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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

Methods using flow analysis automate wet chemical procedures and are particularly suitable for the processing
of many analytes in water in large series of samples at a high frequency of analysis.

Analysis can be performed by flow injection analysis (FIA) or continuous flow analysis (CFA). Both methods
share the feature of an automatic introduction of the sample into a flow system (manifold) in which the analytes
in the sample react with reagent solutions on their way through the manifold. Sample preparation may be
integrated in the manifold. The reaction product is measured in a flow detector (e.g. flow photometer).
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It stjould be investigated whether and to what extent particular problems require the specification ¢f additional
marginal conditions.

© 1SO 2012 — All rights reserved \%


https://standardsiso.com/api/?name=6618dfc55a3c1773aedbb772c2a57015



https://standardsiso.com/api/?name=6618dfc55a3c1773aedbb772c2a57015

INT

ERNATIONAL STANDARD

ISO 14403-2:2012(E)

Water quality — Determination of total cyanide and free cyanide
using flow analysis (FIA and CFA) —

Part 2:
Method using continuous flow analysis (CFA)

WARNING — Persons using this part of ISO 14403 should be familiar with normal laborator
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its use. It is the responsibility of the user to establish appropriate safety and health|pract

en

IMP,
car

1

Thig
as ¢
500
vary

In th

Sea
soly

2

The
refe)
(inc

ISO|
ISO|

ISO
cha

ISO|

part of ISO 14403 does not purport to address all of the safety problems, if any, asso

re compliance with any national regulatory conditions.

y practice.
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ORTANT — It is absolutely essential that tests conducted according to this part of ISQ 14403 be
fied out by suitably trained staff.
Scope
part of ISO 14403 specifies methods for the determination of.cyanide in various types of pater (such
round, drinking, surface, leachate, and waste water) with gyanide concentrations usually frgm 2 pg/l to
Mg/l expressed as cyanide ions in the undiluted samplex The range of application can be ¢hanged by
ing the operation conditions, e.g. by diluting the originaksample or changing the pathlength of the flow cell.
is method, a suitable mass concentration range from40 pg/l to 100 ug/l is described.
water can be analysed with possible changesn sensitivity and adaptation of the reagent and calibration
tions to the salinity of the samples.
Normative references
following referenced documents are indispensable for the application of this document| For dated
rences, only the edition cited-applies. For undated references, the latest edition of the referenced document
uding any amendments) applies.
3696, Water for analytical and laboratory use — Specification and test methods
5667-3, Waterquality — Sampling — Part 3: Preservation and handling of water samples
8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of performance
racteristics /— Part 1: Statistical evaluation of the linear calibration function
8466%2, Water quality — Calibration and evaluation of analytical methods and estimation of performance

cha

racteristics — Part 2: Calibration strategy for non-linear second-order calibration functions

3
For

341

Terms and definitions

the purpose of this part of ISO 14403, the following definitions apply:

free cyanide

eas

ily liberatable cyanide

sum of cyanide ions and the cyanide bound in weak metal cyanide complexes that liberate HCN at pH 3,8

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=6618dfc55a3c1773aedbb772c2a57015

ISO 14403-2:2012(E)

3.2

total cyanide

free cyanide (3.1), and in addition stronger metal—cyanide complex compounds, with the exception of cyanide
bound in gold, cobalt, platinum, ruthenium, and rhodium complexes, from which recovery can be partial

NOTE 1 Thiocyanate, organically bound cyanide and cyanate are not included in this definition of total cyanide.

NOTE 2 Distillation methods may recover some organic cyanide. Use the diffusion method when organic cyanide
complexes are suspected to be present.

4 |Interf

4.1 Interferences by oxidizing agents

Oxidizing agents such as chlorine decompose most of the cyanides. If the presence of oxidizing.agents capnot
be excluded, treat the sample immediately after sampling. Test a drop of the sample with potassium iodide-
starch test paper (Kl starch paper); a blue colour indicates the need for treatment. Add $edium thiosulfafe, a
few crystalq at a time, until a drop of sample produces no colour on the indicator paper, Then add an additipnal
portion of 0}6 g of ascorbic acid (6.9) for each 1 000 ml of sample volume.

Do not add |ascorbic acid unless samples will be analysed within 24 h.

4.2 Interferences by sulfide, sulfite, nitrite and carbonyl compounds

Interferences by sulfide start at 100 mg/l. It affects the colorimettie )procedure, especially the gas diffusion
method, anfd the amperometric procedure (see Annex C). If a drop of the sample on lead acetate test pzper
indicates the presence of sulfide, treat an additional 25 ml of the stabilized sample (pH >12) to that required for
the cyanide| determination with powdered lead carbonate.

Lead sulfid¢ precipitates if the sample contains sulfide.
Repeat this|operation until a drop of the treated sample solution does not darken the lead acetate test paper.

Filter the sqglution through a dry filter paper into’a dry beaker, and from the filtrate measure the sample tp be
used for analysis. Avoid a large excess of I€éad‘and a long contact time in order to minimize loss by complexdtion
or occlusion of cyanide on the precipitated material.

If the amperometric method (Annex-C)is applied, itis necessary systematically to add lead carbonate to samples
during the gnalysis (a few milligrams for a 10 ml sample), followed by filtration or decantation performed before
the filtered $ample aliquot is placed on the sample tray of the continuous flow analyser.

Aldehydes pnd ketones &an, under certain conditions, absorb cyanide by nucleophilic addition. To avoid|this
interference ethylenedidmine can be added to the sample.

Under the diven @distillation conditions, aldehydes can transform cyanide to nitrite. Aldehydes can be remqgved

by adding dilver nitrate to the sample. The addition of AQNO3 can alter the ratio of the concentrations of ffree
and total Cy nide _The user should evaluate this prnr-ndnrn

Interference by nitrite above concentrations of 5 mg/l can be avoided by addition of sulfamic acid (6.10) to the
buffer (pH 3,8) for the distillation and gas diffusion method (6.21.1).

Sulfite interferes above concentrations of 1 mg/I.

4.3 Other interferences

Samples containing particulate matter can lead to losses if the particles clog the transport tubes and are
not transported completely into the UV unit. This effect can be minimized by homogenizing (e.g. stirring) the
sample immediately prior to analysis to ensure that a representative sample is taken and to reduce the particle
size. Remaining particles with diameters >0,1 mm should be removed by filtration.

2 © 1S0 2012 — All rights reserved
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When using in-line distillation for separation of the hydrogen cyanide, salt concentrations higher than 10 g/l
of salts can cause clogging of the distillation coil. Dilute these samples prior to measurement or use a gas

diff

usion method in order to overcome this problem.

Thiocyanate can slightly interfere and lead to positive bias (9.3.2). Significant interferences can arise from
cyanide impurities in thiocyanate or from inappropriate distillation procedures (7.1).
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Principle

Determination of total cyanide

nplex-bound cyanide is decomposed by UV light at pH 3,8. An UV-B lamp (312 nm te 400
stion coil of borosilicate glass, quartz glass or polytetrafluorethylene (PTFE) is used(|The U
Ure that UV light with a wavelength of <290 nm is filtered off thus preventing the convérsion of
cyanide.

hydrogen cyanide present at pH 3,8 is separated by online distillation at 125,°C«or by gas diffus
oxide solution.

hydrogen cyanide is then determined photometrically by the reaction of cyanide with chlo
nogen chloride. This reacts with pyridine-4-carboxylic acid and 153-dimethylbarbituric acid to gi
se absorption is proportional to cyanide concentration.

Determination of free cyanide
ng the procedure specified in 5.1, the UV-B lamp is Switched off when determining the free cyan

ng distillation at pH 3,8 for separation of the hydrogen cyanide present, a zinc sulfate solution

n using the gas diffusion method for-the liberation of cyanide from the nickel com
ethylenepentamine solution (6.12) pef.30 ml sample is added prior to the analysis (see Referg

]

detection see 5.1.
Annex C).

Reagents

only réagents of recognized analytical grade.

sample flow in order to precipitate any iron cyanides present as the zinc-cyanoferrate complex.

nm) and a
V' unit shall
thiocyanate

onat 30 °C
n a sodium

famine-T to
e ared dye

de content.
is added to

blex, 50 pl
nce [11]).

rnatively, free and total cyanjde can be determined after gas diffusion using an amperomefric detector

RNING — KCN, K2Zn(CN)4, their solutions, and wastes are toxic. Waste containing these qubstances
shall be removed appropriately.

ir:s oer.1rtinsremn n .

6.1  Water, grade 1, as defined in ISO 3696.

6.2 Hydrochloric acid, ¢(HCI) = 1 mol/l.

6.3 Sodium hydroxide solution I, ¢((NaOH) = 0,4 mol/l.

6.4 Sodium hydroxide solution Il, ¢((NaOH) = 1,0 mol/l.
6.5 Sodium hydroxide solution Ill, ¢(NaOH) = 0,2 mol/l.

© 1SO 2012 — All rights reserved
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6.6 Sodium hydroxide solution IV, rinsing solution, ¢(NaOH) = 0,01 mol/I.

6.7 Surfactant, polyoxyethylene laurylether, HO-(CH,CH>»-O),-C1gH37.
Add 30 g of polyoxyethylene laurylether in small quantities to 100 ml of water (6.1) and mix well.

Alternatively use a commercially available solution of the surfactant.

6.8 Citric acid monohydrate, CgHgO7-H2O.

6.9 Ascdrbicacid, CsHs0s.
6.10 Sulfgmic acid, H3SO3N.
6.11 Tetraethylenepentamine, CgH23Ns.

6.12 Tetrdethylenepentamine solution (for free cyanide only).
Dissolve 0,75 g of tetraethylenepentamine (6.11) in 250 ml of water.

This solution is stable for 1 month if stored at room temperature.
6.13 Zinc sulfate heptahydrate, ZnSO4-7H20.

6.14 Potagsium hydrogenphthalate, KHCgH4O4.

6.15 Chlofamine-T trihydrate, C7H7CINNaO2S-3H20.

6.16 1,3-Oimethylbarbituric acid, CeHgN2O3.

6.17 Pyridine-4-carboxylic acid, CgH5NO>!

6.18 Potagsium thiocyanate, KSCNy

6.19 Potagsium hexacyanoferrate(lll), KsFe(CN)e.

6.20 Cyanide standards

6.20.1 Pofassium.¢yanide, KCN.

6.20.2 Polrssium cyanide solution, KCN, pcn = 1 000 mgl/l, (see Annex B).

Dissolve 2 500 mg + 1 mg of potassium cyanide, KCN (6.20.1), in sodium hydroxide solution IV (6.6) in a
1 000 ml volumetric flask, and make up to volume with sodium hydroxide solution IV (6.6).

A commercially available and certified 1 000 mg/l KCN stock solution may be used.
The solution is stable for 3 months at 1 °C to 8 °C.

Alternatively, a potassium tetracyanozincate solution (6.20.3) can be used:

6.20.3 Potassium tetracyanozincate solution, KoZn(CN)4, pcn = 1 000 mg/l = 2 mg/l, commercially available.

The solution is stable for 3 months at 1 °C to 8 °C.

4 © 1S0 2012 — All rights reserved
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6.20.4 Cyanide solution I, pcn = 10 mgl/l.

Pipette 1 ml of the potassium tetracyanozincate solution | (6.20.3) or 1 ml of the potassium cyanide solution
(6.20.2) into a 100 ml volumetric flask, and make up to volume with sodium hydroxide solution 1V (6.6).

This solution is stable for 1 week if stored at 1 °C to 8 °C.

6.20.5 Calibration solutions

Prepare at least five calibration solutions with cyanide concentrations, roughly regularly distributed over the
working range, by appropriate dilution of the cyanide solution | (6.20.4). If, for example, six calibration standards
sholild be prepared, proceed as follows.

Pipegtte 10 ml of the cyanide solution | (6.20.4) into a 100 ml volumetric flask, and make-up)to yolume with
sod|lum hydroxide solution 1V (6.6). This solution contains 1mg/l cyanide.

Pipgtte, into 100 ml volumetric flasks, 1 ml, 3 ml, 5 ml, 6 ml, 8 ml, or 10 ml, respéctively, of thg¢ previously
mentioned 1 mg/l cyanide solution and make up to volume with sodium hydroxidersolution 1V (6.6)

Thesse solutions contain 10 ug/l, 30 pg/l, 50 pg/l, 60 pg/l, 80 ug/l, and 100 ug/T'ef cyanide, respectiyely [except
for gorrections in the concentration found on titration of the potassium cyanide solution (6.20.2), (se¢ Annex B)].

Thefse solutions are stable for 2 d if stored in a refrigerator at 1 °C to-5<C.
6.21 Reagents for the determination of cyanide

6.21.1 Buffer, pH 3,8, for distillation and gas diffusion method (R1 in Figures A.1, A.2 and C.1).

Disgolve, in about 350 ml water (6.1), 10 g of citric acidy{(6.8). Add 50 ml of sodium hydroxide solution | (6.3) and,
if ngcessary, adjust to pH 3,8 with hydrochloric aci@(6.2) or sodium hydroxide solution 1V (6.6). Add 12,5 ml of
hydfochloric acid (6.2). Dilute to 500 ml with water.

NOTE Due to the addition of HCI, the pH of'this buffer is about 3,4. After mixing with the sample a pH of 3,8 is achieved.

Thig solution is stable for 3 months if stored in a refrigerator at 1 °C to 5 °C.

6.21.2 Zinc sulfate solution, ©nly for distillation method (R2 in Figure A.1).

Disgolve 10 g of zinc sulfateyheptahydrate (6.13) in 750 ml of water (6.1), mix and dilute to 1 000 m| with water.

6.21.3 Recipient solution, only for gas diffusion (R3 in Figure A.2).

Sodium hydroxide solution Il (6.5).

6.21.4 Buffer solutions for the final photometric determination (R4 in Figures A.1 and A.2)

6.21T4 1 Forthe distiifation method (R4&a m Figure A 17

Dissolve 2,3 g of sodium hydroxide (NaOH) in 500 ml of water. Add 20,5 g of potassium hydrogenphthalate
(6.14) and dilute to approximately 975 ml with water.

If necessary, adjust the pH of the solution to 5,2 with hydrochloric acid (6.2) or sodium hydroxide solution Il (6.4).
Add 1 ml of surfactant (6.7) and make up to 1 000 ml with water.

For best results this solution is stable for 1 month if stored in an amber bottle in a refrigerator at 1 °C to 5 °C.

© 1S0O 2012 — All rights reserved 5
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6.21.4.2 For the gas diffusion method (R4b in Figure A.2):

Dissolve 7,0 g of sodium hydroxide (NaOH) in 250 ml of water. Add 35,4 g of succinic acid (6.24) and dilute to

500 ml with

water.

The solution has a pH of approximately 4.3. When mixed with sodium hydroxide solution | (6.21.3; R3 in

Figure A.2)

, a pH of 5,2 shall be achieved.

For best results this solution is stable for 1 month if stored in an amber bottle in a refrigerator at 1 °C to 5 °C.

6.21.5 Chl
Dissolve 2,

This solutig
solution fre

6.21.6 Col

Carefully di
(6.1). Add 1
(6.17), and

If necessar

Make up to
30°Candt

This solutio

g
N

NOTE

6.22 Thio

Dissolve in
solution IV

This solutio

Verify each

6.23 Potagsium hexacyanoferrate(lll) solution, calculated cyanide concentration pcn = 10 mg/l.

Dissolve in
hydroxide s

This solutio

oramine-T-trihydrate solution (R5 in Figures A.1 and A.2).

) g £ 0,05 g of chloramine-T (6.15) in 1 000 ml of water.

n is stable for 1 week if stored in a refrigerator at 1 °C to 5 °C; however, for best results pre
5h daily.

lour reagent (R6 in Figures A.1 and A.2).

5solve in a 1 000 ml volumetric flask, 7,0 g of sodium hydroxide, NaOH\in about 500 ml of w
5,8 g + 0,1 g of 1,3-dimethylbarbituric acid (6.16), and 13,6 g + 0,1 g ef-pyridine-4-carboxylic
Jilute to approximately 975 ml with water (6.1).

1 000 ml with water (6.1). Mix this solution intensively (e.g. by using a magnetic stirrer) for 1
hen filter over a pleated filter (e.g. hardened ashless paper).

h is stable for 3 months if stored in a refrigerator at 2'°C to 5 °C.

torage at 1 °C can cause precipitation of componetits of this solution.

Cyanate solution, calculated cyanide concentration: pcn = 100 mg/l.

a 1 000 ml volumetric flask, 373 g+ 1 mg of potassium thiocyanate (6.18) in sodium hydro
6.6), and make up to volume with.sodium hydroxide solution IV (6.6).

h is stable for 2 months if.stared in an amber bottle and refrigerated at 1 °C to 5 °C.

batch for absence of. CN impurity by analysing for free cyanide.

a 1 000 ml volumetric flask, 21,1 mg + 0,1 mg of potassium hexacyanoferrate(lll) (6.19) in soq
plution IV(6.6), and make up to volume with sodium hydroxide solution IV (6.6).

h is stable for 2 months if stored in an amber bottle in a refrigerator at 1 °C to 5 °C.

, adjust the solution to pH 5,2 with hydrochloric acid (6.2) or.sodium hydroxide solution Il (6.4).

are

ater
acid

h at

kide

ium

Verify each
6.24

batch for absence of CN impurity by analysing for free cyanide.

Succinic acid, C4HgOg4.

7 Apparatus

Usual labor

atory apparatus and in particular the following.
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Continuous flow analysis system for distillation method.

General. A suitable example of the system configuration contains the components specified in 7.1.2 to

7.1.10 (see Figure A.1). Alternative system configurations are also applicable if the requirements of Clause 9
are achieved.

7.1.2 Autosampler, or other device capable of introducing sample reproducibility.

7.1.3 Reagent reservoirs.

71 |4 Low pulsation pump, having specific chemically inert pump tubes, for flow rates as shown i
as gn example.
7.1.6 UV lamp, with:

Sui
glas
thic

For

suitable dimensions among others are: a capacity of approximately 13 ml (e.g. 45 turns with a diamete

The

Mak
dec

71
orp

7.1
app

71
toa

7.1.

table dimensions among others (using a UV lamp emitting at 381 nm) for a digestion coil mac

.p

7

B

UV-B lamp (312 nm to 400 nm);
a power of 8 W to 12 W,

a digestion coil of borosilicate glass, quartz glass or polytetrafluorethylene (PTFE).

s or PTFE are: capacity of approximately 4 ml (e.g. 30 or 6Q’turns with a diameter of 30 mm,
ness of at maximum 1 mm and an internal diameter of 1 mam or 2 mm).

AN emission maximum of 312 nm + 5 nm and a digestion €oil made of borosilicate glass or quartz gle

main criteria for a good choice of UV lamp and digestion system is the results of digestion recovery

e sure that no UV light with a wavelength-below 290 nm reaches the sample flow in order
bmposition of thiocyanate to cyanide.

In-line distillation device, adjustable to a temperature of 125 °C + 1 °C with a distillation
plymer material, length of coile\g. 80 cm, internal diameter e.g. 1,5 mm.

Manifold, capable~of highly reproducible dosing of gas bubbles, sample and reagents,
ropriate transport systems and connection assemblies of chemically inert glass, polymer or me

Heating bath, for colorimetric reaction, adjustable to a temperature of 37 °C + 1 °C with a
low a sample-retention period of approximately 4 min.

D _Photometric detector, with a flow cell, and having a wavelength range 600 nm + 10 nm.

h Figure A.1

e of quartz
a tube wall

ssor PTFE,
[ of 30 mm).

ates (9.3.2).

o avoid the

coil of glass

and having

al.

coil volume

Use

an Qplnrnlnrinfp npfir‘nl Ir\;\fhlpngfh to_achieve a minimum abhsorbance (ahenlnfp \mlnn) of Q.0

1 per 1 cm

pathlength for a 10 ug/l cyanide solution.

7.1.10 Recording unit (e.g. strip chart recorder, integrator, printer and plotter or a computer data system). In
general, peak height signals are measured.

7.2

7.2,

Continuous flow analysis system for gas diffusion method.

1 General. A suitable example of the system contains the components specified in 7.2.2 to

Figure A.2). Alternative systems are also applicable if the requirements of Clause 9 are achieved.

7.2.2 Autosampler, or other device capable of introducing sample reproducibly.

© 1SO 2012 — All rights reserved
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7.2.3 Reagent reservoirs.

7.2.4 Low pulsation pump, having specific chemically inert pump tubes. Figure A:2 shows an example

of flow rates.

7.2.5 UVlamp

See 7.1.5.

7.2.6 Gas diffusion cell, having a hydrophobic semipermeable membrane made from polypropylene or

PTFE, for eI<ampIe, and having a typical thickness 90 pym to 200 pym, pore size 0,1 um to 1 ym.

7.2.7
30 °C to 40

example,. 1| mm.

7.2.8

°C (with a tolerance of + 1 °C) with a coil capacity of typically 2 ml and internal digmeter of

7.2.9 Hegting bath for colorimetric reaction adjustable to a temperature_.of 37 °C + 1 °C with a s
dimension tp allow a sample retention period of approximately 4 min.

Manifold, capable of highly reproducible dosing of gas bubbles, sample and reagents, and ha
appropriate|transport systems and connection assemblies made of chemically inert-glass, polymer or meta

Heating bath for gas diffusion temperature stabilization, adjustable to a temperature, between

for

ving

biral

7.2.10 Photometric detector, with flow cell, and having a wavelength range of 600 nm + 10 nm. Usg¢ an

appropriate

fora 10 pg/

7.2.11 Regording unit (e.g. strip chart recorder, integrator) printerand plotter or a computer data system)).

general, pe
7.3 Addi

7.31

7.3.2 Meinbrane filter assembly, with membrane filters having a pore size of 0,45 ym.

7.3.3 pH

8 Sampling and-sample preparation

Immediatel
(6.3 t0 6.6)

Ledd acetate test paper, commercially available.

optical pathlength to achieve a minimum absorbance (absolute value) of 0,01 per 1 cm pathle
cyanide solution.

bk height signals are measured.

tional apparatus.

measuring device-

aftefusampling, adjust the pH of the water samples to 12 with sodium hydroxide solutions | t
such'that the quantity of added alkali yields a negligible dilution of the sample.

hgth

D |V

If necessary, remove particles of diameter >0,1 mm by filtration or decantation at the laboratory.

Test for interferences and treat if necessary (see Clause 4).

Analyse the sample in accordance with Clause 9 as soon as possible after sampling, but as specified in
ISO 5667-3 at the latest within 7 d. Store the sample in the dark.
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9 Procedure

9.1 Flow system set-up

Set up and adjust the continuous flow analysis system according to Table 1 or Table 2 depending on the
determination to be performed.

Table 1 — Adjustment of continuous flow analysis system for distillation method

Setting for determination to be performed
Procedure Component or parameter
Total cyanide Free cyapide
UV]decomposition UV lamp (7.1.5) on off
Solution after UV decomposition Water (6.1) Zinc sulfate solufion (6.21.2)
Distillation pH 3,8 3,8
Temperature 125 °C 125 °(
Colour reagent (6.21.6)
. . o pH 5,2 5,2
Finpl photometric determination
Temperature 37.°C 37 °Q
Wavelength 590 pm\to 610 nm 590 nm to §10 nm

Table 2 — Adjustment of flow analysis system for gas diffusion methods

Setting for determination to be performed
Procedure Component or parameter . .
Total cyanide Free cyanide
UV]decomposition UV lamp (7.2.5) on off
Buffer for distillation and gas
o diffusion method (6.21.1)
Gag diffusion oH 38 3ls
Température 30°Cto40°C 30°Ctp40°C
Colour reagent (6.21.6)
. ) o pH 5,2 5|2
Finpl photometric determination
Temperature 37 °C 37|°C
Wavelength 590 nm to 610 nm 590 nm t 610 nm

9.2| Reagent'blank measurement

Set theanalysis system in operation by first pumping water through the system.

Wai fa&r ctabhiligation Af thn hocalina and oy
I

a-tha bacalina
TOT StTOoTZatroTT OT o oot o aria oot

TTCOTOCTTITICT

Run the reagents buffer (pH 3,8) for distillation and gas diffusion (6.21.1), zinc sulfate solution (6.21.2), recipient
solution (6.21.3), buffer solution for the final photometric determination (6.21.4.1 or 6.21.4.2), chloramine-T
solution (6.21.5), or colour reagent (6.21.6), respectively, through the system and measure the increase in
absorbance against water.

If the absorbance per centimetre changes by more than 0,006 cm~" of cell pathlength, it is possible that either
the water or the reagent solutions is contaminated. Take appropriate measures to eliminate the interference.

NOTE If the photometric detector does not give absorbance readings, the absorbance can be determined with an
external absorbance-measuring spectrometer.

© 1S0O 2012 — All rights reserved 9
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9.3 Checking the suitability of the flow system

9.3.1

Minimum absorbance

Run a cyanide calibration solution (6.20.5) with a concentration of 50 pg/l.

This calibra

See note to

flasks. Mak
These prep|
Solution A
Solution B

Measure th
cyanide me|

Consider th
solution A i
of the UV d

For the det¢rmination of free cyanide, the previously mentioned recovery rate shall be <5 %.

For both det

9.4 Calik

Select the

(6.20.5) and the blank solution.

Prior to the)
accordancs

Determine the measured values from the calibration solutions.

The test co
the measur
measuring

Calibrate th

tion solution (6.20.5) shall produce an absorbance of at least 0,027 cm™".

9.2.

rrate(lll) solution (6.23), and 1 ml of thiocyanate solution (6.22) respectively, in 100 mlI'measy
e each of the solutions up to volume with sodium hydroxide solution 1V (6.6).

pred solutions should contain:
hexacyanoferrate(lll): 100 pg/l CN, chemically bound
thiocyanate: 1 000 pg/l CN, chemically bound

e cyanide (CN) content of solutions A and B with the flow system-adjusted to the free and
thod.

e system to be suitable for the measurement of total cyanide if the determined cyanide conte
5 >90 % of the theoretical cyanide content. Lower yields«(<90 %) indicate inadequate effectiver
bcomposition.

erminations the determined cyanide content of solution B shall be <1 % of the theoretical cyanide con

ration

working mode of the flow system.and calibrate by sequentially applying the calibration solut

with the specifications.of this part of ISO 14403.

hditions for the calibration and the measurement of samples (9.5) are the same. The magnitug
ng signakis proportional to the mass concentration of cyanide. Establish the regression line fo
Series.obtained.

elflow system as specified in ISO 8466-1. In general, Equation (1) is appropriate (ISO 8466-

ium
ring

otal

nt of
ess

ent.

ons

calibration, zero the instrument, following the manufacturer’s instructions as long as they afe in

e of
the

). If

the linearity
curve as sp

10

test described In ISO 8466-1 shows that the callbration curve Is not linear, calculate the callbra
ecified in ISO 8466-2.

tion
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The measured value for the calibration solutions, y, in terms of instrument related units (e.g. peak heights in
centimetres or counts), is given by:

y=bp+a (1)

where
b is the slope of the calibration function, expressed in instrument-related units or micrograms per litre;

p is the mass concentration of the standard solutions, expressed in micrograms per litre;

a Is the ordinate intercept, expressed in instrument-related units.

9.5| Sample measurement

Anglyse the samples, pretreated according to Clause 8, in the same way as the calibiration solutipns with the
continuous flow system.

If the mass concentrations of the samples exceed the validity of the calibrated working range, dilute the samples.

Chgck the validity of the calibration function after each sample series, but'atteast after the measurgment of 10
to 2P samples, using one calibration solution each for the lower and upper part of the working range.

Redalibrate if necessary.

Aftgr completion of the measurement the system should be rinsed with water (6.1).

10 [Calculation

Detérmine the mass concentrations of the samples.using the measured values, obtained as specified in 9.4 for
the palibration solutions.

Ca

tulate p using Equation (2):

Forjan explanation of the symbols see 9.4.

11 |Expression ofresults

Regort the results'to two significant figures at most.
EXAMPLE 1 p(total CN) 2,9 x 102 pg/l
EXAMPELE 2 plfree CN) 45 pg/l

12 Test report

This test report shall contain at least the following information:

a) the test method used, together with a reference to this part of ISO 14403 (ISO 14403-2:2012);
b) all information necessary for identification of the sample;

c) the type of sample pretreatment;

d) thecyanide concentration (free or total cyanide) in micrograms per litre, expressed in accordance with Clause 11;
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e) any special observations noted during the determination;

f) any deviations from this part of ISO 14403, which could have affected the result.

12 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=6618dfc55a3c1773aedbb772c2a57015

ISO 14403-2:2012(E)

Annex A
(informative)

Examples of flow systems

Photometric CFA configurations other than shown in Figures A.1 and A.2 may be used provided they meet the
criteria of the method and achieve the quality control criteria in Clause 9.

© 1S0O 2012 — Al rights reserved 13
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Key
R1

R2
R4a

0
o o

maLOOO\IO?U'IAmI\)A

o

o

1

a 0,32 L
R1 0,42

b 1,00

5

R2 1,00

a 0,32 6 7

10
R4a 0,42
9

c 0,42

R5 0,42

R6 0,42

Liffer, pH 3,8, for distillation and gas diffusion_method (6.21.1)
NSOy solution (6.21.2) for free cyanide; water (6.1) for total cyanide

b
Z
blffer solution for final photometric determination for distillation method (6.21.4.1)
chloramine-T solution (6.21.5)

cplour reagent (6.21.6)

pbmp (flow rates in millilitres(pér minute)

r¢action coil: length 50 caryinternal diameter 1,5 mm

UV decomposition upif;351 nm

reaction coil: length .50 cm, internal diameter 1,5 mm

d|stillation unit, 125 °C

r¢action coik length 50 cm, internal diameter 1,5 m

r¢action\coil: length 50 cm, internal diameter 1,5 mm

heatingbath: 37 °C, length 100 cm, internal diameter 2 mm

detettor{eg—tTrmropticat pathtength), wavetengtir 590 to 610

waste

Air, segmentation gas.
Sample.

Resample.

Figure A.1 — Example of a CFA system for the spectrometric determination of free and total cyanide
(10 pg/l to 100 ug/l) with a distillation procedure (according to 7.1)

14
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a 0,20
b 0,90
R1 0,20
Do D 2L
RO VU
a 0,14 / 8
R4b 0,26
R5 0,08
R6 0,67
Key
R1 buffer, pH 3,8, for distillation and gas diffusion method (6.21.1)
R3 recipient solution, only for gas diffusion-(6.21.3)
R4b buffer solution for the final photometric determination for gas diffusion method (6.21.4.2)
R5 chloramine-T solution (6.21.5)
R6 colour reagent (6.21.6)
1 pump (flow rates in millilitres per minute)
2 reaction coil: length.50 cm, internal diameter 1 mm
3 UV decompogitionunit: 351 nm, 420 cm, internal diameter 2 mm
4 heating bath:\30 °C, length 50 cm, internal diameter 1 mm
5 gas diffusion unit
6 reaction coil: length 50 cm, internal diameter 1 mm
7 feaction coil: length 50 cm, internal diameter 1 mm
8 heating bath: 37 °C, length 100 cm, internal diameter 1 mm
9 detector (e.g. 1 cm optical pathlength), wavelength 590 nm to 610 nm
10 waste
a Air, segmentation gas.
b

Sample.

Figure A.2 — Example of a CFA system for the spectrometric determination of free and total cyanide
(10 pg/l to 100 pg/l) with gas-diffusion separation (according to 7.2)

© 1SO 2012 — All rights reserved

15


https://standardsiso.com/api/?name=6618dfc55a3c1773aedbb772c2a57015

ISO 14403-2:2012(E)

Annex B
(normative)

Determination of the real cyanide concentration in the potassium

cyanide solution

71).

(3.1)

HIMS

B.1 Geperal
If KCN is uged to prepare the cyanide calibration solutions (6.20.5), proceed as follows.
B.2 Additional reagents
B.2.1 p-Dimethylaminobenzylidene rhodanine.
B.2.2 Indjcator solution.
Dissolve 0,02 g of p-dimethylaminobenzylidene rhodanine (B.2.1) in 100-ml/of acetone (C3HgO).
This solutiop is stable for 1 week if stored in a refrigerator at 1 °C to 5.,°C.
B.2.3 Silyer nitrate solution, ¢(AgNO3) = 1 mmol/l.
B.3 Determination of cyanide concentration in potassium cyanide solution
Pipette 10 ml of potassium cyanide solution (6.20-2)1into a beaker. Add 0,25 ml of indicator solution (B.2.2).
Titrate with fhe silver nitrate solution (B.2.3) untilthe colour changes from yellow to yellow-red (consumption
Calculate the cyanide concentration in the potassium cyanide solution using Equation (B.1):
_ Y1c(AgNO3 ) Mocy
PcN =
=

where

PCN is the cyanide contentration in the potassium cyanide solution (6.20.2) in milligr

per litre;

1 is the volume of silver nitrate solution (B.2.3) consumed, in millilitres;

c(AgNO3) is the concentration of silver nitrate solution in millimoles per litre;

MocN is the molar mass of 2CN ( = 52 g/mol);

14 is the volume of the potassium cyanide solution (6.20.2) in millilitres.
16 © 1S0 2012 — All rights reserved
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