.4 Subtractthe absorbance of the blank solution from the absorbances obtained
for all otherstandards. Foreachcell sizeplotthecorrected absorbances against the
of nitrite (N) added. The calibration curve is normally linear and passes throughthe
origin.

g

H9 Changein
The method permits the determination of up to 0.250 mg/i using the full sample
Concentration Range volume of 40 ml. Smaller sample aliquots may be taken in order to extend
ofthe Method
considerably the concentration range of the method; examples of this extension and
its precision are to be found in Section H1.6, but the analyst should check the
precision of whatever variation is used.
H1O Sourcesof Error

H10.1 Ifthe alkalinity of the sample is high, suchthat a pHvalueof 1.9 ± 0.1 is not
attained at stage H7.3 additional 10% V/V phosphoric acid should be added prior to
step H7.2. The method will toleratean alkalinity of at least250 mg/i as CaCO3 when
40 ml of sample is used.
H10.2 In the unlikely event that the acidity of the sample be high, prior
neutralization with sodium hydroxide solution may be necessary in order to comply
with step H7.3.
H10.3 Interfering substances — see Section H3.
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Method J

Ji

The Determination of Nitrite by Titration
Tentative Method

Performance
J1.1 Substance determined:
Characteristicsofthe
Method
Ji.2 Type of Sample:

Nitrite.

(For further
informationon the
determination and
definition of
performance
characteristicssee
Reference 15)

Ji.3

Basis of Method:

Addition ofa known excessofsulphanilic
acidand back titration with sodium nitrite
solution.

Ji.4

Range ofapplication:

Up to 100 mg/Iusingthe maximum sample
volume of 400 ml.

Ji.5

Standard Deviation (within batch) for standardsolutions (a)
Nitrite
Concentration

Standard
Deviation

mg/I

mg/i

Degrees of
of
Freedom

6.9

0.372

7

13.8
20.7

0.313
0.350
0.313
0.313
0.375
0.313

5

37.6
34.5
51.75

69.0

J2

Principle

J3 Interferences
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Effluents and polluted water.

4
5
5
3
5

J1.6 Limit ofdetection:

2 mg/i

J1.7 Bias:

Nonedetected.Sample instability maybe a
potentialsource ofbias.

Ji.8

Interferences:

Aromatic amines may interfere

Ji.9

Time requiredfor analysis:

About30minutes per sample.

(a)

Data from ICI OrganicsDivision, Blackley.

The nitrite in a measured volume of sample is reactedunder acid conditions, in the
presenceof sodium bromideas catalyst with a known excess of sulphanilic acid. The
reaction temperature must be kept below 15°. The unreacted suiphanilic acid is
titrated with standardsodium nitrite solution with either visual or electrometric end
point detection.
The only likely interferences are from aromatic amines.

J4

Hazards

J5 Reagents

Normal precautionsto avoid skin contact and/or ingestion should be taken on the
handling of all the reagents.
Analyticalgrade reagentsshould be usedwhenever possible. See Part A2.1 regarding
water.
J5.1 1M sodium carbonate solution
Dissolve 106 ± ig ofsodium carbonate in about 900 mlof water and diluteto 1 litre in
a measuring cylinder. Store in a glass or polyethylene bottle.
J5.2 Suiphanilicacid solution
Dissolve 86.6 ± 0.lg of suiphanilic acid (dried at 105°C for at least two hours) by
boiling with about 400 ml ofwater and sufficient 1M sodium carbonate solution (J5.1)
to makethe solution faintly alkaline to brilliant yellow indicator paper. Filterthe hot
solution, cool, andtransferto a 1 litre calibrated flask. Diluteto 1 litre with water and
mix well. Store in an amber glass bottle.
J5.3 StandardO.5M sodium hydroxide solution
Dissolve 20.00 ± 0.05gofsodium hydroxide stick in about 800 ml ofwater. Allow the
solution to cool to room temperature, then dilute to 1 litre with water in a calibrated
flask. Standardize the solution by normal alkalimetric procedures. Store in a
screw-capped polyethylene bottle.
J5.4 0.5% rn/V phenolphthalein indicator solution
Dissolve 0.5g of phenolphthalein in 50 ± 1 ml of water and 50 ± 1 ml of industrial
methylated spirits Store in a glass bottle.
J5.5 Hydrochloric acid

d

1.18.

J5.6 Starch iodide indicator paper.
J5.7 Sodium bromide.
J5.8 10% V/V nitric acid solution

Dilute 100 ± 1 ml of nitric acid(d20 1.42)withwaterto 1 litre in a measuring cylinder.
Store in a glass or polyethylene bottle.
J5.9 0.SM sodium nitrite solution
Dissolve 34.5 ± 0.5g of sodium nitrite in water contained in a 1 litre calibrated flask,
make up to volume with water and mix well. Standardize the solution as follows:
Weigh about 4g (the exact weight is not required) of suiphanilic acid into a 1 litre
beaker; dissolve by boiling in 250 to 300 ml of water. Cool and titrate immediately
with standard 0.5M sodium hydroxide using 0.3 ml of 0.5% phenolphthalein solution
as indicator. Record the volume, A5 ml, ofstandardsodium hydroxide solution used

in the titration.
Dilute the neutralized solution to 800 ml with water and cool to a maximum
temperature15°C. Add 25 ml of hydrochloric acid, and titrate immediately with the
sodium nitrite solution to be standardized. Add the titrant in a steady stream, with
gentle stirring, to within 1.0 ml of the necessary amount calculated from the alkali
titrationand finish the titration by adding the nitrite solution 0.1 ml at a time until an
immediate faintblue colour is obtained on spotting a drop of the titratedsolution on
starch-iodide paper five minutes after the last addition ofnitrite. Recordthe volume,
B5 ml, of sodium nitrite solution used in the titration.
Carryout a blank titration on 800 ml water, 25 ml of hydrochloric acid J5.5 and the
same amount of 0.5M sodium hydroxide, A ml, that was requiredto neutralize the
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sulphanilic acid. Record the volume, Cs ml, of sodium nitrite solution used in this.
blank titration.
Note that addition of sodium bromide as catalyst is not necessary in this
standardization procedure.

Factor, F, of the sodium nitrite solution

-

—

A5

Bs

— C5

J5.10 O.1M sodium nitritesolution
Pipette 50 ml of a standardized 0.5M sodium nitrite solution J5.9 into a 250 ml
calibratedflask. Makethe volume up with waterand mix. Preparethis reagent freshly
each day. (Note, the factor F (J5.9) also applies to this solution).
J6 Apparatus

J6.1 Only normal laboratoryapparatusis requiredfor the methodwhen visual end
point detection is used. Electrometric end point detection requires additional

apparatusas follows:

Two 50 mm2 platinum foil electrodes.
Magnetic stirrer andplastic covered stirrer bar.
A 1.5 volt dc powersource (eg 1.5 volt dry battery)
Potentiometer.
Galvanometer: A taut suspension mirror instrument with high resistance coil,
preferably fitted with a variable shunt.
J7

Analytical Procedure

Step Procedure

Notes

Visual End Point Detection
J7.1

Transfer a measuredvolume, Vml, ofthe sample
(note a) to a 600 ml beaker. Dilute to 400 ml, if
necessary. Add 10.00 ± 0.05 ml suiphanilic acid
solution and 5.0 ± 0.lgof sodium bromide(note b).
Stirto dissolve.

(a)Thevolume must not exceed 400 ml, and must
not contain more than40 mgnitritenitrogen.
(b) Sodiumbromideis added to catalyse the

diazotisation reaction when analysingsamples. It

canbe omittedin standardization procedures.
See Section J5.9.

J7.2

Cool the solution to below15°C and add 10.0 ±
0.1 ml ofhydrochloric acid. Stirtomix (note c)

(c) Thesolution must be stirred gently to avoid
stirring air intoit.

J7.3

Titratethe solution with 0.1M sodium nitrite
(J5.10). The endpointis reachedwhenan
immediate blue colour isstill obtained whena drop
ofthe titratedsolution is spottedonto starch iodide
paper 5 minutes afterthe lastaddition oftitrant.
(Notes d and e).
Note the volume oftitrantadded. A ml.

(d)The5 minutes standing at theendpointis to
allow completion ofthe diazotisation reaction.
(e) Thetitrantshould be added in 0.1 ml increments
at the time.

J7.4

Carryout a blanktitration under the same
conditions, using400 ml ofwaterinstead ofsample.

J7.5 Note the volume oftitrant added. B nil.

Electrometric End Point Detection

J7.6 Proceedas in Step J7.1 but limit V to 150 ml. Cool
the solution to 15°C.
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Immersethe electrodes in the solution, positioned so
theyare 15 mmapart. (Notef). Applyapotentialof
50 mV across them. Balance the galvanometer.

J7.7

J7.8 Add 10.0 ± 1 ml ofhydrochloric acid(J5.5). Stir
magneticallyto mix(note g).

(f) Theelectrodes should be cleaned before use by
immersion in boiling 10% V/V nitric acid
solution.
(g) The solution must be stirred gently to avoid air
entrainment.

J7.9 Titrate the solution with 0.1M sodium nitrite
solution (J5.10), making slow additions while
stirringmagnetically. The end point is reached when
a permanent galvanometer deflection is observed
indicating depolarization of the electrodes. Note the
volume of titrant, A ml.

J7.10 Carryoutablanktitrationunderthe same
conditions, using 150 ml ofwater in place ofthe
sample. Notethevolume of titrant, B ml.
Calculationof Results
J7.11

Nitriteconcentration in the sample
(B

—

A) x

1400

x F mg/l

V
where:

A = volume,in ml, of 0.1Msodium nitrite

requiredin the sample titration.
B = volume,in ml, of0.1M sodium nitrite
requiredin the blanktitration.
=
V volume,in ml, of sample takenfor the
test.
=
F factor for 0.5M sodium nitritesolution
(J5.9).

J8 Calibration

Calibration is effected by the standardization of the sodium nitrite solution as
described in Section J5.9.

J9

J9.1

Sources of Error

The method is subject to the usual possible errors of any titrationprocedure.
The analyst must take whatever precautions are appropriate to the particular
analytical requirements.
J9.2 Visual detection of the end-point may be difficult in some samples. The use of
the electrometric methodwill avoid this difficulty.
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Checking the Accuracy of Analytical Results

the methods have been put into normal routine operation many factors may
subsequently adversely affect the accuracy ofthe analyticalresults. It isrecommended
that experimental tests to check certain sources of inaccuracy should be made
regularly. Many types oftest are possibleandthey should be usedas appropriate. As a
minimum, however, it is suggested that a standardsolution ofa nitrate or nitrite such
as potassium nitrate or sodium nitrite of suitable concentration be analysed at the
same time and inexactly the same wayasnormal samples. The resultsobtained should
then be plotted on a quality controlchartwhichwillfacilitate detectionofinadequate
accuracy, and will also allow the standard deviation of routine analyticalresults to be
estimated. For more detailed information on the types of test available and the
interpretation of their results, standards texts—such as those published by the Water
Research Centre (14) and by the DOEINWC Standing Committee ofAnalysts (15) —
Once

should be consulted.
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Estimation of the Accuracy of Analytical
Results using the Tentative Methods in this
Booklet

Before firmly recommending
the tentative methods for general use, it is desirable to
know the accuracy achievable in other laboratories. It would, therefore, be of great
value if any laboratory using or considering the use of any of these methods could
estimate the accuracy of its own analytical results and report the findings to the
Technical Secretary of the General Non-Metallic Substances Working Group* of the
DOE/NWC Standing Committee of Analysts, togetherwith full details of the precise
method used.

Theprecision achieved isofparticularinterest. Thevalue ofthis information would be
greatly enhanced if it were obtained at the same determinand concentrations as those
for which some information has already been gained, as set out in the Performance
Characteristics sections of these methods.
Similar information at other determinand concentrations, and for sample types other
than those already studied,would also be of great askiuicc. Detailed specifications
for the tests to be carriedout are beyond the scope of this booklet, but standard texts
— such as those published by the Water Research Centre (14) and by the DOE/NWC
Standing Committee of Analysts (15) —provideguidelinesfromwhich precision tests
may be designed. The same texts also provide guidelinesfor interference and recovery
tests and any information on these matters would be gratefully received.

* Results

should be sent to:
The Secretary
The General Non-Metallic Substances Working Group
The Standing Committee Analysts
The Departmentof the Environment
2 Marsham Street
London
SW1P 3EB
England
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Main Committee
Working Group
Panel
Editorial

Dr D T E Hunt 1 since June 1980
Mr W M Lewis 1 until January 1980
Mr P J Long 1
Mr J C McCullins 1
Mr D McIntyre 2, 3
Mr D J B Miller 3 (occasional)
Mr P Morries 1, 2, 3
Mr C C Musselwhite 2, 3, 4
Mr D Myles 1, 2, 3, 4
Mr A H Nield 1

Dr D I Packham 1 since December 1980
Dr H A Painter 1
Dr S J Patterson1, 2 until June 1980
Mr L R Pittwell 1, 2, 3, 4
Dr J E Portmann 1
Mr L D Purdie 1
Mr B D Ravenscroft 1
Mr B Rhodes 1 since July 1978
Prof J P Riley 1
Mr C C Scott 2, 3
Mr R Sinar 1 died April 1979
Mr M Stockley 2, 3
Mr A Tetlow 1 since June 1980
Dr A M Ure 1 since August1979
Mr R J Vincent 2, 3, 4
Mr B T Whitham 1
Dr R Wood 1 until July 1978
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