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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.

depcribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeeded for the
diffferent types of ISO documents should be noted. This document was drafted in accordance with the
ed|torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Ti:t procedures used to develop this document and those intended for its further mainitepnance are

Atfention is drawn to the possibility that some of the elements of this document'may be the|subject of
pagent rights. ISO shall not be held responsible for identifying any or all such patent rights.|Details of
any patent rights identified during the development of the document will’be'in the Introduction and/or
onfthe ISO list of patent declarations received (see www.iso.org/patents))

Anly trade name used in this document is information given for the convenience of users and does not
copstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as wellias information about I1SO’s adherence to the
World Trade Organization (WTO) principles in the Techiical Barriers to Trade (TBT) see the|following
URL: www.iso.org/iso/foreword.html.

Thlis document was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommifttee SC 3,
Chemical methods and soil characteristics, in cooperation with ISO/TC 147, Water quality.

© IS0 2017 - All rights reserved v


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=5c7ae86405601080c641ae071f387985

ISO/TR 19588:2017(E)

Introduction

Cyanide is a useful industrial chemical and its key role in the mining industry is to extract gold from its
ores. Worldwide, mining uses approximately 13 % of the total production of manufactured hydrogen
cyanide while the remaining 87 % is used in many other industrial processes, apart from mining. In
manufacturing, cyanide is used to make paper, textiles, and plastics. It is present in the chemicals used
to develop photographs. Cyanide salts are used in metallurgy for electroplating, metal cleaning, and
removing gold from its ore. Cyanide gas (HCN) is used to exterminate pests and vermin in ships and
buildings.

There is @ large number of “official national and international methods” for the analysis of vatiqus
cyanide farameters for waters, effluents, leachates, soils and wastes. This document attempts|to
provide background information and guidance on environmental cyanide analysis.

Cyanide cfin exist in many chemical forms (cyanide species) with various toxicity levels forya given mass
of CN. Highest toxicity has free cyanide appearing as HCN or CN-.

Hydrogen| cyanide is a colourless, poisonous gas having an odour of bitter almonds (mp = -13,4 [°C,
bp = 25,6]°C, pKa = 9,36). It is readily soluble in water existing as HCN or CN%)or both, depending|on
the pH conditions (Figure 1). At a pH of 7 or less in water, free cyanide is effectively present entirely|as
HCN; at pH 11 or greater, free cyanide is effectively present entirely as CN%
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Figure 1 — Dissociation degree (%) of hydrocyanic acid (HCN) with pH

Owing tolits high toxicityyat low concentrations (especially to fish), “free or bioavailable cyanide] is
regulated|in environmeéntal wastewater discharges and in drinking watersl[1l-[Z]. Cyanide is regarded
as an acutle rather than a chronic toxin as low levels can be metabolised. It does not bioaccumulate. The
sensitivity of aquatic life to available cyanide varies with the species present and the characteristfics
of the wafer matrix. Fish and aquatic invertebrates are particularly sensitive to bioavailable cyanjde
exposure,

It is worth noting that the WHO guideline limit for cyanide in drinking waterlé] is 70 pug/1. An allocation
of 20 % of the tolerable daily intake (TDI) to drinking water is made because exposure to cyanide from
other sources is normally small and because exposure from water is only intermittent. This results in
the guideline value of 70 pg/1 which is considered to be protective for both acute and long-term human
exposure.

Hydrogen cyanide and many complexed cyanides are readily soluble in water. An overview of solubilities
in water is given in Table 1.

vi © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=5c7ae86405601080c641ae071f387985

ISO/TR 19588:2017(E)

Table 1 — Solubility of cyanides in waterl[32]

Solubility Temperature
Species
g/l °C

Alkaline cyanides

LiCN very high unknown

NaCN 583 20

KCN 716 25

RhCN very high unknown

CsCN very high unknown

Alkaline earth cyanides

Mg(CN); unstable

C4(CN)2 unstable

Sr[CN)24H,0 very high unknown

B4(CN)> very high whknown

H¢avy metal cyanides

A4CN 2,8 x 10-5 18

AYCN almost insoluble unknown

PH{CN); almost insoluble unknown

Cd(CN)22H,0 almost insoluble unknown

Z1|(CN), 5,8 x 10-3 18

CYyCN 0,014 20

Ni[CN)24H20 0,0 592 18

cd(CN), 17 15

Hg(CN) 93 14

PH(CN); high unknown

Pd(CN)> high unknown

Thierefore, the majority of metheds are on the analysis of soluble cyanides in water, mainly fo protect
th¢ environment from toxic effects.

Thie toxicity of a metal ¢yanide complex is associated with its stability constant because the nore easily
digsociated cyanide species will release cyanide more readily into the environment. The mpre stable
mdtal cyanide complexes are less likely to release cyanide into the environment.
Thie stability constants of the various relevant cyanide species is given in Table 2. Any conjplex with
a lpg10K > about 35 is regarded as a strong complex, with lower relative toxicity, and will|generally
on|y be detected when using a total cyanide method, often without quantitative recovery of the strong
compléxes. There are method recovery problems of strong complexes in most total cyanide| methods.
Ni¢Keband copper cyanide complexes are considered to be in the weak acid dissociable (WAD) category

dueto greater relative toxicity.

Table 2 — Stability constants (log1oK at 25 °C) of relevant metal cyanide complexes

Metal cyanide Stability constant Weak or strong complex Reference
complex
(log1oK at 25 °C) (Strong log19K > 30)
[Cd(CN)4]2- 179 Weak [10]
[Zn(CN)4]2- 19,6 Weak [10]
[Ag(CN)2]- 20,5 Weak [10]
[Cu(CN)4]3- 23,1 Weak [10]
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Table 2 (continued)

Metal cyanide Stability constant Weak or strong complex Reference
complex
(log1pK at 25 °C) (Strong log10K > 30)
[Ni(CN)4]?- 30,2 Weak [10]
Hg(CN); 32,8 Weak and dissociable ASTM D 6696
[Fe(CN)g]4- 35,4 Strong [10]
[Au(CN)2]-, 37 (best estimate) Strong [10]
[PF(CN)4]2- 40,0 Strong [17]
[P(CN)4]2- 42,4 Strong [10]
[F¢(CN)g]3- 43,6 Strong [10]
[C@(CN)g]3- 64 (best estimate) Strong [10]

It is somefimes difficult to determine any individual species without interference from other cyanjde
species o1finterference species (thiocyanate) and some cyanide degradation produ6ts (ammonia, nitiite
and nitrate) that may be present.

Thus, cyahide method parameters are empirical, where the actual method\protocol often determines
the result|obtained. Hence, cyanide is a method defined analyte. This is especially true for samples wjith
complex rhatrices. Many methods will determine the sum of a numbér of species with some not being
quantitatjvely determined (i.e. incomplete breakdown). Thus, it is'essential that any standard cyanjde
method i drafted in an unambiguous manner and the method\protocol shall be closely followed| to
ensure cohsistent results are obtained within and between laboratories. Moreover, all values reported
shall be aftributed to the specific method applied.

A comprehensive overview of cyanide management is given in Reference [1].

It is felt that any regulatory limit legislation should specify the actual method to be used especidlly
for “bioavjailable” cyanide (e.g. free, weak and ‘dissociable, available, weak acid dissociable or eadily
liberated fyanide).

NOTE The terms easily liberated cyaniderand easily liberatable are both widely used and refer to the same
parameter

It is vitally important to understand“how the numerous forms of cyanide are incorporated into wager
quality regulations for the pretection of human health and the environment. In many countries, the
regulatory agencies tasked with implementing regulations and the public who are ultimately affected
by those regulations do notfully understand the implications of choosing one form of analysis oyer
another upon which to-base numerical water quality standards. Also the effect of matrix interferenges
on the redults is not fully appreciated.

Methods fwith eptions (e.g. distillation versus gas membrane diffusion); or cyanide ion detectjon
systems Based\tipon colorimetry or amperometry may give different results owing to variation|in
species d¢téetion efficiencies and/or interference effects.

Even when determining “total cyanide” some species such as [Fe(CN)g]4-, [Au(CN)2]-, [Pt(CN)4]2,
[PA(CN)4]2- and [Co(CN)g]3- may not be fully broken down to cyanide (or hydrogen cyanide) and some
distillation methods may convert thiocyanate (SCN) to cyanide.

Another issue is that there are few reference materials for the various cyanide parameters other than
for total cyanide. This is mainly due to the unstable nature of most cyanide species in environmental
matrices. Thus, traceable calibration in most matrices can be very difficult to achieve.

There are also a number of significant interference effects from a range of species. Clause 9 gives
guidance. More useful information is also given elsewherelZl-[21].

There is no universal agreement on the best technique to overcome (or minimize) these interference
effects. The recommended guidance given is often that the method user should demonstrate that the
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method employed should be fit for purpose in relation to the samples analysed. This can be difficult
for contract laboratories which receive a wide range of unknown origin samples when using a method
for which the laboratory is accredited and the method may be inappropriate for some sample matrices.
It is important to appreciate that a single employed method may not be suitable for all the samples
received and site specific holding time analysis studies may be required to verify stability of samples
being transported to a laboratory.

A number of studies in soil samples have demonstrated that it is impossible to obtain reliable results for
easily liberatable cyanide (ELC) using a manual ELC cyanide extraction/reflux method. Consequently,
the current ISO 11262 standard does not include an ELC method.

Anjother key issue is the use of suitable interference and preservation treatments of the sampl
taking and analysing the sample. The presence of sulfide drastically reduces the maximum

stqrage time from taking the sample to analysing it from 7 days to 24 hours (ISQ 5667-3]
Reference [7].

It [is considered important that regulators consider the typical measuremient uncertai
sefting very low regulatory cyanide limits; typical background levels of théparameter of in

fi

lly how to ensure there is no significant sample degradation prior<te analysis. See An]

Reference [4].
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objective of this document is to provide a broad overview, background and guidance in
bas. [t has attempted to review this very complex topic and highlight the various problems o
[ fit for purpose sampling and analysis for various cyanide species in a wide range of w
Is especially at low levels. It should also be helpful as a training aid for staff involved in th

rulatory limits and monitoring regulatory cyanide analysis results.
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cyanide. It should also be relevant to regulatory hodies involved in both setting cyanidle species
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ICMI’s primary responsibilities are to administer the International Cyanide Management Code for g
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nd European (CEN) cynide methods for soils, waters, effluents and wastes. It gives

Normative references

ere are no normative references in this document.

Terms and definitions

terms and definitions are listed in this document.

IEC Electropedia: available at http://www.eleetropedia.org/

ISO Online browsing platform: available athttp://www.iso.org/obp

e Annex A.

TE It is important to note that there is limited international consensus about many of these
ernational Cyanide Management €ode — under guidance of the United Nations Environmentg
NEP) and the International Council-on Metals and the Environment (ICME) are two examples.

b International Cyanide Management Institute (ICMI) was established for the purpose of admini
jold”, and to develop,and/provide information on responsible cyanide management practices and ot
hted to cyanide use‘in-the gold mining industry.

mote the Cyanide Code’s adoption and implementation, evaluate its implementation, manage the c

cess and¢to)make information on the safe management practices for cyanide widely available.

e “International Cyanide Management Code For the Manufacture, Transport, and Use of Cyarn
duietion of Gold” (Code) was developed by a multi-stakeholder Steering Committee under th

an (ASTM,
guidance
mples, the
bles. Some

and IEC maintain terminological databases for use‘in’standardization at the following addlresses:

terms. The
1 Program

stering the
Production
her factors

ld mining,
ertification

ide In the
e guidance

of

INERY e

Is and the
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Environment (ICME).

The Code is an industry voluntary program for gold mining companies. It focuses exclusively on the safe
management of cyanide and cyanidation mill tailings and leach solutions. Companies that adopt the Code shall
have their mining site processing operations that use cyanide to recover gold audited by an independent third
party to determine the status of Code implementation. Those operations that meet the Code requirements can
be certified. A unique trademark symbol can then be utilized by the certified operation. Audit results are made
public to inform stakeholders of the status of cyanide management practices at the certified operation.
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The objective of the Code is to improve the management of cyanide used in gold mining and assistin the protection
of human health and the reduction of environmental impacts. ASTM International has produced a guide for
selection of their cyanide methods to use with the implementation of the cyanide code: ASTM D7728 Standard
Guide for Selection of ASTM Analytical Methods for Implementation of International Cyanide Management Code

Guidance. Ref: http://www.cyanidecode.org/about-icmi (accessed 03.11.2016).

Moreover, in some cases, different terms are used for the same species, and sometimes the same species are
named differently (see Clause 6 and Annex A).

As stated previously, cyanide analysis is empirical whereby the cyanide parameter method employed will define
the result obtained for a given sample. Hence, cyanide is a method defined analyte.

4 Cyanide methods for soil, water, effluents and wastes considered for this
document

Table 3 ljsts the analytical methods providing information on the determinationy/of cyanide|in
environmpgntal samples from soils, waters, effluents and wastes which were considered during the
preparatipn of this document.

Table 3 + Analytical methods for the determination of cyanide in envirenmental samples frqm
soils, waters, effluents and wastes

Designation Title Refer to

ISO 6703- Water quality — Determination of.¢yanide — Part 1: 711
Determination of total cyanide

ISO 6703-2 Water quality — Determingation of cyanide — Part 2: 711
Determination of easily liberatable cyanide

ISO 6703- Water quality — Determination of cyanide — Part 3: 711
Determination of ¢yanogen chloride

IS0 17690 Water quality —— Determination of available free cyanide |7.1.2/Annex[C
(pH 6) using flow injection analysis (FIA), gas-diffusion
and amperxometric detection

ISO 14403}-1 Water‘quality — Determination of total cyanide and free |7.1.3/Annex [
cyanide using flow analysis (FIA and CFA) — Part 1: Meth-
od-using flow injection analysis (FIA)

ISO 14403-2 Water quality — Determination of total cyanide and free |7.1.4/Annex [
cyanide using flow analysis (FIA and CFA) — Part 2: Meth-
od using continuous flow analysis (CFA)

[SO 11262 Soil quality — Determination of total cyanid 7.2.1/Annex C

1SO 17380 Soil quality — Determination of total cyanide and easily |7.2.2/AnnexC
liberatable cyanide — Continuous-flow analysis method

CEN/TS 16229 Characterization of waste — Sampling and analysis of 7.3.1
weak acid dissociable cyanide discharged into tailings
ponds

USEPA M llUd Kclada-ﬁl l'\'ct'uu'u UULUIIIULCMI [AAY S IIlCLl'lUbl'berI LUL(U' L_/V(llll’u’(:, LU.[’U’ ﬁ
dissociable cyanide, and thiocyanate

USEPA Method 335.4 Determination of total cyanide by semi-automated col- |8.3
orimetry

USEPA Method 9012b Total and amenable cyanide (Automated colorimetric, 8.4
with off-line distillation)

USEPA Method 9010C Total and amenable cyanide: Distillation 8.5

USGS 1[-2302/1-4302/1-6302 Cyanide, calorimetric, barbituric acid, automated-seg- 8.6
mented flow

EPA/OIA-1677 09 Available cyanide by flow injection, ligand exchange, and |8.7
amperometry

ASTM D2036-09 Standard Test Methods for Cyanides in Water 8.8/D.1

2 © IS0 2017 - All rights reserved
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Table 3 (continued)

Designation Title Refer to
ASTM D4282-02 Standard Test Method for Determination of Free Cyanide |8.8/D.2
in Water and Wastewater by Microdiffusion
ASTM D4374-06 Standard Test Methods for Cyanides in Water-Automated |8.8/D.3

Methods for Total Cyanide, Weak Acid Dissociable Cyanide,
and Thiocyanate

ASTM D6888-09 Standard Test Method for Available Cyanide with Ligand |8.8/D.4
Displacement and Flow Injection Analysis (FIA) Utilizing
Gas Diffusion Separation and Amperometric Detection

AYTM D6994-10 Standard Test Method for Determination of Metal Cyanide {8:8/D.5
Complexes in Wastewater, Surface Water, Groundwater
and Drinking Water Using Anion Exchange Chromatogpa-
phy with UV Detection

AYTM D7237-10 Standard Test Method for Free Cyanide with Flow1njec- |8.8/D.6

tion Analysis (FIA) Utilizing Gas Diffusion Separation and
Amperometric Detection

AYTM D7284-08 Standard Test Method for Total Cyanidé.in Water by Micro |8.8/1D.7
Distillation followed by Flow Injection/Analysis with Gas
Diffusion Separation and Amperonietric Detection

AYTM D7511-12 Standard Test Method for Totdl/Cyanide by Segmented 8.8/D.8
Flow Injection Analysis, In-Line Ultraviolet Digestion and
Amperometric Detection

The Picric acid methéd. for determining weak acid disso- |8.9
ciable (WAD) cyanide

Standard methods for the examina- |CN- cyanide
tign of water and wastewater, Stand-

arfd methods 4500

Methods for the examination of The determination of cyanide and thiocyanate in soils and
waters and associated materials, similar matrices

stinding committee of analysts

(Method 235)

M¢thods for the Examination of The determination of cyanide in waters and associated
Whters and Associated Materials) materials

Sthnding Committee of Analysts

(Method 214)

various Direct determination of metal cyanides by ion chromatog-

raphy with UV absorbance detection

5 | Summiary of cyanide species and degradation products

5.1 ‘Main cyanide species

5.1.1 Free cyanide

HCN(aq) and CN-. This also includes simple fully ionised alkali and alkaline earth cyanide salts [e.g.
NaCN, KCN and Ca(CN)z] and a portion of the metal cyanide complexes dissociated under the testing
conditions.

5.1.2 Simple (weakly complexed) cyanides

These include AgCN, Hg(CN)2, Zn(CN)2, CuCN, Cu(CN)z, Cu(CN)32-, Cd(CN)3-, Ni(CN)z, [Cd(CN)4]?-,
[Zn(CN)4]?-, [Ag(CN)2]-, [Cu(CN)4]3-, [H(CN)4]Z-, [Ni(CN)4]2-.
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5.1.3 Strongly complexed cyanides

These are

NOTE

5.2 C(Cya

[Fe(CN)g]*, [Au(CN)2]-, [Pt(CN)4]2, [PA(CN)4]2,, [Fe(CN)6]3-, [Co(CN)6]3-

The above cyanide complexes are in increasing stability constant order (see Table 2).

nide degradation products

5.2.1 Cyanogen halides

These ard
The meth
or extrac
sample pr
paramete

522 T

Thiocyan
of thiocy:
biological

CNCI and CNbr. These two species are rapidly hydrolysed in alkaline solution to cyand
bds outlined in this document will not detect cyanogen halides if the samples are presery
fed into sodium hydroxide. Cyanogen chloride hydrolyzes to cyanate at the pH-used
eservation (pH = 12) and thus will not be detected. ISO 6703-3 can be used to determine t
[ (seealso 7.1,8.9 ] and 8.10 “CA”).

hiocyanate (SCN)

ite is not considered to be part of the free or total cyanide. The“environmental imp
inate is small compared with free (bioavailable) cyanides, and“thiocyanate is normg
y oxidized into cyanate, carbonate, sulfate and ammonia. Thiocyanate should be determir

by a sepa
noted th

includes chlorination).

NOTE

sulfidic or¢s and it finds its way in the tailings storage facilities{TSF) where accumulation over time can oc(
The envirgnmental impact of SCN, especially as it accumulates'in the TSF and heap leach spoils is not yet cleg

understoo

523 O

These inc
containin
cyanogen
such as ac
group in
organic cy
at signific
further in

5.2.4 (

rate determination (see 8.9 “M”, 8.10 “CA” and ASTM D4374yAnnex B). However, it should
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outlined below:

2CN

2CNO

NOTE

+2CI0 =2CNO ™ +2CI"

- +20H +3CI0° =N, +2CO§_ +3Cl" +H,0

CNO is produced during the gold leaching process and it finds its way into the tailings storage facilities
where accumulation over time can occur. CNO analysis usually forms part of “cyanide speciation” studies to
determine how cyanide is consumed in the leaching process. S. Black and R.S. Schulz[28] have published an ion
chromatographic method for cyanate.
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5.2.5 Cyanide environmental fate and degradation potential

Table 4 derived from Reference [3] attempts to summarize Environmental Fate and Degradation
Potential Pathways. Formation of cyanate occurs when cyanide is in the presence of oxidising
compounds such as oxygen, ozone, hydrogen peroxide, Caro’s acid and hypochlorite. In soils and waters,
the ultimate degradation products are likely to be mainly thiocyanate, cyanate, ammonia, formate,
carbon dioxide, nitrite and nitrate.

Table 4 — Cyanide environmental fate and degradation potential

MecihamismT Pathway
Vdlatilisation Free cyanide volatilisation to the atmosphere (i.e. as HCN gas) increpses as the
pH decreases. Thus, the proportion of HCN increases. Also, aeration) increases
the HCN volatilization rate: -
CN-+ H20 —» HCNT + OH-
Cdmplexation Cyanide can potentially form complexes with a wide range of metfallic
elements
Adsorption Adsorption of free and complexed cyanide-forms on to solid phas¢s
Priecipitation Cyanide complexes forming metallocyanide precipitates
Formation of thiocyanate Reaction of cyanide with various forms of sulfur (e.g. sulfidic ore$, poly-
sulfides and thiosulfate):
Sx2- + CN- - [S(x-1)]?- + SCNyand
S2032- + CN- - SO32- + SCN:
Oyidation Oxidation to various reaction products, such as cyanate and/or dyanogens,
ammonia, nitrite, gitrate and water:
2HCN + Oz — 2HOCN (hydrogen cyanate);
2CN + O + catalyst —» 20CN- (cyanate ion);
2Cu2+ + 2CN- - 2Cu* + (CN)2 (cyanogen)
HCN«+0,502 + H20 — CO3 + NH3
(CN)2 + 20H- - OCN- + CN- + H20
Formation of cyanate occurs when cyanide is in the presence of 4trong oxi-
disers (e.g. ozone, hydrogen peroxide, Caro’s acid and hypochlorite)
Hyldrolysis HCN + 2H0 —» NH4COOH (ammonium formate), or

HCN + 2H20 — NH3 + HCOOH (formic acid)
Hydrolysis of cyanate:

HOCN + H30* - NH4t* + COy

OCN- + NH4+ = (NH2)2CO

Adrobic degradation

CN- + HCO3- + NH3 = NO2- + NO3-

2HCN + 0» + enzyme —» 2HOCN (hydrogen cyanate)

Anaerobic degradation

CN- + 2HS(aq) — HCNS + H+
HCN + HS- — HCNS + H+

6 Information on cyanide analysis parameters to determine various cyanide

species (see also Annex B)

6.1 General

As already mentioned in Clause 3, there is limited international consensus about many of these terms.
Moreover, in some cases, different terms are used for the same species, and sometimes the same species
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are named differently. Extreme care needs to be taken when comparing results obtained by different
standards.

6.2 Free cyanide
Theoretically, only hydrogen cyanide and the cyanide ion in solution should be classified as free cyanide.

Methods used to detect free cyanide should not alter the stability of weakly complexed cyanides as they
may otherwise be included in the free cyanide result. Free cyanide includes HCN (aq) and CN-.

6.3 Lib rnfnhlp(‘ynnirlp

6.3.1 General

In practicfl terms, liberatable cyanide can be considered to be the forms of cyanide that arebioavailaple
(including free and weakly complexed) and are responsible for its acute toxic effect on erganisms. Mpst
methods for assessing acute toxicity of cyanide are based upon this parameter.

Cyanide if liberated by treatment with a weak acid and determined as CN-.{Among the standards
described| in this document, three terms are used: easily liberatable cyanide (ELC), weak afid
dissociable (WAD) cyanide, and free cyanide.

All three |terms are effectively equivalent and are actually defined¢bythe method employed. WAD
should influde weak acid dissociable for the distillation methods<ahd weak and dissociable for the
ligand addition/gas diffusion methods.

6.3.2 Easily liberatable cyanide (ELC)
According to ISO 6703-2 (water analysis), easily liberatable cyanide is:

cyanide ffom substances with cyanide groups and-a:measurable hydrocyanic acid vapour pressurg at
pH =4 andl room temperature.

Such subgtances include all cyanides which:will undergo chlorination, especially hydrocyanic adid,
alkali- anfl alkaline earth metal cyanides;-and complex cyanides of zinc, cadmium, silver, copper and
nickel. Complex cyanides of iron and cobalt, nitriles, cyanates, thiocyanates and cyanogen chloride are
not included.

6.3.3 Free cyanide (or alternatively: easily liberatable cyanide)
According to ISO 14403-1.(Water analysis), free cyanide (or alternatively: easily liberatable cyanide) fis:

Sum of H(N, cyanideiions and the cyanide bound in simple metal cyanides as determined in accordarnce
with ISO 14403-1.,

CAUTION —Free cyanide in this context is not equivalent to free cyanide as defined in 6.2.

6.3.4 Weak acid dissociable (WAD) cyanide

There are many definitions given for WAD cyanide in various methods. Typically, WAD cyanide includes
those cyanide species liberated at pH 4,0; or 4,5; or 4,5 to 6,0; or 3,0 to 6,0 (see Annex B); or by strong
acid and ligand exchange reagents through a gas permeable membrane. WAD cyanides includes:
HCN(aq), CN-, the metal bound cyanide complexes (Zn, Cd, Cu, Hg, Ni and Ag) and others with similar
dissociation constants.

6.4 Total cyanide

This measurement of cyanide includes all free cyanides, all dissociable cyanides and all strong metal
cyanides. Only thiocyanate is excluded from the definition of total cyanide. Total cyanide includes:
- HCN(aq), CN-, metal bound cyanide complexes including [Fe(CN)g]-4, [Fe(CN)¢]-3, a fraction of
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[Co(CN)g]3, Au, Pd and Pt complex cyanides present. Most total cyanide methods do not quantitatively
recover these latter four species.

6.5 Cyanide amenable to chlorination

This is based on the difference between total cyanide measurements before and after chlorination
treatment. This method is used to establish the efficacy of alkaline chlorination in cyanide oxidation.
The result is determined by difference: one total cyanide result from a sample without chlorination
treatment and one result from a sample after chlorination treatment (using hypochlorite). The
difference between the two results is cyanide amenable to chlorination.

7 | Current ISO/CEN environmental cyanide standards (see also AnnexC)

7.1 Water

7.1.1 1SO06703

ISQ 6703 consists of the following parts:

—| Part 1: Determination of total cyanide;

—| Part 2: Determination of easily liberatable cyanide;

—| Part 3: Determination of cyanogen chloride.

Thle methods specified in ISO 6703-1, ISO 6703-2 andd$0 6703-3 are suitable for controlling the quality
of water and for the examination of municipal sewage and industrial effluents (see also 7.3J1). Where
significant interferences are not present, theylare appropriate to the technology availablle for the
deftruction of cyanides in treatment plants;sand are based on the separation of liberated |hydrogen
cyqnide (or in the case of ISO 6703-3, for cyanogen chloride). Distillation methods at low pH have not
begn found to be suitable for metallurgical’processing samples containing significant concentrations of
thiocyanate (negative bias) or thiocyahate plus nitrate (positive bias).

ISQ 6703-1 and ISO 6703-2 are still in use by small laboratories, but larger ones prefer ISO 14¢#03-1 and
ISO 14403-2.

ISQ 6703-3 is applicable to-the determination of cyanogen chloride in the range 0,02 mg/1 t¢ 15 mg/1.
Cyhnogen chloride at,a‘sglution pH of 5,4 is entrained in a current of air and absorbed into ja solution
of pyridine and barbituric acid and then determined photometrically. Cyanogen chloride is hydrolysed
to |cyanate at the~pH > 12, this being the pH of preserved cyanide samples. Thus, rapid dnalysis is
re¢ommended €erthis parameter.

7.1.2 1S0:17690

ISQ 27690 specifies methods for the determination of free cyanide at pH 6 in various types of water
(SL ehas gt uuud, et ;u}\ius, St fCle, lcabhatc, waste-waters arrdretattt siba} Pt chao;us waste Water)

with cyanide concentrations from 5 ug/1to 500 pg/l expressed as cyanide ions in the undiluted sample.
The range of application may be changed by varying the operation conditions, e.g. by using a different
injection volume.

The sample is introduced into a carrier solution of the flow injection analysis (FIA) system via an
injection valve and confluence downstream with a phosphate buffer solution at pH 6 to measure free
cyanide. The released hydrogen cyanide (HCN) gas diffuses through a hydrophobic gas diffusion
membrane into an alkaline acceptor stream where the CN- is captured and sent to an amperometric
flow cell detector with a silver-working electrode. In the presence of cyanide, the silver electrode
surface is oxidized at the applied potential. (Eapp = 0,0 V vs. the reference electrode). The anodic
current measured is proportional to the concentration of cyanide in the standard or sample injected.
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7.1.3 1SO 14403-1

ISO 14403-1 specifies methods for the determination of cyanide in various types of water (such as
ground, drinking, surface, leachate, and waste water) with cyanide concentrations from 2 ug/I to
500 pg/1 expressed as cyanide ions in the undiluted sample. The range of application can be changed
by varying the operation conditions, e.g. by diluting the original sample or using a different injection
volume. In this part of ISO 14403, a typical mass concentration range from 20 pg/1 to 200 pg/l is
described.

Seawater can be analysed with possible changes in sensitivity and adaptation of the reagent and
Callbratlof\ caoluticonctatho calinity af+ha carmnlac

oTrerto o to T C-OTrrirey - ot e oo i pre T

This method determines total cyanide and free cyanide (easy liberated cyanide). Complex:bound
cyanide i§ decomposed by UV light at pH 3,8. A UV-B lamp (emission maximum >310 nm té 400 njm)
and a digestion coil of fluorinated ethylene propylene (FEP) or polytetrafluorethylened(PTFE)| is
used to block all UV light with a wavelength <290 nm thus preventing the conversion‘of thiocyanate
into cyanjde. A hydrolytic treatment in a thermoreactor (85 °C) assists the decompesition. Total and
easily libgrated cyanide can be directly determined. Complex cyanide can be calctlated by differenice.
Thiocyanate will not be detected. A check is recommended that 1 000 pg/1 SCN éxpressed as CN givels a
result of 4100 pg/1 CN.

The lowedt validation study concentration sample for free (easily liberated) cyanide was 63 pg/1. Thius,
this methpd may not be suitable for monitoring discharge consents of free cyanide below 10 pg/l. §ee
Annex C.

The methgd validation was carried out three years before the standard was published. In addition, this
empirical[method also allows amperometric detection to be uséed as an alternative to the photometiric
detection|method. There does not appear to be any validation data comparing these two end pojint
detection|methods.

7.1.4 190 14403-2

ISO 14403-2 specifies methods for the determination of cyanide in various types of water (such|as
ground, dfrinking, surface, leachate, and waste water) with cyanide concentrations usually from 2 pug/1
to 500 ug[l, expressed as cyanide ions inthe'undiluted sample. The range of application may be changed
by varying the operation conditions,€.g. by diluting the original sample or changing the path lengtH of
the flow cgll.

Sea wateff can be analysed with'possible changes in sensitivity and adaptation of the reagent gnd
calibratioh solutions to the salinity of the samples.

This method determings/total cyanide and free cyanide (easy liberated cyanide) by UV digestlon
and distillation. Total,and easily liberated cyanide can be directly determined. Complex cyanide dan
be calculdted by difference Thiocyanate will not be detected due to the wavelength range of the JV
lamp (317 nm t0"420 nm). A check is recommended that 1 000 pg/1 SCN expressed as CN gives a respult
<100 pg/J CN¢

The lowestTVatidation STudy concentration Sampie for free (easily berated) cyantde was 25 pg/ - Thus,
this method may not be suitable for monitoring discharge consents of free cyanide below 10 pg/l1 (see
Annex C).

One criticism of this empirical method is that the method allows the following options:

Either distillation at 125 °C at pH 3,8 or a gas diffusion cell having a hydrophobic semi-permeable
membrane at temperature of 30 °C to 40 °C can be used for separation of the hydrogen cyanide present.
Data presented at the 2012 ISO/TC 147/SC 2 meeting in Paris clearly showed that loss of free cyanide
occurs by reaction with sample matrix components at higher temperatures and that these two options
are likely to lead to different results for real samples especially at low free cyanide (<10 pg/11levels). The
method validation data carried out three years before the standard was published does not indicate
which option was used. In addition, this empirical method also allows amperometric detection to be
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used as an alternative to the photometric detection method. There does not appear to be any validation
data comparing these two end point detection methods. Thus, this method may not be suitable for
monitoring regulatory discharge consents of free cyanide below 10 pg/1.

7.2 Soil

7.2.1 1SO 11262

[SO 11262 is applicable to as-received (field-moist) samples and specifies two different procedures for
thelibheration of {‘y;midp from the soil:

—| directliberation of hydrogen cyanide using orthophosphoric acid distillation (normative];

—| extraction with sodium hydroxide solution and subsequent liberation using orthophosphoric acid
distillation (informative).

Thie liberated cyanide is determined either by a photometric method or a titrimetric method using an
indicator. Under the conditions specified in this method the lower limit gf\application is 0,5 mg/kg of
totlal cyanide (expressed on the as-received basis) for photometric detérmination and 10 mg/kg for
titfimetric determination.

Using the alkaline extraction followed by liberation using phosphoric acid distillation, the lower
limit of application is 1 mg/kg of total cyanide (expressed ofi¢the as-received basis) for phjotometric
defermination and 30 mg/kg for titrimetric determination,

7.2.2 15017380

IS 17380 specifies a method for the photometric détermination of the total cyanide and easily liberatable
cyqnide content in soil using automated distillation-continuous flow analysis. It is applicable tp all types
of $0il with cyanide contents above 1 mg/kg onthe basis of dry matter, expressed as cyanide ion.

Sulfide concentrations in the sample higher than 40 mg/kg dry matter cause interference. This effect
cah be recognized by the split peaks(and as a slow decrease of the detector signal and cgn only be
prevented by diluting the sample ektract.

Thlis method is equivalent tosthe ISO 14403 water methods for the analytical cyanide ion|detection
part. It describes the samplé.pre-treatment procedure for the extraction of cyanide from soil{ Total and
easily liberatable cyanide cah be directly determined. Complex cyanide can be calculated by difference.

7.3 Waste (Slurries)

7.3.1 CEN/TS'16229

CEN/TS16229 specifies methods for sampling and analysis of weak acid dissociable cyanide discharged

PP q European
Parliament and of the Council of 15 March 2006 on the management of waste from extractive industries.

Filtration of the sample removes the fluctuations associated with differential settling of solids. Even
though weak acid dissociable cyanides are very soluble and typically do not adhere to these solids,
removal of these will minimize any degradation by oxidation or other chemical reactions.

The samples can contain substances that may interfere with the determination, especially sulphides
and oxidizing matter such as hydrogen peroxide. When the laboratory is off-site, oxidizing agents
should be reduced prior to sending the sample to the laboratory. Before analysis, removal of sulphides is
sometimes necessary. If samples are to be analysed directly after sampling the recommend procedures
for sample pre-treatment can be omitted, if it has been proven that no interferences occur during the
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analysis time. Composite samples will require sample pre-treatment to preserve the various cyanide
species.

WAD cyanides are determined by applying ISO 6703-2 or ISO 14403. When using ISO 6703-2 limited
interference from thiocyanate, iron, copper, sulfate, sulfide and other compounds might occur (for
details of interfering concentrations see ISO 6703-2). Application of ISO 14403-2 shows less interference
but samples usually have to be diluted.

7.4 Concluding remark
Many of Fhm—lﬁ_l.——*l—ﬁ_e above methods can be carried out on proprietary COmmercial equipment according| to
suitable npethods supplied by the equipment manufacturer. However, the users will need to carcy ¢put
their own|method validation trials.

Annex C pttempts to summarize the methodology scopes and performance charactefistics of the
ISO/CEN dyanide standards.

8 Othdr national and international cyanide standards, methodologies and guides

8.1 General

These following four organisations have all published methods fer{ determination of cyanide and
cyanide species in environmental matrices. Most of these methods’are summarized below.

— The US Environmental Protection Agency (USEPA);
— The American Society for Testing and Materials (ASTM International) (see Annex D);
— Standard Methods for the Examination of Water-and Wastewater (currently the 22nd Edition);

— The KEnvironment Agency (England and Wales) Methods for the Examination of Waters gnd
Assodiated Materials.

NOTE From Method 176 onward, all SCA méthods are freely available on the web: http://www.environmgnt
-agency.goy.uk/research/commercial/32874.aspx (accessed 3.11.2016).

Other methods for determination-of ¢yanide are published especially at national level. However, thé¢se
were not fonsidered in detail for-the preparation of this document, due to the fact that they are pot
available {n English.

8.2 USHPA Method Kelada-01: Kelada automated test methods for total cyanide, acid
dissociable cyanide;and thiocyanate, Revision 1.2 (2001)

NOTE See _http://webappl.dlib.indiana.edu/virtual_disk_library/index.cgi/5315321/FID2672/Kkelada.pdf
(accessed 3.112016).

Th t wwathaodc ol +o 3fforant tazanc of tarota cagoctarazatar (eoy coyaagn cliadaon o d o went
ese eS ITICLITUUO bll.ll.ll)’ U " UIricrI vIiv L-y l.l\") Ul VVdlLlrD, vwdotluvvdaltll Ll Aavyv a\.vvus\,, .:uuus\,, dIirfuv CvIiriucciil )

sludge, some industrial waste, and sediments.

The methods use a combined online ultraviolet (UV) irradiation and flash distillation system in place
of classical manual cyanide distillation procedures to determine total cyanide. Under irradiation
in a glass coil, strongly-bound complex cyanides (excluding the majority of thiocyanate) break down
into free cyanide, which is separated from the sample matrix by distillation and is detected using an
online colorimeter. By omitting UV-irradiation, acid dissociable cyanide complexes are broken down
and determined. By replacing the glass irradiation coil with a quartz coil, thiocyanate can then be
determined.

Total cyanide is defined as: “All the acid dissociable cyanides and the strong metal-cyano-complexes,
such as ferrocyanide [Fe(CN)g]4-, ferricyanide [Fe(CN)g]3-, hexacyanocolbaltate [Co(CN)g]3-, and those
of gold and platinum.”
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Acid Dissociable Cyanide is defined as: “Free cyanides as CN- and HCN, and weak metal-cyano-
complexes such as [Cd(CN)4]2-, Mn(CN)g]3- and [Ni(CN)4]2-, as well as mercury cyanide Hg(CN)>. Iron
complexes are not included. Acid dissociable cyanide, as determined by this method, is equivalent to
cyanide amenable to chlorination (CATC) and available cyanide.”

Cyanates and cyanogen halides are not detected. Cyanogen chloride hydrolyzes to cyanate at the pH of
sample preservation (22). Most of the organo-cyano-complexes are not measured, with the exception of
the weak cyanohydrins.

Thiocyanate plus nitrate is a significant interference with this method. Sulfide and nitrate plus nitrite

interfere at concentrations of about 15 mgI/] and highnr

NOTE The ASTM version of this method (D 4374-00) has been withdrawn by ASTM International

8.
co

USEPA Method 335.4 Determination of total cyanide by semi-automated
orimetry, Revision 1.0 (August 1993)

Thiis method determines cyanide by manual distillation with sulfuric acid-and magnesiun
using a midi-distillation apparatus and colorimetric detection using autemated pyridine-
acid. It does not allow amperometric determination. The method determines total cyanides
nof use UV digestion and thiocyanate interferes. It is applicable to drinking, ground, surface

wdters as well as domestic and industrial wastes, excluding metallurgical process or samplg
cohtaining significant concentrations of thiocyanate and/or-thiocyanate plus nitrate. The

rafge is 5 ug/1to 500 pg/1033].

8.1

off-line distillation), Revision 2 (Nov 2004, Rev'2)

i USEPA Method 9012b Total and amenable cyanide (Automated colorimetrig,

h chloride
barbituric
and does
hnd saline
solutions
hpplicable

with

Thiis method detects inorganic cyanides that ;are present as either soluble salts or co
wg
to
cy
dig

ution. The cyanide ion in the absorbing solution is then determined by automated UV co
method is not suitable for_hetallurgical processing solutions containing significant conc

tal cyanlde an

plexes in

stes and leachates. It is used to determine values for both total cyanide and cyanide [amenable
chlorination. The “reactive” cyanide.content of a waste is not determined by this mefthod. The
inide, as hydrocyanic acid (HCN), is'¥eleased from samples containing cyanide by means df a reflux-
tillation operation under acidic conditions and absorbed in a scrubber containing sodium hydroxide

orimetry.
bntrations

, Rev 3)

insoluble
cyanides
he form of
ution. The
hod 9213.
1l cyanide

Thl

o o-chlorin lon he a afaVa S hils method
S method was deSIgned to address the problem of trace analyses (<1 000 mg/l) The met

hod is not

suitable for metallurgical processing solutions containing significant concentrations of thiocyanate.

8.6 USGSI1-2302/1-4302/1-6302 Cyanide, calorimetric, barbituric acid, automat
segmented flow (1989)

Cvanide, dissolved, I-2 302-85 (mg/l as CN): 00 723

Cyanide, total recoverable, I-4 302-85 (mg/l as CN): 00 720

ed-

— Cyanide, recoverable-from-bottom-material, dry weight, 1-6 302-85 (mg/kg as CN): 00 721.
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— This latter method determines thiocyanate as cyanide because of the UV lamp used emitting light at
wavelengths below 290 nm.

— The method is not suitable for metallurgical processing solutions containing significant
concentrations of sulphides and thiocyanate.

8.7 EPA/OIA-1677-09 Available cyanide by flow injection, ligand exchange, and
amperometry

This ligand displacement method for waters and wastewaters applies manual pre-treatment of
the sample with two ligands followed by gas diffusion and measurement of available cyanide wiith
amperometric detection.

The analytical procedure employed for determination of available cyanide is divided: jirto two
parts: sagple pre-treatment and cyanide detection. In the pre-treatment step, proprietary ligand
exchange [reagents are added at room temperature to the sample. The ligand-exchange reagents form
thermodypnamically stable complexes with the transition metal ions zinc, copper,.cadmium, mercyry
nickel and silver resulting in the release of bound cyanide ion from the metal-cyana complexes.

Cyanide detection is accomplished using a flow-injection analysis (FIA) ;system. A 200-uL aliqjiot
of the prg-treated sample is injected into the flow injection manifold of the system. The addition| of
hydrochldric acid or bismuth nitrate-sulfuric acid solution converts cyanide ion to hydrogen cyanjde
(HCN) that passes under a gas diffusion membrane. The HCN diffus€s’ through the membrane into|an
alkaline receiving solution where it is converted back to cyanide)ion. The cyanide ion is monitofed
amperomgtrically with a silver working electrode, silver/silver*chloride reference electrode, and
platinum/stainless steel counter electrode, at an applied potential of zero volts. The current generated
is proportional to the cyanide concentration present in the original sample. Total analysis tim¢ is
approximptely two minutes.

Zweng et|al.l16] give some further details on the use of potential non-proprietary ligand excharnge
reagents [tetraethylenepentamine and diphenylthiocarbazone). The goal of this very comprehensjve
study waq to assess the method detection limits, accuracy and precision of five cyanide-species-specific
and two gutomated-total cyanide analytical ethods with a broad spectrum of contaminated wager
matrices quch as publicly owned treatment works (POTW) influents, POTW effluents, and contaminated
groundwdters from a former manufactured gas plant (MGP) site and from a waste disposal site of|an
aluminiurp smelting plant. Emphasis-in‘the study was on performance of the methods at low (<100 pg/1)
cyanide species concentrations inrmunicipal and industrial water matrices.

8.8 ASTM Internationalmethods

Details of|the eight ASTM)international methods D2036, D4282, D4374, D6888, D6994, D7237, D7284
and D7511 are givendintAnnex D.

8.9 The Picricacid method for determining weak acid dissociable (WAD) cyanide

Picric acifl €an be used in a colorimetric procedure to determine the concentration of weak afid
dissociable (WAD) cyanidel22]. In the presence of free cyanide, picric acid is reduced to the coloured
isopurpuric acid, with the colour intensity directly proportional to the concentration of free cyanide
originally present in the sample. In this procedure, cyanide that is weakly complexed with metals
such as cadmium, copper, nickel and zinc is first dissociated by the addition of a chemical ligand
[diethylenetriaminepentaacetic acid (DTPA)] and the resulting free cyanide is then able to react with
picric acid. Cyanide bound with iron or cobalt is not measured with this method.

The method requires close control of sample pH since the intensity of colour development varies outside
of the pH range of 9,0 to 9,5. Buffer solutions are prepared to provide a sample pH in this range, but
samples used with the spectrophotometer should periodically be checked to ensure the pH is within
this range. Information on this method is also given in Reference [1]. The method is not suitable for
metallurgical processing solutions containing significant concentrations of thiocyanate.
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8.10 Standard methods for the examination of water and wastewater standard methods
4500-CN- cyanide (1999)

NOTE See https://law.resource.org/pub/us/cfr/ibr/002/apha.method.4500-cn.1992.pdf (accessed 7.11.16).

The Standard Methods 4500-CN- contains methods for different cyanide species in waters and
wastewaters:

A Introduction

An overview of the analysis of waters and wastewaters is given including cyanide speciation,
deftruction of cyanide; advice on the determination of soluble and insoluble cyanide in solld wastes;
selection criteria for methods.

B |Preliminary treatment of samples

Tth useful section highlights sample preservation and how to overcome interfgerénces arising during
sample storage.

C [Total cyanide after distillation

Ac]d distillation with magnesium chloride. It is noted that addjtion’ of magnesium chlorjde is not
esgential for this determination. To determine cobalticyanides, UV-pretreatment is needed.

D |Titrimetric method

Thiis method is applied to an alkaline distillate from option-C.
E [Colorimetric method

Thiis method is applied to an alkaline distillate from option C.
F |Cyanide-selective electrode method

Thjis method is applied to an alkaline distillate from option C.
G [Cyanides amenable to chlorination after distillation

After an aliquot of the water/wastewater sample is chlorinated to decompose the cyanides pregsent, both
th¢ chlorinated and untreated’sample aliquots are analysed by Method C total cyanide after distillation
(sge above). The difference. between the untreated sample and the treated sample is cyanides|amenable
to chlorination after distillation.

Thiis section noteS$ that some unidentified organic compounds may oxidize or form breakdown products
dufing chlorination giving higher results for cyanide after chlorination than before chloringtion, thus
legding to amégative value for cyanides amenable to chlorination after distillation. The method is not
sujtable fermetallurgical processing solutions containing significant concentrations of thiocyanate.

H [Gyahides amenable to chlorination without distillation (short-cut method)

This simple method covers the determination of HCN and CN- complexes that are amenable to
chlorination without a distillation step; however this will also include thiocyanate. The method is not
suitable for metallurgical processing solutions containing significant concentrations of thiocyanate.

[ Weak acid dissociable cyanide

HCN is liberated from a slightly acidified sample (pH 4,5 to 6,0) under the prescribed distillation
conditions. The method does not recover cyanide from very stable cyanide complexes that would not be
amenable to oxidation by chlorine. The acetate buffer employed contains zinc salts to precipitate iron
cyanide complexes.

] Cyanogen chloride
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If the sample contains any detectable chlorine (detectable via starch iodide paper), sodium thiosulfate
should be added to remove it. The sample pH is then adjusted to pH 8,0 to 8,5 and reaction with
pyridine-barbituric acid followed by measuring the absorbance at 578 nm is used to determine
cyanogen chloride.

K Spot test for sample screening

This screening spot test can be used to rapidly establish whether a sample contains more than 50 pg/1
of cyanide amenable to chlorination. Formaldehyde and thiocyanate interfere.

L Cyanates

A method|for determining cyanate is given with a limit of detection of 1 mg/1 to 2 mg/1 is given. Qne
sample aljquot is analysed for ammonia N (B mg/1) using an ammonia selective electrode, then'another
aliquot is facidified with sulfuric acid to a pH of 2,0 to 2,5 and then heated to 90 to 95 °C f6r,30 min| to
hydrolyselany cyanate present to ammonia.

2CNO[ +2H™ +4H,0 = 2NH} + 2HCO;

After cooling, the aliquot is then analysed for ammonia (A mg/1 as N). The-cyanate concentration [as
CNO) is then calculated as 3,0* (A-B) mg/1.

M Thiocyanate

A method| for thiocyanate (0,1 mg/l to 2,0 mg/1 CNS-) is described. It uses a macroreticular resin| to
remove cqlour and interfering organic compounds without removing thiocyanate. Then the thiocyanate
is determ]ned colorimetrically after reaction with iron(III).

N Total clyanide after distillation, by flow injection analysis

This desclibes the determination of total cyanide szith manual distillation as described above (se¢ C
above), followed by flow injection analysis with ¢élorimetric detection.

0 Total cyanide and weak acid dissociable ¢yanide by flow injection analysis

This desdribes an automated system, with UV digestion and distillation, followed by colorimetfric
measurenfent. Thiocyanate is not determined and total cyanide and weak acid dissociable cyanide dan
be measufed. For total cyanide, the'sample stream is mixed with heated phosphoric acid and irradiated
with UV radiation and passed-over a gas permeable silicone membrane. HCN diffuses through this
membrang and is detected celorimetrically. This method is similar to ISO 14403-1.

8.11 The¢ determination of cyanide and thiocyanate in soils and similar matrices (2011).
Methodsq for the examination of waters and associated materials, standing committee gf
analysts| 2011 (Method 235)

NOTE Sde
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/316762/Blue Book 235 cyanide.pdf
(accessed 04.11.2016).

The following seven methods are specified:

AA Determination of easily liberated cyanide by steam distillation of a buffered air-dried soil at a pH
value of 4, followed by spectrophotometric determination using chloramine-T and barbituric acid.

AB Determination of easily liberated cyanide by steam distillation of a buffered “as received” soil
sample at a pH value of 4, followed by spectrophotometric determination using chloramine-T, sodium
isonicotinate and sodium barbiturate.

AC Determination of easily liberated cyanide by steam distillation of an alkaline extract of a soil sample
at a pH value of 3,8, followed by spectrophotometric determination using chloramine-T, isonicotinic
acid and 1,3-dimethylbarbituric acid.
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BA Determination of total cyanide by steam distillation of an acidified air-dried soil followed by
spectrophotometric determination using chloramine-T and barbituric acid.

BB Determination of total cyanide by steam distillation under acidic conditions of an alkaline extract
of an “as received” soil sample, followed by spectrophotometric determination using chloramine-T,
sodium isonicotinate and sodium barbiturate.

BC Determination of total cyanide by steam distillation of an alkaline extract of a sample of soil at a
pH value of 3,8 after exposure to ultraviolet radiation, followed by spectrophotometric determination
using chloramine-T, isonicotinic acid and 1,3-dimethylbarbituric acid.

CA
de

Determination of thiocyanate by alkaline extraction of a soil sample, followed by spectrophotometric
fermination using chloramine-T, isonicotinic acid and 1,3-dimethylbarbituric acid.

8.
fo
20

ethods
Analysts,

12 The determination of cyanide in waters and associated materials, (2007) M¢
" the Examination of Waters and Associated Materials, Standing Committee of /
11 (Method 214)

N(
ht
pd

@
Th

TE See
ps://www.gov.uk/government/uploads/system/uploads/attachment_data/file/3136795/cyanide214 184791
fhttps://www.gov.uk/government/uploads/system/uploads/attachment_datayfile/316795/cyanide214_184
cessed 04.11.2016).

2
7912.pdf

e following four methods and a guidance document are descyribed:

B
p

Determination of “total” cyanide by reflux distillation followed by ion selective |electrode

ofentiometry

Determination of “total” cyanide by reflux distillation followed by colorimetric detection
Determination of cyanide by microdiffusion

Determination of cyanide using contintious flow measurement

Guidance on the determination-of:total cyanide in the presence of strongly interfering metals and

similar substances

8.
Al

| 3 The Direct Determination of Metal Cyanides by Ion Chromatography with U

sorbance Detection[23]-[28]
All

the methods cited\in the main body of this document other than those cited in this section pssess the

po
cy
de
sty

fential toxicity/due to various empirical cyanide species and directly measure only the libe
hinide, typically by a colorimetric reaction with a pyridine-barbituric acid reagent or amp
fection. Fhese other methods rely on an operational definition to distinguish between

ong cyanide complexes, by subjecting the sample to increasingly harsh conditions to dissod

rated free
erometric
weak and
iate some

fra
‘cy ”,
lib e type of
metal cyanide complexes present, and the procedure used. These methods also require time-consuming
sample pre-treatment or distillation to reduce interference from sulfides, chlorine, thiosulfate, and
other interfering substances. The “free cyanide” results from many interlaboratory trials are not very
good for these highly empirical method defined cyanide parameters.

[ measure
” “ .
p”, “easily

ction\of the cyanide complexes and liberate free cyanide. Examples include methods tha
anides amenable to chlorination”, “weak acid dissociable cyanides”, “available cyanid
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) )

Ion chromatography (IC) is potentially superior to these methods because it resolves each individual
metal cyanide complex into a discrete chromatographic peak. IC thus allows a precise differentiation of
complexes of lesser toxicity from those of greater toxicity. However, there is the problem of obtaining fit
for purpose relevant complex cyanide species reference materials for calibration. Reference [23] gives
details of a method for determining metal cyanide complexes of silver, gold, copper, nickel, iron, and
cobalt ([Ag(CN)2]-, [Au(CN)z2]-, [Cu(CN)4]3-, [Ni(CN)4]2-, [Fe(CN)g]4-, [Co(CN)g]3-) in water and effluent
samples. These ions are separated on a 2 mm lonPac® AS 11 column and quantified by measuring their
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absorbance at 215 nm. The main disadvantage is the relatively poor detection limits, typically at the
0,5 mg/1to 2 mg/l1 level.

To overcome this limitation, a further paper(24] solves the poor detection limits problem using a simple
pre-concentration technique. Sensitivity for most of the metal cyanide complexes is improved by over
two orders of magnitude, compared to a direct injection, by pre-concentrating metal cyanide complexes
from a large sample volume onto a trap column before separation.

Another follow-on paper entitled “Determination of Metal Cyanide Complexes in Solid Wastes by Anion-

Exchange Chromatography with UV Absorbance Detection” has also been published[25]. The samples
were extracted-in-accordancewith SW 84.6 Methaod 90 13A

NOTE Seettps://www.epa.gov/hw-sw846/basic-information-about-how-use-sw-846 (accessed 04.11.2016).

Up to 25 g of the solid sample is combined with 500 ml of water plus 5 ml of 50 % (m/nt)"NaOH ip a
bottle and extracted by tumbling continuously for 16 h. The pH is maintained above 10 throughout the
extraction step.

In additipn, there is the USEPA Method 9015, Metal Cyanide Complexes“by Anion Exchange
Chromatography and UV Detection[26]. This test method covers the determimiation of metal cyan]de
complexe$ in waters and extracts of solid wastes using anion exchangé-ohromatography and UV
detection| The following analytes have been determined by this method.

Analyte Common name

[Ag(CN)2] Dicyanoargentate(I)

[Au(CN)2] Dicyanoaurate(I)

[Co(CN)6]$- Hexacyanocolbaltate(III)
[Cu(CN)3]3 Tricyanocuprate(I)

[Fe(CN)el3- Hexacyanoferrate(III) (ferrocyanide)
[Fe(CN)e]t Hexacyanoferrate(II) (ferricyanide)
[Ni(CN)4]7- Tetracyanonickelate(II)

Black and Schulz[2Z] have described a phetodiode array ion chromatographic detection method af a
fingerprinting tool for metal cyanide complexes in gold processing solutions.

Care shallfbe taken when interpretingusing ion chromatographic methods that use cyanide as the elugnt.

9 Sample preservationm’and interferences

NOTE Sample presépvation for cyanide also minimizes many forms of interference relating to this complex
parameter](see Annex E):

9.1 Sample preservation

Sample pl CoC1 VClt;Ull fUl Ly auidc aua}_y oio ;D llUt IICTCCTo5dl ;]l_y LUlllPatib}C \AY ith }Jl COoC1 vatiuu Pl ULCdu eS
for other determining parameters such as pH, nutrients and total metal concentrations. Hence, for
the determination of parameters other than cyanide, separate sub-samples need to be taken from the

original sample and need to be preserved accordingly. Details for preserving aqueous samples are
availablel11[Z]-[12][18][19],

9.1.1 1SO5667-3

In ISO 5667-3:2012, Table A.1, the following preservation steps are listed:

Cyanide easily liberated
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Plastic or glass container; add NaOH to pH > 12. Cool to between (3 * 2) °C. Keep samples stored in the
dark or use dark-coloured bottles. Max storage 7 d or only 24 h if sulfide is present (not validated, but
best practice). This also applies to ISO 14403-1 and ISO 14403-2.

Cyanide, total

Plastic or glass container; add NaOH to pH > 12. Cool to between (3 £ 2) °C. Keep samples stored in the
dark or use dark-coloured bottles. Max storage 14 d or only 24 h if sulfide is present (validated). This

also applies to ISO 14403-1 and ISO 14403-2.

Cyanogen chloride (cyanochloride)

Pldstic container. Cool to between (3 * 2) °C. 24 h/1 d. Best practice.

Thyus, it can be seen that all water-based cyanide samples will need to be screenedfor'the p
sulfide, if they are to be stored for more than 24 h. The relevant ISO/CEN methods‘provide gu
hojw this should be carried out.

9.1.2 1S017690

Immediately after sampling bring the pH of the water samples toCk "+ 0,1 with sodium
SZE‘tions [ to Il (7.2 to 7.4) such that the quantity of added alkaline‘yields a negligible diluf
sample. Alternatively, bring the pH of the water samples to 11 +0,Yby adding sodium hydrox
(1 fto 2 pellets per 500 ml). Avoid excess preservation, as it can‘result in problems with a low
anfl/or poor peak shape of available free cyanide during analysis.

If Jodium hydroxide pellets are used, take care not to raise the pH above 11,1.

If {
lah

he sample appears turbid, remove the particles. by filtration at 0,45 pm or by decantat
oratory.

So
pr
thi
the
lah
wi
an
zel

me very comprehensive data including.on sample preservation and analyte stability ij
psented by the ISO/TC 147/SC 2/WG 66'technical committee in relation to ISO 17690. The
s holding test was to determine how'long samples with low levels of free cyanide could be s
bn tested to accurately determin€ the concentration of cyanide within the samples during
oratory testing of the proposed standard method. For this holding time study, samples w¢
th a known amount of cyanide, with no cyanide being added after the initial spike. Each s3
hlysed for free cyanide ehce a week for five weeks. An initial concentration was measur
o, then once a week for-the remaining four weeks. For the saline samples, initially 400 p
CN- samples at concentrations of 0,1 %, 3 %, and 10 % NaCl were measured for four weel
se¢ond test was perfermed with samples of 200 pg, 300 pg, 400 pg and 500 ug/L spiked C
NalCl concentration."The samples were analysed in replicates of 10 for the first day, then re
three for twq weeks. For all samples, with the exception of the effluent from a biological

mgximum holding time of six days was found to produce acceptable results.

.34 _Other cyanide methods

resence of
idance on

hydroxide
ion of the
de pellets
[ recovery

ion at the

sues was
urpose of
tored and
the inter-
bre spiked
mple was
ed on day
pb spiked
ks total. A
N- at each
blicates of
process, a

; 0.2 01 3.1. 2 OT OTtNEerwise spe ed, Samples must De analy
14 d; however, it is recommended to estimate the actual holding time for each new sample

ed within
matrix as

described in Practice D4841. Certain sample matrices may require immediate analysis to avoid cyanide
degradation due to interferences. A holding time study is required if there is evidence that cyanide
degradation occurs from interferences which would cause the holding time to be less than specified in
this practice or Practice D7365".

However, USEPA Method 335.4 “Determination of Total Cyanide by Semi-Automated Colorimetry”
states in 8.4 that “Samples should be analysed as soon as possible after collection. If storage is required,
preserved samples are maintained at 4 °C and may be held for up to 14 days”. No mention is made of the
issue of samples that contain sulphide.
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Two other papers provide interesting information by Delaney[29] and an application note from the
company OI Analyticall30].

ISO 18512 for soil samples gives no specific guidance for cyanide species, ISO 18512:2007,11.3.4 states
“Other inorganic parameters (chloride, sulfate, fluoride, cyanide, sulfide). In general, these inorganic
parameters are expected to be quite stable over time. As sulfide will react with air to form sulfate, it
is necessary to store samples for sulfide determination in the absence of air.” This standard implies
cyanide species are stable in soil.

It also states that “a stability study has demonstrated that refrigerated soil samples are stable for at
least four days”[34]

Itis reconjmended that the assessing the effect of sulfide on the stability of relevant cyanide parameters
should be|carried out.

9.2 Interferences

For most groundwaters and treated (drinking) water, there are few potential intetferences other than
chlorine ip drinking water.

For many|effluents and receiving waters, as well as soils, there are a significant number of potential
interfererce effects can affect the cyanide analytical results using miethods enumerated in this
document| especially at low pg/l1 levels of cyanide. It is important that Users of cyanide methods are

aware of [these potential interference effects and apply appropriate procedures to minimize thgse
interfererjce effects(Z][10]-[16][18]-[21][29][30],

Interferer{ce can result from the following:
— the infterfering substance or a breakdown product of it-destroying cyanide;

— formdtion of cyanide from an interfering species'or a breakdown product of it;

— interference of species with the end point” detection methods commonly applied (titratipn;
colorimetry or amperometry).

Thus, some interference effects are method dependent.

Annex E gives information on interference effects; potential sample preservation and some method
modificatjons to overcome or minimize these interference effects.

The AMIRA project P497A, Chapter 2[31] contains detailed information from research of interferen¢es
(including salinity) and their effect on the performance of a wide range of standard cyanide methgds
(Free, WAD and total CNjunetal cyanide speciation, SCN, CNO).

NOTE See als0)' http://www.amira.com.au/ and http://dana6.free.fr/3%20060713%20English%20
Compendiym.pdf ¢beth accessed 04.11.16).

ASTM D7T365~ 09AlZ] entitled “Standard Practice for Sampling, Preservation and Mitigat{ng

Interferer cas—in-Water Samanlac for Analucic of Couanida” givac panch peaf] ogiidanecn Thic dociiioant is

T O pPTICSTOT 1Ial y 510 UT Gy aiitac— Ty Co ot oot o g atrtorr CoT o o totroiT

applicable for the collection and preservation of water samples for the analysis of cyanide and addresses
the mitigation of known interferences prior to the analysis of cyanide. Responsibilities of field sampling
personnel and the laboratory are indicated.

The USEPA Footnote 6 in 40 CFR, Part 136, Part 3, Table 2 “Guidelines in establishing test procedures
for the analysis of pollutants under the clean water act”, 12th March 2007, also gives much useful advice
on the various forms of cyanide interference and how to overcome theml[8][9] (see also Annex E).

Incidentally, this footnote outlines two methods for sulfide removal:

Acidification to pH < 2 and stripping of hydrogen sulphide using a low volume of air that will fully
remove sulphide, but retain over 90 % cyanide followed by adjusting the pH to > 12 or alternatively
adding 1 mg of cadmium chloride per ml of sample to the sample at a pH > 12 to form cadmium
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sulphide. Then filtering (0,45 pm) the sample and sending both the filtered sample and the filter paper
(for extraction with 5 % m/V sodium hydroxide to recover any adsorbed cyanide) to a laboratory for
cyanide analysis. ASTM methods recommend the use of lead carbonate powder to remove sulphide
followed by immediate filtration prior to submission of the filtered sample to the laboratory.

ASTM found that Cd causes loss of iron and mercury cyanides. Presumably by formation of insoluble
metal-metal cyanide complexes. The ASTM research report also demonstrates that the volatilization
methods are not very efficient. Footnote 6 in 40 CFR, Part 136, Table 2 was over ridden by a 2012 update
to Part 136. The same part now refers to ASTM D7365.

Potential interferences substances are cn]fidn’ cn]Fifn’ elemental cnlfnr’ H’\inr‘yanafn’ t iosu]fate’

ox]dising agents such as chlorine and hydrogen peroxide, ascorbic acid, nitrite, nitrate,thlocyanate,
ketones and aldehydes including formaldehyde. Also, surface active agents and carbonates fof methods
inyolving a distillation step can cause foaming issues. Ultraviolet light <410 nm_catr alsd result in
phptodecomposition of complex cyanide species to free cyanide.

Mdny of these interference effects can be reduced or overcome by various method’modificatiops usually
highlighted in the relevant method. Also distillation methods, compare@.with lower temperature
mgmbrane diffusion methods, can be subject to enhanced decomposition of or formation jpof certain
cyanide species.

10 Conclusions

Thiere is a large number of official national and internationaliméethods for the analysis of varioyis cyanide
pafameters for waters, effluents, leachates, soils and wastes.

It iis important to note that there is limited internatjonal consensus about the definitions of the various
cyanide parameters. It is important to appreciate that all cyanide parameters are empirical, where the
acfual method protocol determines the result-obtained (i.e. cyanide parameters are “methdd defined
anplytes”). This is especially true for samples with complex matrices and/or at very low cyanide
concentrations.

Mdny methods will determine the .sum of a number of species with some not being quantitatively
defermined (i.e. incomplete breakdown). Thus, it is essential that any standard cyanide method is
drafted in an unambiguous manner with the absolute minimum of analyst options and the method
protocol shall be closely folowed to ensure consistent results are obtained within and between
laHoratories.

Theere is a very widesrange of potential interference effects for the various cyanide paranjeters and
th¢se often significantly vary between methods and individual method options (e.g. choi¢e of final
cyanide detection method).

It is recommexided that all regulatory cyanide methods are subjected to international validation using
a yide range of real samples and/or synthetic matrix samples. Some international stanfards are
considered to have insufficient validation data and/or poor validation data. More reliable megsurement
of pncertainty data is required, especially for the low and sub ug/l1 level now being required for some

vV orctToTIIT P TeoT

Reliably monitoring free or easily liberatable cyanide in receiving waters at low pg/l1 levels on a long-
term basis is extremely difficult. International proficiency scheme(s) are needed to assess the reliability
of regulatory soil and receiving water cyanide analysis across all relevant countries. It is of little benefit
bringing in regulatory limits if samples containing analyte concentrations close to these levels cannot
be reliably analysed with an acceptable uncertainty.

There is need for cyanide reference materials for water and soil analysis especially for species other
than total cyanide.
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Annex A
(informative)

Summary of cyanide terms and definitions

The terms described in Table A.1 apply to the test solution sample prior to subjection to any analytical

methodol

20
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Annex B
(informative)

Summary of cyanide analytical methods
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Annex C
(informative)

Summary of the methodology scopes and performance
characteristics of the ISO/CEN cyanide standards

C.1 General

This anngx attempts to compare and contrast the performance characteristics of-the varic
ISO/CEN dyanide standards in a series of tables given below with respect to the following:

The methpd scopes including analytical concentration range and concentrations actually used in {
method performance testing are summarized here. It is important that concentration levels close
any regulatory limit are tested.

Free (or epsy liberatable) cyanide type methods only determine the “readily available cyanide”, wh
in many ifistances is a small percentage of the total cyanide present. Thus,/these are empirical methd
where thg extraction/liberation technique employed in the method will define the results.

In many cpuntries, low (<10 pg/1) regulatory limits have been sét for free (or easy liberatable) cyan
in effluents and/or receiving waters. Also, some low limits ha¥ebeen set for soil for this parameter.

us

he
to

ch
ds

de
So

it is impoftant that any official method is thoroughly validdted by assessing the method performance

with a ranpge of relevant samples. Methods that allow different options to be used should formally t
all options (e.g. the ISO 14403-2 free cyanide water method allows distillation at 125 °C or gas diffus

pst
on

at 30 °C tq 40 °C to liberate free cyanide). These two\options are likely to display different interference

effects for certain parameters in the free cyanidemethod.

The loweqt proposed predicted no-effects congentration (PNEC) derived for cyanide is 0,052 pg/1 H
for saltwdter long-terml4]. This reference @lso states “From the literature, it can be seen that analyti
methodolpgies provide detection limits of.around 5 ug/1to 10 pg/1, which suggests that they may not
adequate fo analyse cyanide for compliance with the proposed PNECs”. It should also be noted that {
suggested PNECs cited are also regarded as environmental quality standards (EQSs)[4l. It is considef
important that regulators consider the typical measurement uncertainty when setting regulatc
limits; typical background levels of the parameter of interest and finally how to ensure there is
significanf sample degradation prior to analysis.

The methpd validationgperformance trial should include samples demonstrating the following:

— abserfce of “significant breakdown” of thiocyanate to free cyanide when determining either free
total ¢yanide;

CN
cal
be
he
ed
ry
no

or

— abserlceCbf “significant breakdown” of hexacyanoferrate(Ill) [Fe(CN)g]3- to free cyanide wh

en

determining free cyanide;

— effectively quantitative recovery of cyanide from hexacyanoferrate(Ill) [Fe(CN)g]3- when

determining total cyanide.

Many regulators do not appear to understand the problems related to obtaining “fit for purpose” results

for free (easily liberatable) cyanide especially at low levels (e.g. below 10 pg/1).
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It is hoped that this document will help all stakeholders to appreciate the problems involved.

NOTE About the USA Approach: In general, the detection limits and limits of quantitation generated in
the laboratory under optimal conditions do not reflect those obtained in the field associated with much more
complicated chemical matrices. The USEPA has recognized these deficiencies and has implemented an approach
to take into account inherent variability in the form of the minimum detection limit (MDL) and the minimum
level (ML), also known as the practical quantitation limit. It is important to recognize that attempting to achieve
extremely low cyanide reporting levels in pg/l and even sub- pg/l is not realistic on a continuous basis and
frankly is no longer necessary based on decades of empirical evidence. The pursuit of this objective has led to
endless confusion as to whether or not environmental impacts or permit violations have occurred. The typical

outcome is litigation and turning to a judge to make the scientific determination.

Although WAD, free, easily liberated cyanide water quality standards have been applied throy
wdrld for protection of cold water aquatic life and sensitive salmonid species at levels,hetwy{
to [L0 pg/l in-stream, there remains the desire to fall back on the free cyanide standard“of 5 {
is pssentially unattainable through treatment or measurement under ambient éonditions.
if the free cyanide standard is to be implemented as has been the long term gpal of the U§
at the moment there is only one company claiming the ability to do just that with its instry
procedure. The EPA has approved that procedure and instrument for measurement of fre
at [levels accurate to below 5 pg/l (see ASTM D7237). This recent-development requirg
consideration as the value of the other procedures and how they are best utilized.

Regardless of the accuracy and precision of a particular cyanide procedure, ultimately the re
the analytical result is tied to the quality of the laboratory and\in particular the technician p
th¢ analysis. There is no guarantee that the detection and/quantitation limits that are
puplished will be obtained by an internal onsite or externalcommercial laboratory under actu
conhditions. Again from experience, it is generally accépted that there is profound differencs
th¢ abilities of laboratories to conduct cyanide analyses. Thus, the reporting of these limits s
ta

ghout the
ben 5 pg/l
g/l which
However,
EPA, then
ment and
e cyanide
s further

iability of
erforming
in theory
hl ambient
e between
imply in a

le could be misleading. ISO is a highly respected-organization worldwide and it is importamt that [SO

cyanide standards fully detail these potential prablems.

C.2 Scope of ISO 14403-1:2012

IS 14403-1 specifies methods for the,determination of cyanide in various types of water (such as ground,
drinking, surface, leachate, and waste water) with cyanide concentrations from 2 pg/1 to| 500 pg/I
expressed as cyanide ions in the'undiluted sample. The range of application can be changed by varying
the operation conditions, e.g\by diluting the original sample or using a different injection volume.

In [SO 14403-1, a suitable)mass concentration range from 20 pg/1 to 200 pg/1is described.

C.B Performance data of ISO 14403-1:2012

An interlaboratory trial for flow systems as described in Clause 7 was carried out in Spring R009. The
regults are shown in Table C.1.
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Table C.1 — Statistical data for the determination of free cyanide by FIA (in accordance
with ISO 5725-2)

. 1 n 0 X X n SR Cvr Sr Cyr
Sample Matrixa ' '
% ng/l | ng/l % g/l % g/l %
1 Drinking water| 22 90 8,2 75 72,5 96,7 4,80 6,6 1,28 1,8
2 Drinking water| 22 89 8,2 63 63,0 | 100,0 | 5,22 8,3 1,39 2,2
3 Surface water 22 89 12,7 113 110,6 979 7,26 6,6 2,00 1,8
4 Surface water 24 98 39 75 76,7 102,2 | 5,41 7,1 1,65 2,1
5 Waste water 22 89 12,7 150 143,0 | 95,3 9,54 6,7 2,54 1,8
6 Waste water 23 93 7,9 63 64,0 | 101,6 7,28 11,4 1,98 3,1
[ is the number of laboratories after outlier rejection.

n isthe number of individual test results after outlier rejection.
o isthe pefcentage of outliers.
X isthe asgigned value.
x isthe overall mean of results (without outliers).
n istheregovery rate.
sr isthe r¢producibility standard deviation.
Cyr istheloefficient of variation of reproducibility.
sy is the repeatability standard deviation.
Cyr isthe goefficient of variation of repeatability.
a  Origin pof the samples:
1 an 2, spiiked, City of Berlin;
3 and 4, gpiked, Landwehrkanal, City of Berlin;
5 and 6, gpiked, Waste Water Plant, Berlin-Ruhleben.

C.4 Scgpe of ISO 14403-2

ISO 14403-2 specifies methods for_the*determination of cyanide in various types of water (such|as
ground, dfrinking, surface, leachate;and waste water) with cyanide concentrations usually from 2 pug/1
to 500 pgfl expressed as cyanide iehs in the undiluted sample. The range of application can be changed
by varying the operation conpditions, e.g. by diluting the original sample or changing the pathlength of
the flow cgll.

In this method, a suitable'mass concentration range from10 pg/1to 100 pug/lis described.

C.5 Pexfformance data ISO 14403-2:2012

An interlaboratory trial for flow analysis systems as described in Clause 7 was carried out|in
spring 2009. The results are shown in ISO 14403-2:2012, Tables D.1 and D.2.
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Table C.2 — Statistical data for the determination of free cyanide by CFA (in accordance with

1SO 5725-2)
Sample Matrixa ! " ? X X 7 SR Cvr S Cur
% ng/l | ng/l % g/l % Hg/l %
1 Drinking water| 21 92 1,1 30 279 92,9 2,21 7,9 0,45 1,6
2 Drinking water| 21 93 0,0 25 25,3 | 1011 | 2,12 8,4 0,53 2,1
3 Surface water 21 93 0,0 45 43,6 96,8 2,73 6,3 0,55 1,3
4 Surface water 20 89 4,3 30 30,8 | 102,6 | 2,32 7,5 0,45 1,5
5 Waste water 18 82 11,8 60 55,0 91,6 3,43 6,2 0,82 1,5
6 Waste water 20 90 3,2 25 24,0 96,1 2,80 11,7 0,61 2,5
I 1s the number of laboratories after outlier rejection.
n |is the number of individual test results after outlier rejection.
o |[is the percentage of outliers.
X [is the assigned value.
x [is the overall mean of results (without outliers).
n [is the recovery rate.
sg| is the reproducibility standard deviation.
Cylg is the coefficient of variation of reproducibility.
sr |is the repeatability standard deviation.
CyJ- is the coefficient of variation of repeatability.
a | Origin of the samples:
ample 1, spiked, Metallurgical Tailings Solution, Nevada;
ample 2, spiked, Cherry Creek, Centennial, Colorade;
ample 3, spiked, Denver Aquifer, Parker, Colorado;
ample 4, spiked, Heap Leach Drain Down Solution, Nevada;
ample 5, unspiked, Laboratory Treated Metallurgical Tailings Filtrate.
C.6 Performance data’1SO 14403-1:2012
Fof the method scope, see C.3.
Table C.3 — Statistical data for the determination of total cyanide by FIA (in accordance with
ISO 5725-2)
Sample Matrixa : " y X X 7 SR Cwe o Crr
% ug/l | pg/l % pg/l % png/ %
1 Drinkingwater| 25 103 3,7 75 74,3 (99,1 5,66 7,6 1,94 2,6
2 Drinkingwater| 26 107 0,0 126 117,8 93,5 9,90 8,4 2,97 2,5
3 Drinkingwater| 25 103 3,7 69 61,5 (89,1 5,52 9,0 1,60 2,6
4 Surface water 26 106 3,6 113 113,0 |100,0 8,41 7,4 2,63 2,3
5 Surface water 26 106 3,6 138 131,1 {95,0 9,02 6,9 3,09 2,4
6 Surface water 26 107 3,6 132 118,6 |89,8 10,24 8,6 2,53 2,1
For explanation of symbols, see Table C.1.
a  QOrigin of the samples:
Sample 1, 2, 3, spiked, City of Berlin;
Sample 4, 5, 6, spiked, Landwehrkanal, City of Berlin.
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Table C.3 (continued)

] 1 n 0 X b% n SR Cvr Sr Cvir
Sample Matrixa
% ng/l | ng/l % Hg/l % Hg/l %
7 Waste water 25 103 7,2 150 145,7 97,1 12,18 8,4 4,17 2,9
8 Waste water 27 111 0,0 157 139,5 |88,9 14,96 10,7 4,11 2,9
9 Waste water 27 110 0,0 113 96,7 [85,6 9,56 9,9 2,97 31

For explanation of symbols, see Table C.1.

a  Origin of the samples:

Sample 1} 2, 3, spiked, City of Berlin;

Sample 4] 5, 6, spiked, Landwehrkanal, City of Berlin.
NOTE Investigations have shown that the addition of potassium hexacyanoferrate(Ill) toche’ particylar
waste watpr matrix used in the interlaboratory trial on total cyanide was not fully recovered) The recovery
actually adhieved depends on the time delay between preparation of the spiked solution and the moment of
analysis. The samples for the total cyanide test were spiked with hexacyanoferrate(IlI). [is.assumed that a pprt

of this reagent was reduced by components of the matrix and that therefore a negative bias'could have arisen.

This findi
in the int
shown by

erlaboratory trial by several participants. Nevertheless this effect is highly reproducible
the absence of outliers.

hg explains the lower recovery of total cyanide in waste water samples 8 and 9 as obseryed

as

These obgervations are expected to be of minor importance for{practical purposes, because usudlly

waste water does not contain hexacyanoferrate(Ill) in measurable concentrations. It can also

assumed
finished w

C.7 Pexformance data ISO 14403-2:2012

For the m

Table

be

that the possible reduction of hexacyanoferrate(Ill1)}by components of the waste water has

rhen the sample is taken.

ethod scope, see C.4.

C.4 — Statistical data for the détermination of total cyanide by CFA (in accordance
with ISO 5725-2)

. 1 n o X X n SR Cvr Sr Cy

Sample Matrixa ' '
% pg/l | pg/l % g/l % g/l %

1 Drinking water| 21 93 9,7 30 28,8 96,1 1,64 57 0,57 2,0
2 Drinking wateg|™~20 91 13,3 50 47,5 94,9 2,32 4,9 0,78 1,6
3 Drinking watér| 20 91 99 28 25,8 92,3 2,00 7,7 0,50 19
4 Surfacewater 18 86 14,9 45 45,2 | 1004 | 1,72 3,8 0,62 1,4
5 Surface'water 21 96 7,7 55 52,9 96,2 2,65 5,0 1,05 2,0
6 Sturface water 19 88 16,2 53 489 92,3 3,75 7,7 0,69 1,4

a  Origin

For explanation of symbols, see Table C.T.

of the samples:

Sample 1, 2, 3, spiked, City of Berlin;
Sample 4, 5, 6, spiked, Landwehrkanal, City of Berlin.
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Table C.4 (continued)
I n 0 X X s C s C
Sample Matrixa 7 . - " r
% ng/l | ug/l % g/l % Hg/l %

7 Waste water 18 84 20,0 60 57,7 96,1 3,00 52 0,68 1,2

8 Waste water 19 88 16,2 63 55,9 88,7 4,09 7,3 0,67 1,2

9 Waste water 20 93 | 11,4 | 45 | 399 | 887 | 414 | 104 | 075 | 19
For explanation of symbols, see Table C.1.

a  Origin of the samples:

ample 1, 2, 3, spiked, City of Berlin;
ample 4, 5, 6, spiked, Landwehrkanal, City of Berlin.

NOTE Investigations have shown that the addition of potassium hexacyanoferrate(lll) to the|particular
walste water matrix used in the interlaboratory trial on total cyanide was not fullyr€covered. The recovery
actjually achieved depends on the time delay between preparation of the spiked solution and the moment of
anglysis. The samples for the total cyanide test were spiked with hexacyanoferraté[lll). It is assumed|that a part
of this reagent was reduced by components of the matrix and that therefore a negative bias could havg arisen.
Thiis finding explains the lower recovery of total cyanide in waste watersamples 8 and 9 as olpserved in
th¢ interlaboratory trial by several participants.
These observations are expected to be of minor importance-for practical purposes, becauge usually
wdste water does not contain hexacyanoferrate(Ill) in fuedsurable concentrations. It capn be also
assumed that the possible reduction of hexacyanoferrate(lll) by components of the waste water has
finfished when the sample is taken.
C.8 Scope of ISO 17690
ISQ 17690 specifies methods for the determination of free cyanide at pH 6 in various types of water
(sych as ground, drinking, surface, leachate, waste water, and metallurgical processing wate water)
with cyanide concentrations from 5 pug/tto 500 pg/l expressed as cyanide ions in the undilut¢d sample.
Thie range of application may be clianged by varying the operation conditions, e.g. by using a different
injection volume.
In[ISO 17690, two suitable‘mass concentration ranges from 5 pg/1 to 50 pg/1 and from 30 pg/l to
50p pg/1are described.

Fo
m4
de
cy
aq
Ex
me

"~ a given aquaticenvironment and given cyanide speciation, the extent of HCN(aq) for
inly dependent.oh the pH and to a lesser degree on temperature. The flow injection|
scribed in thisMmethod can effectively account for both of these parameters. The aqua
inide determined with this procedure should be similar to the actual levels of HCN(aq) in tH
atic enwivonment. This in turn may give a reliable index of toxicity to aquatic organisms.

LenSive species and concentration dependent cyanide recovery studies were carried out
thod for determination of aquatic free cyanide in water and wastewater samples.

mation is
manifold
itic “free”
e original

using this

Previous research has shown that no method can measure the true free cyanide levels. In that
respect, the method developed in this study is no different. However, this novel method has significant
advantages over the classical procedures:

better sensitivity and lower limit of detection;
better selectivity (interferences: EPA OIA-1677 and D6888);

analysis time is 70 seconds (compared to 4 h to 8 h for ASTM diffusion method and 2 h
CATC method);

to 3 h for

method mimics the condition of aquatic environment (pH and temperature) in relations to the

actual formation of free cyanide;
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— since no distillation is required, the method is easy to use in the field as well as to automate.

Cyanide recoveries from Zn, Cd, Hg, Cu and Ag cyano species are independent of the reaction time as
long as at least 30 cm x 0,5 mm i.d. mixing coil was utilized.

Except for dicyanoargentate(l) species, the change in temperature had no effect on the cyanide
recoveries.

pH of the reagent (buffer) solution utilized has the most profound effect on the cyanide recoveries from
cyano complexes of intermediary stability (Cu, Ag, Ni cyano species); the lower the pH of the buffer, the
higher the cyanide recovery.

Comprehgnsive sample stability tests have been carried out down to 50 pg/l1 free cyanide.

C.9 Performance data of ISO 17690:2015

Table C.5 — Statistical data for the determination of free cyanide by FIA (in accordance
with ISO 5725-2)

. 1 n 0] X X n Sk CvRr Sr Cy

Sample Matrixa ’ ’

% ng/l | ng/l % fig/1 % g/l %
1 Drinking water 11 22 8,33 822 815 99,1 60,9 7,47 8,30 1,02
2 Surface water 11 22 8,33 409 398 97,3 32,5 8,16 6,16 1,5%
3 Portable water 11 22 8,33 195 202 104 16,0 792 1,76 0,8
4 Leach solution 11 22 8,33 167 179 93,3 12,8 7,15 2,28 1,27
5 Effluent 11 22 8,33 9,4 8,00 85,0 2,95 36,9 0,51 6,38

[ isthe nuber of laboratories after outlier rejection.

n isthe number of individual test results after outlier rejection.

o isthe pefcentage of outliers.

X isthe aspigned value.

x isthe overall mean of results (without outliers).

n isthe regovery rate.

sg is the rgproducibility standard deviation.

Cyr istheloefficient of variation of réproducibility.

sy isthe rejpeatability standard.deviation.

Cyr is the goefficient of variation of repeatability.

a  Origin pf the samples;
Sample 1} spiked, Metallurgical Tailings Solution, Nevada;
Sample 2} spiked;Cherry Creek, Centennial, Colorado;

Sample 3] spiked, Denver Aquifer, Parker, Colorado;

Sample 4, spiked, Heap Leach Drain Down Solution, Nevada;

Sample 5, unspiked, Laboratory Treated Metallurgical Tailings Filtrate.

C.10 Scope of ISO 11262

ISO 11262 is applicable to as-received (field-moist) samples and specifies two different procedures for
the liberation of cyanide from the soil:

— directliberation of hydrogen cyanide using orthophosphoric acid (normative);
— extraction with sodium hydroxide solution and subsequent liberation using orthophosphoric acid

(informative).
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The liberated cyanide is determined either by a photometric method or a titrimetric method using an
indicator. The method is applicable to all types of soil.

Under the conditions specified in ISO 11262, the lower limit of application is 0,5 mg/kg of total cyanide
(expressed on the as-received basis) for photometric determination and 10 mg/kg for titrimetric
determination.

NOTE Using the alkaline extraction followed by liberation using phosphoric acid, the lower limit of
application is 1 mg/kg of total cyanide (expressed on the as-received basis) for photometric determination and
30 mg/kg for titrimetric determination.

C.11 Performance data ISO 11262: 2011

An| interlaboratory trial was conducted to test the procedures specified in ISO 11262. In|this trial,
the¢ amount of total cyanide was determined by a number of laboratories on a nomber of|soils. The
repeatability (r) and reproducibility (R) of the results of these analyses are @iven in Tabl¢ C.5. The
values have been calculated according to [SO 5725-2.

Table C.6 — Validation data of the 15th BAM interlaboratory comparison “Contaminated soil”,
Sdptember 2009 — Samples 1 to 3: contaminated soil from fornier gasworks sites in the area of
Berlin (Germany)

Jample Ny Na N Xmean Sr Wy SR Vr r R
mg/kg | mg/kg % mg/kg % mg/kp | mg/kg
Soil 1 26 25 50 107,0 50 4,7 19,5 18,3 13,8| | 54,1
Soil 2 19 18 36 76,2 24 3,2 11,8 15,5 6,7 32,7
Soil 3 21 20 40 48,2 1,3 2,6 6,6 13,6 3,5 18,2

Ny is the number of laboratories.

Nyl is the number of accepted laboratories.
N |is the number of accepted single values.
Xilean isthe mean value.

sr |is the repeatability standard deviation.

M

Vr| is the relative repeatability standard deviation.
sg| is the reproducibility standard deviation.
Vp| is the relative reproducibility standard deviation.

s the repeatability limit.

R |is the reprodugibility limit.

NOTE The reproducibility limit (R) is the value less than or equal to which the absolute differen¢e between
twp resulfs; obtained under reproducibility conditions, may be expected to be with a probability of 95 %, i.e. for
soif 1,407,0 mg/kg + 54,1 mg/kg.

C.12 Scope of ISO 17380

ISO 17380 specifies a method for the photometric determination of the total cyanide and easily-
liberatable cyanide content in soil using automated distillation-continuous flow analysis. ISO 17380
applies to all types of soil with cyanide contents above 1 mg/kg on the basis of dry matter, expressed as
cyanide ion.

NOTE Sulfide concentrations in the sample higher than 40 mg/kg dry matter cause interference. This effect
can be recognized by the split peaks and as a slow decrease of the detector signal and can only be prevented by
diluting the sample extract.
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C.13 Performance data for ISO 17380:2013

In an interlaboratory trial, the following validation data were obtained using the method described in
[SO 17380. Data are calculated according to ISO 5725-2.

Table C.7 — Validation data — Easily released cyanide

Easily released cyanide
Sample N N )_( Sr Sk Cyr Cvr r R
Measure- | mg/kg mg/kg mg/kg % % mg/kg mg/kg
ments

12

Soil I ©) 24 1,70 0,150 0,609 8,8 35,8 0,42 1,65
12

Soil II ©) 24 5,18 0,409 1,40 79 271 1,15 3,93
12

Soil I1I ©) 24 16,3 1,19 391 7,3 240 3,36 11,0
11

Standard ) 22 24,1 0,530 1,13 2,2 4,7 1,45 3,18

Table C.8 — Validation data — Total cyanide

Total cyanide
Sample N N X Sy Sg Cyr Cyr r R
Measure- | mg/kg mg/kg mg/kg % % mg/kg mg/kg
ments

14

Soil I © 28 7,73 0356 1,03 4,6 13,3 0,99 2,89
14

Soil I1 ©) 28 31,8 0,795 3,34 2,5 10,5 2,21 9,35
13

Soil 111 m 26 193 5,98 20,8 31 10,8 16,8 58,2
12

Standard @) 24 63,8 1,21 6,12 19 9,6 3,18 1,72

N is the nymber of laboratories left over after rejection of statistical outliers according to ISO 5725-2.

() isthe ngmber.ofrejected results.

X is the néan value, in milligrams per kilogram (mg/kg).

Sy is the repeatability standard deviation, in milligrams per kilogram (mg/kg).
Cyr istherelative repeatability standard deviation, in per cent (%).

Sr is the reproducibility standard deviation, in milligrams per kilogram (mg/kg).
Cyr isthe relative reproducibility standard deviation, in per cent (%).

r isthe repeatability, in milligrams per kilogram (mg/kg).

R isthe reproducibility, in milligrams per kilogram (mg/kg).

NOTE The reproducibility limit (R) is the value less than or equal to which the absolute difference between
two results, obtained under reproducibility conditions, may be expected to be with a probability of 95 %, i.e.
for soil 111, 16,3 mg/kg + 11,0 mg/kg for easily liberatable (free) cyanide and 193 mg/kg + 58,2 mg/kg for total
cyanide.
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Annex D
(informative)

Summary of ASTM international cyanide methods

D.I—ASTMD2036-09

D.1.1 General

Test Method D is applicable for natural water and clean metal finishing or heat greatment effluents. It
m4dy be used for process control in wastewater treatment facilities providing its'applicability has been
validated by Test Method B or C.

Thee spot test outlined in ASTM D2036 09, A.1 can be used to detect cyapide'and thiocyanate ip water or
wdstewater, and to indicate its approximate concentration.

D.1.2 Scope

Thiese test methods cover the determination of cyanides in“water. The following test mefthods are
indluded:

Seftions
Test Method A - Total Cyanides after Distillation 12{to 18
Tegt Method B - Cyanides Amenable to Chlerination by Difference 19(to 25
Test Method C - Weak Acid DissociableCyanides 26|to 32

Test Method D - Cyanides Amenable to Chlorination without Distillation (Short-Cut Method) 33|to 39
Cyhnogen halides may be determined separately.
NOQTE1 Cyanogen chlaride is the most common of the cyanogen halide complexes as it is a reactipn product
angl is usually present when chlorinating cyanide-containing industrial waste water. For the presence|or absence

of €NCI, the spot testmethod given in ASTM D2036 09, A.1 can be used.

Thiese test methiods do not distinguish between cyanide ions and metallocyanide compdunds and
complexes.cFurthermore, they do not detect the cyanates. Cyanates can be determined |using ion
chfomategraphy without digestion.

NOQTE 2" The cyanate complexes are decomposed when the sample is acidified in the distillation prqcedure.

The cyanide in cyanocomplexes of gold, platinum, cobalt and some other transition metals is not
completely recovered by these test methods. Refer to Test Method D6994 for the determination of
cyanometal complexes.

Cyanide from only a few organic cyanides are recovered and those only to a minor extent.

Part or all of these test methods have been used successfully with reagent (laboratory) water and
various waste waters. It is the user’s responsibility to ensure the validity of the test method for the
water matrix being tested.

This document does not purport to address all of the safety concerns, if any, associated with its use. It is
the responsibility of the user of this document to establish appropriate safety and health practices and
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determine the applicability of regulatory limitations prior to use. Specific hazard statements are given

in ASTM D2036 09, 5.1, 8.8, 8.18,9, 11.3, and 16.1.9.

Test method A — Total cyanides after distillation

This test method covers the determination of cyanides in water, including the iron cyanide complexes

(total cyanide).

The cyanide in some cyano complexes of transition metals, for example, cobalt, gold, platinum, etc. is

not determined.

The cyanfide concentration can be determined with titration, IC-PAD, colorimetric, selective
electrode| procedure, or flow injection analysis with gas diffusion separation and amperomet
detectionfas described in Test Method D6888.

This test fnethod has been used successfully on reagent (laboratory), and surface water,as'well as cd
plant, refipery, and sanitary waste waters. It is the user’s responsibility to ensure the validity of the t
method fdr the water matrix being tested.

Because ¢f the sample preservation, certain suspended and/or colloidal forms of metal cyan
complexes such as those from iron and copper will dissolve prior to the distillation step. The recovg
of this cypnide may depend on solution parameters such as the cyanide cericentration in suspend
solids, ionfic strength of the sample, sample temperature, acid digestion times, and so forth.

Test method B — Cyanides amenable to chlorination by difference
This test nethod covers the determination of cyanides amenable'to chlorination in water.
Iron cyan}des are the most commonly encountered compouids not amenable to chlorination.

This test lnethod has been used on reagent (laboratory), surface, and industrial waste waters. It is {
user’s responsibility to ensure the validity of the test method for the water matrix being tested.

Test method C — Weak acid Dissociable cyanides

This test fnethod covers the determination of cyanide compounds and weak acid dissociable comple;
in water.

The thiocyanate content of a samplé usually does not cause interference.

Any of the three procedures, tifration, colorimetric, or selective ion electrode, can be used to determ
the cyanide content of the absorption solution. The lower limits of detectability are the same as for T
Method A

This test method has-been used successfully on reagent (laboratory) and surface water and coke pla
refinery gnd sanitapy waste waters. It is the user’s responsibility to ensure the validity of the t
method fdr the Water matrix being tested.
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Test meqlod D — Cyanides amenable to chlorination without distillation (Short-cut method)

This test method covers the determination of free cyanide and cyanide complexes that are amenable to
chlorination in water. The procedure does not measure cyanates nor iron cyanide complexes. It does,

however, determine cyanogen chloride and thiocyanate.

Modification is outlined for its use in the presence of thiocyanate.
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