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NOTICE 
This final draft document provides the information supporting the derivation of environmental soil 
quality guidelines for free cyanide. Development of these soil quality guidelines was initiated through 
the National Contaminated Sites Remediation Program (NCSRP) which ofiicially ended in March 
1995. Given the need for national soil quality guidelines for contaminated sites management and 
many other applications, development was pursued under the direction of the CCME Soil Quality 
Guidelines Task Group after the end of the NCRSP. 

This document is a working document that was released shortly afier the publication Of "A Protocol 
for the Derivation of Environmental and Human Health Soil Quality Guidelines" (CCME 1996). The 
CCME recognizes that some refinements or changes to the Protocol may become necessary upon 
application and testing. Ifrequired, amendments to the Protocol will be made and the guidelines will 
be modified accordingly. For this reason guidelines are referred to in this document as CCME 
Recommended Guidelines. Readers who wish to comment or provide suggestions on the Protocol 
or on the guidelines presented in this document should send them to the following address: 

Guidelines Division 
Science Policy and Environmental Quality Branch 
Ecosystem Science Directorate 
Environment Canada 
Ottawa, Ontario 
K1A 0H3 

Or by E-Mail: Connie.Gaudet@EC.GC.CA 
Sylvain.Ouellet@EC.GC.CA 

The values in this document are for general guidance only. They do not establish or afi‘ect legal rights 
or obligations. They do not establish a binding norm, or prohibit alternatives not included in the 
document. They are not finally determinative of the issues addressed. Decisions in any particular 
case will be made by applying the law and regulations on the basis of specific facts when regulations 
are promulgated or permits are issued. 

This document should be cited as: 
Environment Canada. 1996. Canadian Soil Quality Guidelines for Free Cyanide: Environmental, 
Supporting Document — Final Draft, December 1996. Guidelines Division, Science Policy and 
Environmental Quality Branch, Environment Canada. Ottawa. 

This document is a supporting technical document. It is available in English only. A French Abstract 
is given on page vii. 

Ce document technique de soutien n’est disponible qu’en anglais avec un résumé en francais présenté 
a la page

‘
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ABSTRACT 
Canadian environmental quality guidelines, developed under the auspices of the Canadian Council of 
Ministers of the Environment (CCME), are numerical concentrations or narrative statements 
recommended to support and maintain designated resource uses. CCME Canadian soil quality 
guidelines can be used as the basis for consistent assessment and remediation of contaminants at sites 
in Canada. 

This report was prepared by the Guidelines Division of the Science Policy and Environmental Quality 
Branch (Environment Canada), which acts as Technical Secretariat for the CCME Soil Quality 
Guidelines Task Group. The Guidelines were derived according to the procedures described inA 
Protocol for the Derivation of Environmental and Human Health Soil Quality Guidelines (CCME 
1996). 

Following the introduction, chapter 2 presents chemical and physical properties of cyanide and a 

review of the sources and emissions in Canada. Chapter 3 discusses cyanide’s distribution and 
behavior in the environment while chapter 4 reports the toxicological efi‘ects of cyanide on microbial 
processes, plants, and animals. These inforrnations are used in chapter 5 to derive soil quality 
guidelines for free cyanide to protect environmental receptors in four types of land uses: agricultural, 
residential/parkland, commercial, and industrial. 

The following soil quality guidelines are recommended by the CCME based on the available scientific 
data. For free cyanide, the environmental soil quality guideline (SQGE) relative to agricultural and 
residential/parkland land uses is 0.9 mg CN-kg'l soil, and for commercial and industrial land uses it 
is 8 mg CN-kg'l soil. These environmental soil quality guidelines are optimized for soils within the 
pH range of 4 to 7.5 as the toxicological studies on which they are based were conducted within this 
pH range.
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RESUME 
Les recommandations canadiennes pour la qualité de l’environnement, élaborées sous les auspices du 
Conseil Canadien des Ministres de l’Environnement (CCME), sont des concentrations ou des énoncés 
décrivant les limites recommandées dans le but d’assurer le maintien et le développement durable 
d’utilisations désignées des ressources. Les recommandations canadiennes pour la qualité des sols 
proposées par le CCME peuvent étre utilisées comme base pour l’uniformisation des processus 
d’évaluation et d’assainissement des terrains contaminés au Canada. 

Le présent document a été préparé par la Division des Recommandations de la Direction de la Qualité 
de l’Environnement et de la Politique Scientifique (Environnement Canada), qui agit comme 
secrétaire technique pour le Groupe de Travail du CCME sur les Recommandation pour la Qualité 
des Sols. Les Recommandations ont été élaborées selon les procedures décn'tes dans le Protocole 
d ’élaboration de recommandations pour la qualité des sols en fonction de l’environnement et de la 
santé humaine (CCME 1996). 

Faisant suite a une breve introduction, le chapitre 2 présente les propriétés physiques et chimiques 
du cyanure de méme qu’un survol des sources et des emissions au Canada. Le chapitre 3 discute du 
devenir et du comportement de cette substance dans l’environnement alors que le chapitre 4 rapporte 
ses efi'ets toxicologique sur les processus microbiens, les plantes et les animaux. Ces informations 
sont utilisées au chapitre 5 afin d’élaborer des recommandations pour la qualité des sols relatives au 
cyanure libre en vue de la protection de l’environnement dans le cadre de quatre types d’utilisations 
de terrains: agricole, résidentiel/parc, commercial et industriel. 

Les recommandation pour la qualité des sols suivantes, proposées par le CCME, sont fondées sur les 
données scientifiques disponibles. La recommandation pour la qualité des sols en vue de la protection 
de l’environnement (RQSE) relative au cyanure libre est de 0.9 mg CN°kg”1 de sol pour les terrains 
a vocation agricole et résidentielle/parc et elle est de 8 mg CN-kg‘l de sol pour les terrains a vocation 
commerciale et industrielle. Ces recommandations pour la qualité des sols en we de la protection 
de l’environnement sont a leur optimum dans des sols avec pH entre 4 et 7.5 puisque les études 
toxicologiques utilisées pour leur elaboration ont été effectuées dans ces mémes conditions de pH.
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1. INTRODUCTION 
The Canadian Council of Ministers of the Environment's (CCME) Canadian Environmental Quality 
Guidelines are numerical limits for contaminants intended to maintain, improve, or protect 
environmental quality and human health. CCME Canadian Soil Quality Guidelines can be used as the 
basis for consistent assessment and remediation of contaminants at sites in Canada along with CCME 
guidelines issued for the protection of water quality, sediment quality and tissue quality. In response 
to the urgent need to begin remediation of high priority "orphan" contaminated sites, an interim set 
of criteria was adopted from values currently in use in various jurisdictions across Canada (CCME 
1991). Many of the CCME interim soil remediation criteria do not have a complete supporting 
scientific rationale and are being updated based on current scientific information. 

This report reviews the sources and emissions of cyanide, its distribution and behaviour in the 
environment, and its toxicological efi‘ects on terrestrial mammals, plants and soil organisms. This 
information is used to derive guidelines for fiee cyanide to protect ecological receptors according to 
the processes outlined in A Protocol for the Derivation of Environmental and Human Health Soil 
Quality Guidelines (CCME 1996) for agricultural, residential/parkland, commercial and industrial 
land uses. 

The values derived herein are environmental soil quality guidelines, and are intended as general 
guidance. Site specific conditions should be considered in the application of these values. The values 
may be applied differently in various jurisdictions, therefore, the reader should consult the appropriate 
jurisdiction before application of the values. 

2. BACKGROUND INFORMATION 
2.1 Physical/Chemical Properties - 

Cyanides comprise a distinct group of compounds characterized by the presence of the group CEN. 
A knowledge of the various species of cyanide is essential to understanding their behaviour and 
toxicology (Leduc 1984). Cyanide compounds may take many forms, including fiee cyanide, simple 
cyanides, complex cyanides and organic cyanides (nitriles). These subgroups are described hereafier. 
Table 1 lists the physical and chemical properties of a few cyanide species.
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Free cyanide 

Free cyanide refers to the sum of molecular HCN and cyanide anion, CN'. Chemical names for HCN 
include hydrogen cyanide, hydrocyanic acid, cyanohydric acid and prussic acid. Hydrogen cyanide 
is a colourless, flammable liquid or gas. Gaseous hydrogen cyanide, which rarely occurs in nature, 
is lighter than air and difiiises rapidly. Hydrogen cyanide is a weak acid and remains largely in 
molecular form in aqueous solutions with pH lower than 9.2. Above this pH, the molecule dissociates 
into If and CN. Hydrogen cyanide is completely miscible with water (Towill et al. 1978, Eisler
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1991). Impure liquid hydrogen cyanide may polymerize spontaneously and violently, so small 
quantities of sulphuric or phosphoric acid are generally added as stabilisers (Towill et al. 1978). 

Simple cyanides 

Simple cyanides are ionic compounds that dissociate directly in water without intermediates to yield 
a cyanide ion and a cation (Higgs 1992). Simple cyanides include: NaCN, KCN, Zn(CN)7, Cd(CN)2, 
N1(CN)b and AgCN. Alkali cyanide salts completely dissociate in water yielding free cyanide. Other 
cyanide salts have varying degrees of solubility and may ionize in water and release the cyanide anion, 
which in turn, may form HCN, depending on pH,. The toxicity of simple cyanides will not vary 
greatly below pH 8.3 (Leduc 1984, Eisler 1991). 

Complex cyanides 

Complex cyanides are compounds that dissociate in water to release a cation and a complex anion 
containing the cyanide ion; the anion may then dissociate fin'ther to release free cyanide (Higgs 1992). 
The stability of complex cyanides varies such that some release fiee cyanide in weak acids, while 
others require much stronger acids to dissociate. The least-stable complex cyanides include Zn(CN)42' 
, Cd(CN)3', and Cd(CN)42'; moderately stable complexes include Cu(CN)2', Cu(CN)32', Ni(CN)4 

' and 
Ag(CN)2‘; and the most stable complexes include Fe(CN)6" and Co(CN)6". In general, the toxicity 
of a complex cyanide is related to its ability to release cyanide ions in solution. Thus, relatively small 
fluctuations in pH may significantly afl‘ect the biocidal properties of complex cyanides (Leduc 1984, 
Eisler 1991). 

Organic cyanides 

Nitriles are defined as organic compounds (RCN) containing the cyanide group. Nitriles are 
considered to be comparatively harmless in the environment, low in chemical reactivity, and 
biodegradable (Eisler 1991). Cyanohydrins (R2C(OH)CN) and cyanogenic glycosides 
(R1R2C(OR3)CN) are distinctive classes of nitriles in that they may decompose to release free cyanide 
under certain conditions. Cyanogens, such as acrylonitrile (CHZCHCN) and acetonitrile (CH3CN), 
are nitrile-containing materials of varying complexity which can liberate free and toxicologically . 

available amounts of cyanide (Eisler 1991, Higgs 1992). 

Acrylonitrile, one of the most important industrial compounds of cyanide, is also known as 
cyanoethylene, 2-propenenitrile, vinyl cyanide, ACRN, AN and VCN. Acrylonitrile is a volatile, 
colourless, flammable liquid with a mild odour. It is very soluble in water and miscible with most 
organic solvents. The vapours of acrylonitrile are explosive and may release cyanide gas, especially 
if the air supply is limited (Towill et al. 1978, Nielsen et al. 1993). Pure acrylonitrile is subject to 
spontaneous self-polymerisation and may discolour after excessive exposure to light. Technical grade 
acrylonitrile is stabilised by hydroquinone monomethyl ether and water, and may contain acetone, 
acetonitrile, acetaldehyde, iron, peroxides and/or hydrocyanic acid as impurities (Nielsen et al. 1993)



Total cyaniaes 

The term "total cyanides" refers to all cyanide-containing compounds within a sample and is a 
measurement of free cyanide present in solution and/or released by acidification or digestion. 
Operationally, the measurement of total cyanide is defined by the method of analysis (Leduc et al. 
1982). Since a compound's ability to release free cyanide generally determines its biocidal properties, 
only fiee cyanide is considered to be a biologically meaningful expression of cyanide toxicity (Leduc 
1984, Eisler 1991).

' 

2.2 Analytical methods 

It is important to note that investigations of the toxicity and behaviour of cyanide in the environment 
have produced results that are not always comparable. Many studies do not report the species of 
cyanide measured. In addition, results of analyses are dependent upon sample collection techniques, 
handling, storage, analytical procedures, interference by other compounds in the sample and within- 
laboratory variability (Etheridge 1989, Maynard 1989, McLeod et al. 1989). 

The analytical method recommended for cyanide by the CCME is US. EPA Method 9012, Revision 
0. This method is entitled " Total and Amenable Cyanide (Colorimetric, Automated UV)" and is used 
in the determination of the concentration of inorganic cyanide in an aqueous waste or leachate. This 
method detects cyanides present as either simple soluble salts or complex radicals and is used to 
determine values for both total cyanide and cyanide amenable to chlorination. No precision or 
accuracy data are available for this method (CCME 1993). The detection limit in soils is 0.2 mg 
CN-kg‘l soil. 

2.3 Production, Uses and Global Sources of Cyanide 

Total annual imports of cyanide compounds, including cyanides, cyanide complexes and acrylonitrile, 
into Canada have generally increased since the early 1970's (Statistics Canada 1972, Montreal 
Engineering Company 1973, Statistics Canada 1992a, CPI 1991, 1992). There has been no 
production of sodium cyanide in Canada since at least 1976. The total domestic demand for sodium 
cyanide in 1990 was 15.9 kilotonnes, with 10.8 kilotonnes used for gold cyanidation, 4.4 kilotonnes 
for mineral flotation, and 0.6 kilotonnes for metal plating (CPI 1991). There has also been no 
domestic production of acrylonitrile since 1976; current Canadian demand for this product is supplied 
entirely by the United States (CPI 1992). The total domestic demand for acrylonitrile in 1990 was 
13.9 kilotonnes, with 10.0 kilotonnes used in the production of acrylonitrile-butadiene—styrene (ABS) 
polymer and 3.8 kilotonnes in the production of nitrile-butadiene rubbers (NBR). The demand for 
acrylonitrile dropped to 8.9 kilotonnes in 1992 (Statistics Canada 1992a). In 1992, Canada exported 
0.84 kilotonnes of cyanide oxides of sodium and metals, mainly to the United States (Statistics 
Canada 1992b).

'



Industrial Uses 

The widespread usefulness of hydrogen cyanide and its salts stems from their ability to form 
complexes with metals, while the tendency of nitriles to polymerize is the basis for their use in the 
manufacture of synthetic fibres (Towill et al. 1978, Nielsen et al. 1993).. Cyanide'compounds are 
primarily used in Canada for the following major industrial processes: cyanidation of precious metals 
and flotation of sulphide ores; manufacturing organic chemicals, rubbers, plastics, synthetic fibres, 
resins and insecticides; case hardening of steel; electroplating; and the synthesis of various inorganic 
compounds used primarily by the electroplating industry (Montreal Engineering Company 1973, CPI 
1992, 1991). On a smaller scale, cyanide compounds have also been used in the production of paints, 
paper, nylon, pharmaceuticals, photographic chemicals, mirrors, cement, perfume, vitamins, dyes, 
solvents, high pressure lubricants, soaps and detergents (Willhite and Smith 1981, Eisler 1991, 
Nielsen et al. 1993). 

Sodium cyanide is used in 80%. of the gold mines in Canada, and more than 80% of the gold is 
recovered from ores by the cyanidation process (Scott 1989, Eisler 1991). Calcium cyanide dust is 
used as a bee insecticide and sodium cyanide is used in Alberta as a predacide against coyotes. 
Complex iron-cyanides are fiequently added to road salt as an anti-caking agent (Ohno 1989, 1990). 
These complexes may include ferricyanide (F e(CN)63‘) and ferrocyanide (F e(CN)6") groups. For 
example, Prussian Blue, a common dye and road salt additive, contains a Fe3+ cation and the 
ferrocyanide anion (F e(CN)6")' (Meeussen et al. 1992a). Ferricyanide and ferrocyanide anions are 
resistant to acidification and are not metabolized. They are therefore considered to have relatively low 
toxicities. However, free cyanide is readily formed fi'om ferri- and ferrocyanides when they are 
exposed to ultraviolet radiation, as from sunlight (Towill et al. 1978, Meeussen et al. 1992b). 

Natural Sources 

All plants produce very small amounts of cyanide during the formation of ethylene fiom 
aminocyclopropane-l-carboxylic acid (Davis 1991). Natural cyanides are also widely distributed 
among common plants in the form of cyanogenic glycosides with at least 28 difierent cyanogenic 
glycosides known to be synthesized and stored in over 1000 species of plants (Leduc 1984). Under 
normal conditions, the tissues of a cyanogenic species contain no free cyanide. However, wilting, 
frosting, mastication and digestion of cyanogenic plants result in the enzymatic hydrolysis of the 
glycoside and the release of free cyanide (Buck et al. 1973, Poulton 1988, ATSDR 1991). The 
sorghums (including Johnson grass and Sudan grass), arrowgrass, corn, lima beans, flax, pits of stone 
fruits (including cherries, apricots and peaches), elderberry plants, vetch, linseed, sweet potatoes, 
bamboo shoots, southern mock oranges, millet, almonds, and cassava are cyanogenic plants of chief 
agficultural importance (Hulbert and Oehme 1968, Buck et al. 1973, Cade and Rubira 1982, Eisler 
1991). Several factors favour the cyanide potential of forage crops, including high nitrogen and low 
phosphorus levels in soils, and stressors such as drought, frosting or wilting. Young and rapidly 
growing plants tend to have higher cyanide glycoside levels than mature plants, and leaves generally 
contain more glycosides than stalks (Buck et al. 1973, Cade and Rubira 1982, Eisler 1991). Ingestion 
of cyanogenic plants probably has accounted for most instances of cyanide exposure and poisoning 
in humans and livestock (Eisler 1991).



Cyanide is a common metabolic product of many species of fungi, bacteria and algae. Large amounts 
of cyanide are produced by a wide range of fiJngi, especially basidiomycetes and ascomycetes. In 
bacteria, prolific cyanide production has been observed in Chromobacterium violaceum and many 
strains of Pseudomonas, including the soil bacterium Pseudomonas fluorescens (Knowles 1988, Alm and Burns 1989). Various compounds containing cyanides are also produced by arthropods, 
including 7 species of centipedes, 46 species of millipedes, 3 species of beetles, 4 specieslof moths, 
and 3 species of butterflies (Eisler 1991). 

Although acrylonitrile is not generally thought of as a naturally occurring product, it has been 
identified in volcanic gases near three volcanoes in Japan (Isidorov et al. 1990 cited in Nielsen et al. 
1993) 

Anthropogenic Sources 

Potential anthropogenic sources of cyanide release into the Canadian atmosphere include: automobile 
exhaust; emissions from iron and steel production, coal combustion, petroleum refineries, oil shale 
retorting processes, and municipal solid waste incinerators; combustion of acrylonitriles or other 
nitrogen-containing plastics; cigarette smoke; volatilization fiom cyanide waste in landfills and 
wastewater collected in lagoons and ponds; and direct release to the atmosphere fi'om agriCultural 
pest control activities (Fiksel et al. 1981, ATSDR 1991). Most emission sources of acrylonitrile 
release the compound directly into the atmosphere through the production of ABS resin and NBR 
rubber and fiom the incineration of end-products (Nielsen et al. 1993). 

The largest anthropogenic sources of cyanides in soil are probably landfill disposal of cyanide wastes 
and runoff from the use of cyanide-containing road salts (ATSDR 1991). Many herbicides (e.g. 
cyanazine) applied directly to the soil contain the cyanide group. However, the cyanide ion is not 
believed to be released fi'om these compounds during breakdown (Towill et al. 1978). Because the 
toxicity of cyanide to humans and animals is well-documented, treatment of cyanide-containing 
industrial wastes is standard practice. High concentrations of cyanide in the soil and groundwater are 
usually the result of improper waste disposal (Towill et al. 1978). Sources of acrylonitrile 
contamination of soils and groundwater are probably limited to accidental spills or leakages (Nielsen 
et al. 1993). ~ 

Anthropogenic cyanide-containing compounds may be released into Canadian waters through both 
point and non-point sources. Potential point sources to Canadian surface waters include discharges 
fiom precious metal and ore mining processes, petroleum refineries, steel mills, organic chemical 
production plants and metal finishing (metal cleaning, metal stripping and electroplating) industries 
(Towill et al. 1978, Fiksel et al. 1981, Leduc et al. 1982, ATSDR 1991). Non-point sources of 
release include agricultural runoff, road salt runoff, and atmospheric fallout and washout of cyanide- 
containing compounds (Fiksel et al. 1981, Ohno 1990, ATSDR 1991). Acrylonitrile may be released I 

to the aquatic environment during transportation, in industrial effluents, and from the disposal of end- 
products (Nielsen et a1. 1993). Acrylamide, a cyanide-containing compound used as a soil 

consolidating agent in water treatment processes, may contain up to 100 mg-kg'l acrylonitrile and has



been identified as a possible source of acrylonitrile contamination in water systems (Nielsen et al. 1993). 

2.4 Levels in the Canadian Environment 

Cyanide compounds are produced by many species of plants, microbes and invertebrates resulting in 
detectable natural levels of cyanide in air, water, sediments and soils of Canada. Measured levels of 
cyanide should be classified as either natural background cyanide or anthropogenic cyanide, 
depending on their source. 

Soil and Groundwater 

The release rates of cyanide to the terrestrial environment fiom landfill disposal of cyanide wastes and 
runoff fiom cyanide-containing road salts are not well known (ATSDR 1991). Experimental studies 
of landfill heat treatment wastes showed that 4 to 22% of the cyanide leached out as fi'ee or complex 
cyanides, while 4 to 11% remained in the wastes, probably as precipitated Prussian Blue, and 72 to 
82% was converted to ammonium and nitrogen compounds (Lagas et al. 1982). Leachate from 
cyanide-containing landfills may persist for extended periods in groundwater (Leduc et al. 1982, 
AT SDR 1 99 1). 

The release rate of cyanide to soil fiom natural biogenic processes is unknown (Towill et al. 1978, 
ATSDR 1991). Cyanogenic plants may release cyanide to soil either through normal metabolism or 
during destructive actions such as bruising and crushing. Sorghum roots have been demonstrated to 
release free cyanide at a rate of about 0.005 - 0.02 mg per plant per 24 hours (Towill et al. 1978). 
Cyanide may also be produced in soils by cyanogenic bacteria. Total cyanide production by several 
fluorescent Pseudomonas strains during laboratory incubation was in the range of 33.0 - 37.2 
nmol-mL" for a culture containing 107 bacten'a-mL‘l (Alstrom and Burns 1989). 

Very few data were available on natural background or anthropogenic concentrations of cyanide in 
Canadian soils. In Ontario, soil samples from old urban and rural parkland sites were analyzed to 
determine the Ontario typical range background concentrations (OTRgg) of organic and inorganic 
compounds. 98% of soil samples fiom rural parkland had free cyanide concentrations equal to or 
below 0.051 mg-kg", while 98% of old urban parkland sites had free cyanide concentrations at or 
below 0.02 mg-kg'l (OMEE 1993). 

No data were available on cyanide or acrylonitrile concentrations in Canadian groundwater although 
groundwater contamination by landfill leachate has been observed in other countries. Cyanide 
concentrations ranging from 0.005 to 14 mg-L’l were detected in groundwater beneath 14 industrial 
waste landfills in the United States (Venkataramani et al. 1984). Cyanide levels of up to 0.012 mg'L'l 
were reported in groundwater beneath a cyanide-containing heat treatment waste landfill in the 
Netherlands, while levels of 560 g-L‘1 were found beneath a similar British landfill (Lagas et al. 1982). 
Groundwater levels containing 6.7x10'5 to 4.4x10'4 mole-L'l total cyanide were measured at three 
former gasworks sites in the Netherlands; most of the cyanide was in the form of iron complexes 
(Meeussen et al. 1992b).



Surface wafer and sediments 

Measurements of the release rates of cyanide from anthropogenic sources into the Canadian aquatic 
environment are not readily available. Average cyanide concentrations in the final eflluents from the 
Fort Erie and Niagara Falls municipal sewage plants were 0.007 mg-L'1 and 0.016 mg-L‘1 respectively 
(Melcer 1986). Total cyanide loadings to the St. Mary's, St. Clair and Detroit rivers were 73.3, 5.0 
and 73 .2 to 120.2 kg-day'1 respectively (UGLCCS 1988). Other observed release rates of total 
cyanide into surface waters include: 30 to 60 mg-L‘1 in steel mill efiluents, 2 to 4 mg-L‘l in oil refinery 
effluents, and 3 mg-L'l in electroplating shop effluents (Leduc et al. 1982). Cyanidation tailings and 
heap leach solutions fiom gold mines may contain cyanide concentrations in the range of 25 to 2000 
mg-L‘1 but average concentrations in final effluents are usually below 1 mg-L'1 (McLeod et al. 1989, 
Scott 1989). Natural biogenic processes also represent sources of cyanide to surface waters but the 
rate of release is unknown. 

Information on natural background-levels of cyanide in the Canadian aquatic environment is limited. 
Difi‘erences in analytical techniques and data interpretation combined with the failure to distinguish 
between total and free cyanide have prevented the establishment of national cyanide baseline levels 
(Leduc et al. 1982). Apparently natural levels of up to 0.06 mg-L'l total cyanide were recorded in 
eleven rural rivers in Western Canada, with the highest levels corresponding to periods of river run- 
ofi‘ (Prairie Provinces Water Board 1978). Measurements of total cyanide in surface waters for 163 
sites in the prairie provinces and the Northwest Tenitories (N .W.T.) showed that cyanide levels in 
Alberta, Saskatchewan and Manitoba rarely exceeded 0.03 mg-L“. Most values (63%) in the N.W.T 
greatly exceeded this level, with a maximum measurement of 79 mg-L"; this difference was attributed 
to the proximity of the monitored sites to areas of active mining (Maynard et al. 1986). Small- and 
medium-sized rural watersheds tend to have peak natural cyanide concentrations in the fall and 
winter, while larger rivers show peaks during and/or after the spring runoff (Leduc et al. 1982, Leduc 
1984). 

Cyanide concentrations above 0.001 mg-L'l were detected in water from the Great Lakes (ATSDR 
1991). Water samples collected at varying distances from a tungsten mine efiluent discharge in the 
Flat River, N.W.T. were analyzed for cyanide. Upstream control samples showed cyanide 
concentrations of less than 0.005 mg'L'1 while downstream samples showed concentrations ranging 
from 0.01 to 0.25 mg-L‘l (Moore 1980). Freshwater analyses downstream from an operating gold 
mine near Yellowknife Bay in northern Canada showed cyanide levels ranging fi-om below detectable 
limits (which were not specified) to 5 mg-L'l. A survey of total cyanide concentration in gold mill 
effluents revealed levels of 0.3 to 26.5 mg-L'l (Scott and Ingles 1981 cited in Leduc et al. 1982). An 
efiluent leak from the tailings pond at the Carolyn mine in British Columbia resulted in cyanide 
concentrations of 8 mg-L'l immediately downstream from the mine (Leduc et al. 1982). Cyanide 
levels generally decrease to background levels within a few kilometres of mines (Melis et al. 1987). 
Cyanide does not appear to persist in surface waters and can therefore be a difficult substance to 
monitor. Periodic sampling methods may not detect discharges of cyanide into the environment 
(F iksel et al. 1981). Analyses of marine water fi'om various points in Yellowknife Bay showed no 
detectable levels of cyanide (Moore 1981). No data on acrylonitrile levels in Canadian waters were 
found.



Natural cyanide levels on suspended particles or in river sediments have not been reported (Leduc 
et al. 1982, Higgs 1992). Analysis of sediments in Yellowknife Bay, NWT showed no traces of 
cyanide despite the continuous discharge of cyanide~containing liquid waste from an operating gold 
mine (Moore 1981). Cyanides are considered unlikely to accumulate in sediments because of their 
high water solubility (Callahan et al. 1979, ATSDR 1991). Thiocyanate (SCN) was measured in 
sediments in the Western Baltic Sea at levels of 0.3 to 1.0 mg SCN-kg'l dry weight beneath a water 
column containing 0.003 to 0.004 mg SCN-L", indicating that thiocyanate may accumulate in 
sediments (W eufl‘en et al. 1987 cited in Higgs 1992). 

Air 

Data on anthropogenic emissions of cyanide to the Canadian atmosphere are very limited. 
Automobiles release cyanide at a rate of approximately 1.1 mg-L'l exhaust for a car equipped with 
a catalytic converter (Towill et al. 1978). Natural biogenic processes also represent sources of 
atmospheric cyanide but the rate of emission is unknown (Cicerone and Zellner 1983). Atmospheric 
emissions of acrylonitrile have been estimated to be between 1 and 7 kg acrylonitrile per tonne of 
ABS resin/NBR rubber produced; however, the rate of release of acrylonitrile from most sources is 
not well known (Nielsen et al. 1993). No other cyanide emission rates were available. 

Data on background atmospheric levels of cyanide in Canada are also very limited. Rinsland et al. 
(1982) reported an average tropospheric mixing ratio of hydrogen cyanide of about 160 ppt between 
2.1 and 12 km in altitude. Air quality conditions were monitored for various chemicals, including 
cyanide and acrylonitrile, at an Ontario Waste Management Corporation site in West Lincoln 
township for a period of one year (June 1986 - May 1987). Cyanide was not detected during the 
sampling periods of that year. Maximum incinerator stack concentrations of neither cyanide nor 
acrylonitrile were predicted to exceed 0.5% of the maximum allowable concentrations for each (ORF 
1987). Although other examples of monitoring data were not available, atmospheric concentrations 
of cyanide are expected to be higher than the tropospheric average in the vicinity of source areas 
(ATSDR 1991). 

Biota 

As already mentioned, natural cyanide compounds are produced by many species of plants, microbes 
and invertebrates. Concentrations of total cyanide in common cyanogenic plants range from 138 
mg-kg“ in the roots of sweet varieties of cassava to 8 000 mg-kg‘l in bamboo tips. Arthropods may 
contain cyanide levels of 18 to 668 mg-kg'1 (Eisler 1991). Cyanide concentrations of anthropogenic 
origin are not generally observed in biota since low doses of cyanide are rapidly degraded by most 
species and large doses result in death (Towill et al. 197 8). 

2.5 Existing Environmental Quality Criteria and Guidelines for Cyanide 

Soil quality criteria and guidelines for cyanide have been developed by several nations, including 
Canada, the Netherlands, the United Kingdom and Germany. Jurisdictions within Canada with
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existing guidelines for cyanide in soils include Alberta, British Columbia, Ontario and Quebec (Table 
2). Cyanide guidelines for soils are usually expressed as free or total cyanide. The guideline values 
for free cyanide vary fi'om 0.25 to 100 mg-lrg'1 dry soil and they vary from 2.5 to 500 mg-kg'1 dry soil 
for complex cyanides in Canada. Guidelines fi'om other countries for free cyanide vary fi’om 1 to 830 
mg'kg“ dry soil and they vary from 5 to 5000 mg-kg'1 dry soil for complex cyanides if risk based 
concentrations (US EPA 1994) are excluded. 

Guidelines and criteria for cyanide in groundwater have been developed by Canada, Massachusetts 
and the Netherlands (Table 3). Cyanide guidelines for groundwater may be expressed as criteria for 
fi'ee or total cyanide. - - 

3. ENVIRONMENTAL FATE AND BEHAVIOUR OF CY ANIDE 
The most common forms of cyanide in the environment are free cyanide, metallocyanide complexes 
and synthetic nitriles, although other simple and complex cyanides of varying stabilities may also be 
present (Towill et al. 1978, Eisler 1991). The environmental fate of each of these compounds varies. 
Few quantitative data are available on the behaviour of cyanide compounds in the environment. 
However, the major processes affecting the transport and distribution of cyanides in soil, sediment 
and water ecosystems appear to be volatilization, biodegradation and complexation with heavy 
metals, particularly iron (Raef et al. 1977a, Towill et al. 1978, Callahan et al. 1979, Fiksel et al. 

- 1981, Lagas et al. 1982, US EPA 1984, Chatwin 1989, Rouse and Pyrih 1990, ATSDR 1991). 

3.1 Behaviour in the Terrestrial Environment 

The major processes afl‘ecting the transport and distribution of cyanide in soils are volatilizatiOn and 
biodegradation. Cyanide ions may also form complexes with heavy metals, particularly iron, and 
precipitate out of solution (Lagas et al. 1982, Chatwin 1989). Hydrogen cyanide is not susceptible 
to photolysis in soils (Cicerone and Zellner 1983) but complex cyanides, such as ferrocyanides and 
ferricyanides, may rapidly photodissociate and release flee cyanide when exposed to sunlight 
(Callahan et al. 1979, Fiksel et al. 1981, Meeussen et al. 1992a). Cyanides may be adsorbed by 
several materials, including clays and biological solids (Cruz et al. 1974, Raef et al. 197 7 a,b, Chatwin 
and Trepanowski 1987, Chatwin 1989). However, existing data indicate that the rate of hydrogen 
cyanide and metal cyanide adsorption in soils is not significant when compared with rates of 
volatilization and biodegradation (Raef et al. 1977a, Callahan et al. 1979, ATSDR 1991). Small ' 

amounts of cyanide in soil may oxidized to cyanate (HCNO) (Chatwin 1989). The high volatility of 
cyanide and the action of soil microbes ensure that high levels of cyanide do not persist or accumulate 
in soil under natural conditions (Towill et al. 1978, Fuller 1984). 

Soils represent the major potential pathway for cyanide contamination of groundWater (Chatwin 
1989). High concentrations of cyanide in landfill waste or industrial efiluents present a hazard to both 
soil and groundwater since microbial degradation of the compound may be inhibited (Lagas et al. 
1982, ATSDR 1991). Cyanide in groundwater can be both persistent and mobile, and may impact
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drinking water in wells or emerge in surface water. However, few quantitative data are available on 
the fate of cyanide in groundwater (McLeod et al. 1989). 

Volatilization 

As with surface waters, cyanide must be present as hydrogen cyanide in order to volatilize fi'om soils 
(Higgs 1992). The rate of volatilization fiom soils is complex and depends on many factors, including: 
pH, cyanide solubility, hydrogen cyanide vapour pressure, fiee cyanide concentration, soil water 
content, soil sorptive properties, soil porosity, organic matter content, density and clay content, and 
atmospheric conditions such as barometric pressure, humidity, and temperature (Chatwin and 
Trepanowski 1987, Chatwin 1989). No quantitative data on the rate of cyanide volatilization fiom 
soils was available. Empirical studies on the partitioning of hydrogen cyanide between gas and 
solution phases in unsaturated soils showed that its migration through soil occurs mainly through gas 
diffusion. The authors concluded that hydrogen cyanide volatilization from unsaturated soils could 
account for up to 10% of total cyanide losses (Chatwin 1989). In acidic soils, volatilization becomes 
a significant removal process and may be the dominant mechanism for cyanide loss from soil surfaces 
(US EPA 1984, Rouse and Pyrih 1990). 

Biodegradation 

Biodegradation, particularly in aerobic conditions, is expected to be an important cyanide process in 
soils (Towill et al. 1978). Cyanides may be degraded in the soil environment by a wide variety of 
microbes, including the fungi Fusarium solani, Stemphylium'loti and a Pholiota sp., and bacteria 
species such as Corynebacterium, Arthrobacter, Bacillus, Ihiobacillus, Pseudomonas, Klebsiella 
and Escherichia (Towill et al. 1978, Knowles 1988, Silva-Avalos et al. 1990). A strain of Bacillus 
pumilus from clay samples planted with flax was found to degrade a 0.1 M cyanide solution to carbon 
dioxide and ammonia (Knowles 1976). 

The rates of cyanide degradation by aerobic and anaerobic microbes are unknown. The rapidity of 
the process varies widely between laboratories and results are difiicult to generalize to environmental 
conditions (Callahan et al. 1979). Biodegradation rates are limited by the availability of oxygen and 
the concentration of cyanide, and may also be restricted by nutrient limitations, especially phosphorus 
(Fuller 1984, Higgs 1992). Unacclimated microbes may be very sensitive to cyanide levels while 
acclimated populations can tolerate much higher concentrations (Towill et al. 1978). Unacclimated 
microbes in cyanide filters were adversely afi‘ected by concentrations >2 mg-L'1 while acclimated 
populations tolerated cyanide concentrations as high as 200 mg-L‘l (Raefet al. 1977a). Microbes in 
soils from areas supporting cyanogenic plants have been shown to be more efi‘ective in actively 
metabolizing cyanide than microbes fiom other soils (Strobel 1967). The biodegradation rate in soils 
under saturated anaerobic conditions is much lower than that under aerobic conditions, partly because 
anaerobic soil microbes are more sensitive to cyanide levels than aerobic microbes. The mobility of 

- cyanides in soil is thus expected to be greater in anaerobic than aerobic conditions (Fuller 1984). In 
soils where cyanide levels are high enough to be toxic to microbes (e.g. landfills, accidental spills), 
cyanide may leach into groundwater (US EPA 1984).
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Natural soil microflora have been demonstrated to convert cyanide to Carbonate and ammonia 
(Strobel 1967). Cyanide present at low concentrations will be decomposed to ammonia, carbon 
dioxide, and nitrogen or nitrate under aerobic conditions, and to the ammonium ion, nitrogen, 
thiocyanate and carbon dioxide under anaerobic conditions (Rouse and Pyrih .1990).

‘ 

Leaching and Attenuation 

The mobility of cyanide compounds in soil depends on the stability and dissociation characteristics 
of the compound, soil type, soil permeability, soil chemistry and the presence of aerobic and anaerobic 
microorganisms (Fuller 1984, Higgs 1992). Experimental studies on the mobility of cyanide in 
saturated anaerobic soils have shown that aqueous simple cyanides and aqueous ferricyanides tend 
to be very mobile. Cyanides dissolved in leachate were found to move through soils much more 
slowly than those in aqueous solution as they tended to precipitate out as the relatively immobile 
compound Prussian Blue (Alesii and Fuller 1976, Fuller 1977, 1984). However, it should be noted 
that although Prussian Blue tends to precipitate out in soils with pH>4, some of the compound 
remains in solution and may result in contamination of groundwater by iron cyanide (Meeussen et al. 
1992a). Copper, cobalt, zinc and nickel-cyanide complexes were found to be relatively mobile in soils 
compared to iron and manganese-cyanide complexes (Stanton et al. 1986 cited in Higgs 1992, 
Chatwin 1989). Studies on cyanide attenuation in three subsoils of the western United States 
indicated that feldspars and certain clay minerals removed, by adsorption, approximately 0.05 mg of 
cyanide per gram of carbon while carbonaceous materials in soils removed 0.5 mg of free cyanide per 
gram of carbon (Chatwin 1989). 

Soil conditions increasing the mobility of cyanide include low pH, high negative soil charges and low 
clay content. Neutral to alkaline pH, high clay content, high positive soil charges, and the presence 
of organic matter and iron- or other metal-oxides and appears to increase the attenuation of cyanide 
in soils (Alesii and Fuller 1976, Fuller 1977, 1984). The presence of aerobic soil microbes is 
particularly important to the attenuation of cyanide since mobility under aerobic conditions is greatly 
reduced due to higher rates of biodegradation (Fuller 1984). Thus, cyanide leaching to groundwater 
is enhanced under anaerobic conditions. 

3.2 Behaviour in Aquatic Systems 

Cyanide occurs in water most commonly as hydrogen cyanide, although the cyanide ion and simple 
and complex cyanides of varying stabilities may also be present (ATSDR 1991). The fate of these 
compounds inthe aquatic environment varies. Cyanide salts of alkali metals are very soluble and will 
readily dissociate to release the cyanide ion, which may either form hydrogen cyanide or react with 
various metals in the water, depending on pH. Most cyanide ions (>90%) will be converted to 
hydrogen cyanide at pH<8 (Eisler 1991). Complex cyanides such as ferrocyanides and ferricyanides 
may photodissociate and release free cyanide when exposed to sunlight (Callahan et al. 1979, Fiksel 
et al. 1981, Meeussen et al. 1992a). Insoluble metal cyanides are not expected to release fiee cyanide 
but are likely subject to sedimentation and biodegradation (Callahan et al. 1979).
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The dominant processes for free cyanide in surface water appear to be volatilization and 
biodegradation (Raefet al. 1977b, Callahan et al.' 1979, Fiksel et al. 1981, ATSDR I991). Aqueous 
hydrogen cyanide is not susceptible to photolysis, and the rates of cyanide hydrolysis and 
complexation with metals in water are expected to be insignificant (Cicerone and Zellner 1983, 
Callahan et al. 1979, Fiksel et al. 1981, ATSDR 1991). Primarily because of its high solubility, 
hydrogen cyanide is not strongly partitioned into sediments or onto suspended adsorbents (Callahan 
et al. 1979). 

The volatilization of hydrogen cyanide from water is dependent upon many factors, including 
turbulence, depth, wind velocity, water current velocity, stratification and mixing characteristics, the 
presence of surface films and/or ice cover, temperature, pH and cyanide concentration (Callahan et 
al. 1979, Fiksel et al. 1981). In still waters, volatilization rate of cyanide at concentrations of 0.1 to 
0.5 mg-L’l has been measured at 0.22 mg CN-m‘2 hour"; increasing two to three times in turbulent 
waters (Higgs 1992). In general, the half-life of cyanide due to volatilization alone ranges from less 
than one day to several days, depending on environmental conditions (Callahan. et al. 197 9, Fiksel et 
al. 1981). 

Biodegradation in natural waters will depend on cyanide concentrations, pH, temperature, 
concentrations and species of microbes, and nutrient availability. Cyanide may be lost through either 
aerobic or anaerobic degradation but the relative importance of each to aquatic environments is 
unknown (Higgs 1992). Most microorganisms can tolerate only very lowconcentrations of cyanide. 
However, many microbes have been shown to acclimate to high concentrations of cyanide (Raef et 
al. 1977b, Callahan et al. 1979). Anaerobic bacteria degrade cyanide much more slowly than aerobic 
bacteria and are more sensitive to cyanide levels (Fuller 1984). The end products of biodegradation 
may include ammonia, nitrate and nitrogen (Knowles 1976, ATSDR 1991). 

Biodegradation is expected to be important for cyanides in surface waters but the rate of this process 
is unknown (Callahan et al. 1979, Fiksel et al. 1981). At least three species of microbes, including 
two Klebsiella and one Pseudomonas species, isolated from natural freshwater have been shown to 
utilize both KCN and a cyanide-nickel complex (Silva-Avalos et al. 1990). Considerable research on 
cyanide degradation in activated sewage waters has been performed but the differences in biological 
densities and physico-chemical characteristics between sewage and natural waters make 
generalizations to environmental conditions very dificult (Callahan et al. 1979). In addition, many 
biodegradation studies fail to account for cyanide loss due to volatilization or chemical reaction with 
other sewage components (Raef et al. 1977b). 

Acrylonitrile in aquatic systems is subject to volatilization and biodegradation. The rate of 
volatilization is unknown but expected to be slow as a result of the compound's high solubility in 
water. A variety of microbes are capable of degrading acrylonitrile, including species of Penicillium, 
Aspergillus, Arthrobacter, Cladosporium, Corynebacterium, Microbacterium, Nocardia, 
Pseudomonas and Rhodococcus (Nielsen et al. 1993). The half-life for the biodegradation of 
acrylonitrile in water has been estimated at five to seven days. Acrylonitrile is not vulnerable to 
photolysis, hydrolysis or adsorption onto sediments under normal aquatic conditions (Nielsen et al. 
1993)
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3.3 Behaviour in the Atmosphere 

Since cyanide must be in the form of hydrogen cyanide in order to volatilize from soils or water, most 
cyanide in the atmosphere exists as gaseous hydrogen cyanide. Small amounts of metal cyanides as 
particulate matter may also be present (US EPA 1984). Ninety-eight percent of the hydrogen cyanide 
prodUced by ground level sources is oxidized by photochemically generated hydroxyl radicals in the 
troposphere before rising to the stratosphere (Cicerone and Zellner 1983). Photolysis and reactions 
with most atmospheric gases are not important transformation processes for hydrogen cyanide in the 
troposphere, and rainout and dry deposition rates are judged to be negligible (Cicerone and Zellner 
1983). Water-soluble metal cyanide particles are expected to be removed from the atmosphere by wet 
and dry deposition (ATSDR 1991). Tropospheric hydrogen cyanide is considered to be a long-lived 
trace gas with a residence time of a few years (Jaramillo et al. 1989). The relatively slow degradation 
rate of hydrogen cyanide in air suggests thatit has the potential to be transported over long distances 
before being removed by physical or chemical processes and that the atmosphere may be the ultimate 
sink for hydrogen cyanide (ATSDR 1991). 

The dominant removal process for atmospheric acrylonitrile is photooxidation since it reacts quickly 
with both hydroxyl radicals and ozone. Precipitation, photolysis and hydrolysis are not considered 
environmentally significant processes. The residence time for acrylonitrile in the atmosphere is 
estimated to be less than six days (Nielsen et al. 1993). 

4. BEHAVIOUR AND EFFECTS IN BIOTA 
4.1 Terrestrial Microbes 

Uptake, Metabolism, and Elimination 

The pathways for cyanide uptake, metabolism, and elimination vary depending on the species of 
microorganism. Cyanide may be detoxified by conversion to thiocyanate via the enzyme rhodanese 
or by condensation with a three-carbon unit leading to the formation of the amide asparagine 
(Solomonson 1981). Other products of bacterial and fiingal degradation of cyanide may include 
carbon dioxide, ammonia, formate and other compounds (Knowles 1988). 

A wide range of microorganisms are known to degrade cyanide enabling them to survive and grow 
in its presence. Cyanide may be degraded as a means of detoxification or it may be utilized as a source 
of nitrogen and possibly carbon (Strobel 1967, Knowles 1976, 1988). A strain of Pseudomonas 
fluorescens was found to utilize cyanide as a source of nitrogen for growth when glucose was 
provided as a source of carbon and energy (Harris and Knowles 1983a cited in Knowles 1988). Soil 
microbes that were fed doubly labelled cyanide showed a greater retention of the cyanide nitrogen, 
possibly indicating its use as a nitrogen source (Strobel 1967). Natural soil microfloras were reported 
to convert cyanide carbon and nitrogen to carbonate and ammonia, with microbes from soils 
supporting cyanogenic plants most actively metabolizing cyanide (Strobel 1967).
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Toxicity 

Studies on the toxicity of cyanide to microbial processes were scarce, and none was selected for 
guideline derivation according to the CCME protocol (CCME 1996). The consulted studies are 
mentionned in the following paragraphs. 

Bacteria exposed to cyanide may exhibit decreased growth, altered cell morphology, decreased 
motility, mutagenicity, and altered respiration (Towill et al. 1978). Cyanide's toxicity to living cells 
is a result of three major mechanisms: strong chelation to metals in metallo-enzymes; reaction with 
keto compounds to form cyanohydrin derivatives of enzyme substrates; and reaction with Schifilbase 
intermediates during enzymic reactions to form stable nitrile derivatives (Solomonson 1981, Knowles 
1988). Cyanide is a major inhibitor of the enzyme cytochrome oxidase as well as hemoproteins and 
other metal-containing oxidases or oxygenases. At concentrations of about 10" M or lower, cyanide 
is usually highly inhibitory to cytochrome oxidase while other enzymes require 10" to 10'2 M of 
cyanide for significant inhibition (Knowles 1976). Unacclimated mixed microbial populations are 
adversely afi‘ected by cyanide at concentrations of 0.3 mg HCN-kg'l. Acclimatized populations in 
activated sewage sludge may be unaffected by concentrations as high as 60 mg total cyanides-kg‘1 
(Towill et al. 1978). 

Research on the efi‘ect of cyanide release into the soil on microbial ecosystems is very limited. A study 
of the relationship between the cyanide content of sorghum roots and the surrounding microbial 
population showed no clear correlations (Rangaswami and Balasubramanian 1963 cited in Knowles 
1976). No other reports of cyanide toxicity to soil microbes were available. 

4.2 Terrestrial Plants 

Uptake, Metabolism, and Elimination 

Very little data was available on the uptake of cyanide fiom soil by plants. Cyanide levels in 
cyanogenic plants are partially determined by nutrient availability, physical stress'ors and the growth 
stage of the plant (Buck et al. 1973, Cade and Rubira 1982, Eisler 1991). Consequently, cyanide 
concentrations in plants are difficult to correlate with levels in surrounding soil (Howe and Noble 
1985). Dandelions, a non-cyanogenic plant, harvested from soils containing 11.3 to 16.2 mg-lttg‘l of 
cyanide showed cyanide levels of 10.25 to 11.30 mg-kg", while control plants fiom soils containing 
0.70 mg’kg'l showed cyanide levels of 0.50 mg-kg‘l. Laboratory tests demonstrated that dandelions 
grown in cyanide solutions and cyanide-containing mine efiluents showed cyanide uptakes in 
proportion to the amount of cyanide in solution (Howe and Noble 1985). 

Although little or no free cyanide occurs in plants, both cyanogenic plants (e. g. sorghum, flax and 
white clover) and non-cyanogenic plants (e.g. barley, pea and red clover) have been reported to 
metabolize cyanide (Towill et al. 1978). The metabolism and ultimate fate of cyanide in plants varies 
by species. Two common pathways of cyanide detoxification include the conversion to thiocyanate 
via the enzyme rhodanese and the reaction of cysteine and cyanide to form hydrogen sulfide and B-
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cyanoalanine which can be hydrated to asparagine (Solomonson 1981, Goudey et al. 1989). No data 
was available on the rate of cyanide metabolism or elimination in plants, although the capacity to 
metabolize cyanide appears to be greater in regions of older plants and areas of rapid cellular 
proliferation (Goudey et al. 1989). - 

Toxicity 

Toxicity studies selected for use in the derivation of soil quality guidelines according to the CCME 
Protocol (1996) are found in Table 4. Additional studies, consulted but not used in guideline 
derivation, are presented in Table 5. 

The toxic effect of cyanide in plants is usually due to its ability to complex with the metal ions, 
inhibiting the action of various metalloenzymes. Cyanide is a potent inhibitor of cytochrome oxidase, 
the terminal electron acceptor in the electron transport chain of respiration (Solomonson 1981). 
Cyanide may also combine with aldehydes and/or ketones to form cyanohydrins, or may react 
irreversibly with disulfide bonds (Towill et al. 1989). 

The major effect of elevated cyanide concentrations in plants is the inhibition of respiration. This 
inhibition prevents the production of ATP, which leads to the breakdown of many cellular functions 
and ultimately to the death of the organism (Towill et al. 1978). Chromosomal aberrations in plants 
have been identified as a result of cyanide uptake but the mode of action is unknown (Towill et al. 
1978). Cyanide may also inhibit photosynthetic electron transport by complexing with the copper 
protein plastocyanin (Solomonson 1981). Conversely, cyanide may promote the germinatiOn of seeds 
(Towill et al. 1978, Solomonson 1981). Beside experiments on inhibition of respiration, studies on 
the toxic effects of low concentrations of cyanide are limited because of the sensitivity of cytochrome 
oxydase enzymes: to cyanide and of the ability of many plants to metabolize cyanide into asparagine, 
which render dimcult the obtention of results (Towill et al. 1978). 

Environment Canada (1995a, b) reported the toxicity of cyanide on lettuce (Lactuca sativa) and 
radish (Raphanus sativa) seedling emergence. Seeds were grown in an artificial soil mixture spiked 
with cyanide. Environment Canada (1995a, b) also reported the effects of cyanide on the root 
elongation of lettuce (Lactuca sativa) and radish (Raphanus sativa) on filter paper. The results from 
these studies are found in tables 4 and 5 respectively. 

Wallace et al. (1977) reported the toxicity of cyanide to bush bean plants (Phaseolus vulgaris L. C.V. 
Improved Tendergreen). The plants were grown for 11 days in Yolo loam soil amended with 2% 
CaCO3 to give a pH 7.5. Wallace et al. (1981) grew bush beans in Hacienda loam (pH 7.5) and in 
Yolo loam (pH 5.9). Plants were grown for 13 days. NaCN was added to each pot 4 days after 
transplanting. Experimental and control soils contained 24 000 dmp 2“Am per g soil. All other 
conditions were as in Wallace et al. (1977). Toxicity of cyanide to bush bean plants is reported for 
both soils. Results from these two studies are presented in table 4. 

Lettuce seedlings grown in cyanide—containing water agar displayed an inhibition of root growth 
directly proportional to the KCN concentration. Shoot growth inhibition began at concentrations as
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low as 20 nmol'mL'l and root growth was reduced by 70% at 80 nmol-rnL'l (Alstrom and Burns 
1989). Similarly, shoot and root lengths of two wheat cultivars were reduced by 32.3 to 39.7% and 
21.9 to 28.5% respectively when grown in a solution containing 40 uM KCN (Astrom 1991). 
Dandelions grown in cyanide-containing solutions at concentrations of 0.5, 5.0 and 500 mg-L‘l 
showed cyanide concentrations in leafs of 0.2, 0.16 and 11.5 mg-lcg'1 respectively. Plants grown in 
a 5000 mg-L'1 selution had numerous dead leaves after 48 hours of exposure and appeared nearly 
dead at the end of the testing period (Hewe and Noble 1985). 

4.3 Terrestrial Invertebrates 

Uptake, Metabolism, and Elimination 

There is very limited scientific information about the pathways and rates of cyanide uptake, 
metabolism and elimination in invertebrates. Insects that are relatively tolerant to gaseous cyanide 
appear to be able to exclude cyanide fi'om their bodies (Towill et al. 1978). Thiocyanates are known 
to be formed in the insect larvae of Gasterophilus equi and the enzyme rhodanese is found in 
blowflies (Towill et al. 1978), suggesting that the detoxification of cyanide in some groups of 
invertebrates may be similar to that in mammals. Fumigated granary weevils (Sitophilus granarius) 
were found to excrete absorbed cyanide in the form of amino acids (Towill et al. 1978). There are 
insufiicient data to make generalizations regarding detoxification of cyanide in invertebrates. 

Toxicity 

Studies selected for use in the derivation of soil quality guidelines according to the CCME Protocol 
(1996) are found in Table 4. Additional studies, consulted but not selected for guideline derivation, 
are presented in Table 5. 

Generally, the effects of cyanide on invertebrates are not well documented (Environment Canada 
1995a). Cyanide is known to inhibit respiration and to cause a form of "paralysis" in filmigated insects 
(Towill et al. 197 8). LDso for granary weevils (Sitophilus granarius) fumigated during four hours is 
8 mg-L“, although some individuals recovered even after several hours of complete inhibition of 
respiration (Towill et al. 1978). Orchid weevils (Orchidophilus aterrimus) were resistant to cyanide 
at fiirnigating concentrations up to 4600 mg L'1 (Hansen et al. 1991). Southern armyworm 
(Spodoptera eridania) larvae were demonstrated to be extremely resistant to cyanide, with three day- 
old larvae showing an injected LD50 of 332 mg HCN-kg'l and an ingested LDso of 1492 mg HCN-kg‘1 
(Brattsten et al. 1983). A diet containing 1% KCN resulted in a reduced pupation rate, a greatly 
reduced adult emergence rate, complete inhibition of oviposition and necrotic lesions in mid-gut. 
epithelial cells. The armyworm larvae were shown to develop a tolerance for cyanide by initially 
ingesting lower doses (Brattsten et al. 1983). Cyanogenic arthropods appear more tolerant to cyanide 
than other arthropod species (Towill et al. 1978).

'
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Environment Canada (1995a, b) reported the acute toxicity of cyanide to earthworms (Eisenia 
foetida) exposed to cyanide in an artificial soil over a 14 day period. Exposure pathways included the 
consumption of soil particles and dermal contact. Results are shown in table 4. 

4.4 Mammals and Birds 

Uptake, Metabolism, and Elimination 

Free cyanide is readily absorbed by terrestrial animals through inhalation, ingestion and contact with 
skin and mucous membranes (Egekeze and Oehme 1980). The most frequent cause of cyanide 
poisoning in terrestrial animals, particularly livestock, is through ingestion of plants containing 
cyanogenic glycosides. Free cyanide is released fiom cyanogenic plants through mastication, digestion 
and microbial degradation in the digestive system (Towill et al. 1978). Animals that eat rapidly are 
at greatest risk (Egekeze and Oehme 1980). Ruminants (e.g. cattle and sheep) tend to be more 
vulnerable to cyanogenic plants than nonruminants (e. g. horses and pigs), presumably as a result of 
the greater degradation of plant cells by bacterial enzymes (Cade and Rubira 1982, Reed 1984). 
Cyanide poisoning through the ingestion of cyanogenic plants is more prevalent under drought 
conditions since animals are less selective in choice of forage and plant production of cyanogenic 
glycosides is enhanced under stressfiil conditions (Buck et al. 1973, Towill et al. 1978, Eisler 1991). 
In addition to livestock, several bird species have been found dead after ingesting cyanogenic plants 
(Cameron 1972).

' 

Cyanide is detoxified in mammals by the intramitochondrial enzyme rhodanese which catalyzes the 
transfer of sulphur fi'om a donor such as thiosulphate, persulfide or a polysulphide to the cyanide 
molecule. The resulting less toxic compound, thiocyanate (SCN'), is then excreted in urine (Towill 
et al. 1978, Egekeze and Oehme 1980, Leduc 1984). Rhodanese is widely distributed throughout the 
body with the highest activity levels found in the liver (Solomonson 1981, Eisler 1991). Other minor 
detoxification pathways include the spontaneous reaction of cyanide with cystine to form 2-imino-4- 
thiozolidene'carboxylic acid and with hydroxycobalamine to form cyanocobalamine (vitamin B12); a 

small amount of cyanide may also be eliminated in expired air as CO‘2 (US EPA 1989). 

The detoxification rate of cyanide is likely to be limited by the availability and mobilization of sulphur 
(Leduc 1984). Thus, sulphur containing compounds such as thiosulfate are often used as antidotes 
(Reed 1984). The detoxification rate following intravenous administration of cyanide is about 0.020 
mg-lrg‘l body weight per minute for dogs, 0.04 mg-kg'1 body weight per minute for guinea-pigs, and 
0.008 mg kg" body weight per minute for rabbits (Leuschner et al. 1991). 

Toxicity 

Toxicity studies selected for use in the derivation of soil quality guidelines according to the CCME 
Protocol (1996) are found in Table 4. Additional studies, consulted but not selected for guideline 
derivation, are presented in Table 5.
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Cyanide is known to be a powerfiil and rapidly-acting asphyxiant that prevents tissue utilization of 
oxygen by inhibition of the cellular respiratory enzyme cytochrome oxidase (Egekeze and Oehme 
1979). Inhalation or ingestion of lethal doses of cyanide in animals produces reactions within a few 
seconds and death within minutes. The toxicity of cyanide depends on its speciation which regulates 
the release of free cyanide, and on the route of exposure. Very few data are available on the 
carcinogenicity, mutagenicity and teratogenicity of cyanide compounds to any organisms. ' 

Clinical signs of acute cyanide poisoning in mammals include rapid and laboured breathing, ataxia, 
cardiac irregularities, dilated pupils, convulsions, coma, respiratory failure, and rapid death (Towill 
et al. 1978, Eisler 1991). As a consequence of the cytotoxic hypOxia in acute cyanide poisoning, there 
is a shifl from aerobic to anaerobic metabolism and the development of lactate acidosis (Eisler 1991). 
In cases of acute cyanide poisoning, the animal is in obvious severe distress and either dies or rapidly 
recovers (Towill et al. 1978). Most cyanide toxicity studies performed with mammals have focused 
on its rapid lethal action and are based on single dose exposures. No toxicity data were available, for 
terrestrial animals, on ingestion or contact with cyanide-contaminated soils. 

Signs of acute cyanide poisoning in livestock (e. g. cattle) from the ingestion of cyanogenic plants 
include initial excitability with muscle tremors, salivation, lacrimation, defecation, urination, and 
laboured breathing, followed by~muscular incoordination, gasping, pupil dilation and convulsions 
(Towill et al. 1978, Bapat and Abhyankar 1984, Eisler 1991). Acute poisoning of livestock results 
either in death or rapid recovery (Towill et al. 1978, Eisler 1991). Intakes of 4 mg HCN-kg'1 body 
weight-hr'l can be lethal (Reed 1984) and levels of cyanide in plant materials in excess of 200 mg‘kg'1 
are considered to be potentially dangerous to livestock (Egekeze and Oehme 1980). White rats feed 
7mg HCN/kg bw in a single dose died in 10.3 minutes. Tissue CN' levels, in mg/kg fw, were 8.9 for 
liver, 5.9 for lung, 4.9 for blood, 21 for spleen, and 1.5 for brain (Y arnamoto et al. 1982). Coyotes 
feed 4 mg NaCN/kg bw, also in a single dose, were immobilized in 13 minutes, recovered and 
survived for at least 30 days. NaCN residues in mg/kg fw were 0.03 in blood and 0.9 in stomach. In 
the same experiment, coyotes feed 16 to 64 mg NaCN/kg died in less than 8 minutes and had 
maximum NaCN residues of 0.14 and 13.0 mg/kg fw in blood and stomach respectively (Sterner 
1979). v 

Chronic cyanide poisoning through ingestion of cyanogenic plants has not been well-studied and is 
generally diflicult to diagnose. Horses grazing on sorghums and Sudan grass showed signs of chronic 
cyanide poisoning, with symptoms including posterior ataxia, urinary incontinence, cystitis and 
myelomalacia of the lower spinal cord (Towill et a1. 1978, Reed 1984). Prolonged ingestion of 
cyanogenic glycosides may result in sulphur deficiency (since sulphur-containing compounds are used 
to detoxify cyanide) or thyroid deficiency (thiocyanate depresses thyroid fimction by inhibiting the 
absorption of iodine) (Towill et al. 1978, Solomonson 1981). Sows maintained on diets containing 
cyanide (30.3, 276.6, and 520.7 mg CN'-kg‘1 of diet) throughout gestation and lactation showed 
hyperplasia of kidney glomeiular cells and accumulation of colloid as well as morphological changes 
in follicular cells of the thyroid (US EPA 1988). Weanling rats maintained on a diet containing 1 500 
mg KCN-kg'l (approx. 30 mg CN “kg '1 bw-day '1) for 11.5 months showed significantly reduced 
bodyweight gain, increased excretion of thiocyanate, decreased plasma thyroxine levels, and 
decreased thyroxine secretion rates (US EPA 1989). Sheep grazing on sorghums and Sudan grass
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gained weight when their diet was supplemented by a sulphur-containing salt lick (Towill et al. 1978). 
Sheep feeding on star grass, a cyanogenic plant with a low iodine content, developed enlarged 
thyroids and gave birth to lambs that were stillborn or died shortly afier birth. The effects of CN were 
alleviated by administering iodine and mineral supplements (Towill et al. 1978). 

4.5 Bioaccumulation 

There is no evidence of cyanide bioaccumulation in any organisms. Low doses of cyanide are rapidly 
degraded to nontoxic products by most species while large doses result in death (Towill et al. 1978). 
Cyanide does not accumulate in blood and tissues of mammals and birds following chronic exposure 
(US EPA 1989). The metabolite of cyanide, thiocyanate, however, may bioaccumulate by these 
organisms as a result of reabsorption by the kidney tubules (Leduc 1984). 

A bioconcentration factor may be calculated from the data reported by Wallace et a1. (1977). These 
authors measured the cyanide content of leaves, stems and shoots of bush bean plants (Phaseolus 
vulgaris) grown in Yolo loam spiked with cyanide. Plants grown in soil containing cyanide at 50 
mg/kg had an average cyanide content of 35.07 mg/kg dry weight and plants grown in soil containing 
cyanide at 100 mg/kg had an average cyanide content of 97.3 mg/kg dry weight. Thus, the average 
calculated bioconcentration factor (ratio of cyanide in plant to cyanide in soil) is 0.8. 

5. DERIVATION OF ENVIRONMENTAL SOIL QUALITY GUIDELINES 

5.1 Introduction 

Canadian soil quality guidelines are designed to protect four difi‘erent land uses: agricultural, 

residential/parkland, commercial and industrial. The Canadian Soil Quality Guidelines for free 
cyanide are based on the procedures described in A Protocol for the Derivation of Environmental 
and Human Health Soil Quality Guidelines (CCME 1996). 

All data selected for use in guidelines derivation have been screened for ecological relevance and are 
presented in Tables 4 and 6. Additional toxicological studies, not used in guideline derivation, are 
presented in Tables 5 and 7. Studies may be excluded from use because of one or more of the 
following reasons: 

soil pH was not recorded 
soil pH was below 4 (which is outside the normal pH range of most Canadian soils) 
no indication of soil texture was provided 
inappropriate statistical analysis was used 
test was not conducted using soil or artificial soil 
test soil was amended with sewage sludge or a mixture of toxicants 
test did not use controls
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LOEC and EC data used in the following derivations were considered to be statistically significant 
according to the study from which the data were taken. ‘ 

According to Section 7.5.2.2 of the Protocol, the geometric mean must be used when multiple data 
are available for the same endpoint with the same species. For the cyanide data, the geometric mean 
was applied to the EC(50%), EC(56%) and EC(52%) values for bush beans fiom Wallace et al. 1977 
and Wallace et al. 1981, to the LOEC values for radish seedling emergence, to the LOEC values for 
lettuce seedling emergence, and to the LOEC values for the earthworm, these three last sets of data 
beeing from Environment Canada 1995a and 1995b. 

5.2 Soil Quality Guidelines for Agricultural and Residential/Parkland Land Uses 

5.2.1 Soil Quality Guideline for Soil Contact (SQGSC) 

The derivation of the SQGSC is based on toxicological data for vascular plants and soil invertebrates. 
The toxicological data for plants, and invertebrate, selected according to CCME (1996), are 
presented in Table 4. Afier examination of the toxicological data for free cyanide, it was determined 
that the LOEC method was most appropriate for guideline derivation since data requirements for the 
preferred weight of evidence method were not met. 

Therefore the TEC was calculated as: 

TEC = lowest LOEC / UF 

where TEC = threshold efi‘ects concentration (mg-kg") 
LOEC = lowest observable efi‘ect concentration 
UF = uncertainty factor 

The lowest LOEC is 1.8 mg CN‘-kg"soil, for radish seed emergence (Environment Canada 1995a and 
b). Because the LOEC is considered to be biologically significant and not just statistically different 
from controls and therefore extrapolation below this level of efi‘ect is required, an uncertainty factor 
of 2 was applied. 
Thus, ~ 

TEC = 1.8/2 
TEC = 0.9 mg CN/kg soil 

Nutrient and Energy Cycling Check 

The nutrient and energy cycling check for the SQGSC for agricultural, residential/parkland land 
uses could not be calculated since data requirements for this check, according to the CCME 
Protocol (1996), were not met.
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Therefore the SQGsc for free cyanide for Agricultural and Residential/Parkland is 0.9 mg CN/kg 
soil.

‘ 

5.2.2 Soil Quality Guidelines for Soil and Food Ingestion (SQGI) 

The soil quality guideline for soil and food ingestion applies only to agricultural land use. 

Calculation of the SQGI is based on the lowest observed adverse effects level (LOAEL) taken 
from the selected mammalian and avian toxicological data listed in Table 6. The lowest observed 
adverse efl‘ects level, indicating the species most threatened was 0.63 mg-kg‘1 bw~day’1 which 
resulted in toxicity symptoms for pigs (Couch and Bunyea 1939). 

The LOAEL is used to calculate the daily threshold effects dose (DTED) according to the 
equation:

' 

DTED = lowest LOAEL/UP 
where, 
DTED = daily threshold effects dose (mg-kg‘l bw-day") 
LOAEL = lowest observed adverse effects dose (mg’kg" bw-day“) 
UF = uncertainty factor; an uncertainty factor of 2 was applied as the selected dataset was 

based on many acute toxicity studies. 
Thus, 
DTED = 0.63/2 = 0.315 mg°kg‘1bw'day'l 

An animal may be exposed to a contaminant by more than one route. Total exposure comes fiom 
a combination of contaminated food, direct soil ingestion, dermal contact, contaminated drinking 
water and inhalation of air and dust. Exposure fi'om all of these routes should not exceed the 
DTED. Assuming that drinking water, dermal contact and inhalation account for 25% of the total 
exposure (CCME 1996), the remaining 75% of exposure is attributed to the ingestion of food and 
soil. It follows then, that exposure from soil and food ingestion should not exceed 75% of the 
DTED. 

exposure from direct soil ingestion + exposure from food ingestion = 0.75-DTED 

Exposure from Direct Soil Ingestion. 

To estimate the exposure of an animal from direct soil ingestion the rate of soil ingestion must be 
calculated. The ingestion rate of soil and forage together is referred to as the dry matter intake 
rate (DMIR). To estimate the rate of soil ingested directly, the percentage of the DMIR attributed 
to soil ingestion must be isolated. In most soil-based exposure studies, the proportion of soil 
ingested (PSI) is reported with the DMIR The animal's soil ingestion rate is calculated as a 
proportion of the DMIR according to the equation:
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SIR = DMIR 0 PSI 
where, 
SIR = the soil ingestion rate (kg dw soil-day“) 
DMIR = geometric mean of available dry matter intake rates (kg-day“); estimated to be 4.8 

kg-day'l (Nagy 1987). 
PSI = geometric mean of available soil ingestion proportions reported with DMIR. As no 

information is available on the PSI for the species used, a default value of 0.083 
(McMurter 1993) was used for the above equation. 

Thus,
" 

SIR = 4.8 0 0.083 = 0.398 kg dw soil-day"l 

The SIR can then be combined with the bioavailability factor (BF), body weight (BW) and a 
concentration of the contaminant in the soil (SQGI) to represent the exposure from soil ingestion. 
The soil concentration at this point is unknown but it should not provide for greater than 75% of 
the DTED when combined with the exposure calculated for food ingestion. 

exposure from soil ingestion = SIR - BF - SQGI / BW 
where, - 

SIR = soil ingestion rate (kg dw soil-day") 
BF = bioavailability factor; Due to lack of specific information on the bioavailability of 

cyanide from ingested soil for livestock and terrestrial wildlife, a bioavailability factor 
(BF) of l is assumed (CCME 1996). 

SQGI = concentration of the contaminant in soil that will not result in greater than 75% DTED 
BW = mean body weight (kg); the mean body weight of the pigs used was 175.5 kg (Couch 

and Bunyea 1939). 

Exposure from Food Ingestion 

Similar to SIR, the food ingestion rate (FIR) for livestock and wildlife, is expressed as a portion 
of DMIR. The FIR is the remaining proportion of the DMIR minus soil ingestion rate. The FIR 
is calculated as: 

FIR = DMIR - SIR 
where, 
HR = food ingestion rate (kg dw food-day“) 
DMIR = geometric mean of dry matter intake rates (kg dw food-day“);estimated to be 4.8 

kg'day'l (Nagy 1987). 
SIR = soil ingestion rate (kg dw soil-day‘ 1) 
Thus, . 

FIR = 4.8 — 0.398 = 4.4 kg dw food-day"l 

The FIR can then be combined with the bioconcentration factor (BCF), BW and the SQGI to 
express the exposure from food ingestion.
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exposure from food ingestion = FIR - BCF - SQGI / BW 
where, 
FIR = food ingestion rate (kg dw food-day") 
BCF = bioconcentration factor; using data fi'om Wallace et al. 1977, it is calculated to be 0.8. 
SQGI = concentration of the contaminant in soil that will not result in greater than 75% DTED 
BW = mean body weight (kg); the mean body weight of the pigs used was 175.5 kg (Couch 

and Bunyea 1939). 

Exposure from Direct Soil Ingestion and Food Ingestion 

The equations for exposure from soil ingestion and exposure from food ingestion can be 
combined and rearranged to solve for the SQGI. 

(SIR - BF - SQG, / BW) + (FIR - BCF - SQGI / BW) = 0.75 DTED 

SQGI = (0.75 DTED - BW) / (sm- BF + FIR - BCF) 

SQGI = (0.75 - 0.315.175.5)/(o_39s - 1 + 4.4- 0.8) 

SQGI= 10.6 mg CN-kg’l soil = 11 mg CN-kg'1 soil 

5.3 Soil Quality Guidelines for Commercial and Industrial Land Uses 

5.3.1 Soil Quality Guidelines for Soil Contact (SQGSC) 

Data requirements for the preferred weight of evidence method were not met; Therefore, the 
LOEC method using the mean of the acceptable LOEC'or EC25 was used for the derivation. The 
effects concentration low (ECL) is calculated as: 

ECL = (LOECl O LOEC2 O ...LOEC,,)"n 

where ECL = efi‘ects concentration low (mg/kg) 
LOEC= lowest observed efl‘ect concentration (mg/kg) 
n = the number of available LOECs 

ECL= (26.54 013.27 013.27 0 1.8 015 O 1.9 0 4 0 23 O 6)”: 7.99 

No safety factors are applied in this method. The ECL was calculated to be 8 mg CN/kg soil.

23



Nutrient and Energy Cycling Check 

The nutrient and energy cycling check for the SQGSC for commercial and industrial land uses could 
not be calculated to verify the level of effects of the above ECL to microbial populations since data 
requirements for this check, according to the CCME Protocol (1996), were not met. Therefore, for 
free cyanide, the SQCSC for industrial land use and commercial land use is the ECL, 8 mg CN/ kg soil. 

5.4 Derivation of Final Environmental Soil Quality Guidelines (SQGE) 

The following environmental soil quality guidelines should be used with soils within the pH range of 
4 to 7.5. The toxicological studies upon which these guidelines are based were conducted within this 
pH range. Table 8 presents a summary of the derived soil quality guidelines for free cyanide and a 
comparison of the derived values with the CCME interim remediation criteria. 
Agricultural [and use 

The lower value fi'om the two procedures (SQGSC and SQGI) is selected as the final environmental 
soil quality guideline for agricultural lands (SQGE). The lower of the two procedures is the SQGSC. 

' 

Therefore, the final SQGE for free cyanide is 0.9 mg CN-kg‘1 soil. ' 

Residential/Parkland uses 

The SQGSC of 0.9 mg CN-kg'l soil is, for fi'ee cyanide, the final SQGE for residential/parkland uses. 

Commercial and Industrial land uses
- 

The SQGSC of 8 mg CN-kg'l soil is, for free cyanide, the final SQQ for commercial and industrial 
land uses. 

6. DATA GAPS 
The behaviour and fate of cyanides in soils has been inadequately studied (US EPA 1984). Previous 
studies of cyanide concentrations in various media have frequently failed to identify the species of 
cyanide present and to difi‘erentiate between toxicologically distinct fi'ee and total cyanide levels, 
further hampering the establishment of baseline monitoring data (Leduc et al. 1982, Leduc 1984). 
Since cyanide does not persist for prolonged periods under normal conditions, periodic sampling 
methods may not detect discharges of cyanide into the environment (Fiksel et al. 1981). Because of 
cyanide's high toxicity and rapid action, regular monitoring of emission sources are needed to ensure 
that ecological hazards do not exist. 

The volatilization process in soils is complex and very poorly understood with most of the data cited 
in the literature originating from a limited set of laboratory experiments, while the contribution of
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microbial activity to cyanide degradation in soils is unclear (Higgs 1992). Quantitative information 

on the rate of cyanide volatilization from water at dilute concentrations is not available (Leduc et al. 

1982). Biological efi‘ects of industrial cyanide discharges, especially continuous discharges above 

regulatory levels, have seldom been investigated (Melis et al. 1987). Very little data exist on the 

toxicity of cyanide to plants and invertebrates and no cyanide toxicity data was available for soil 
microbes or terrestrial animals consuming or coming into contact with cyanide-contaminated soil. 

Although the acute toxicity of cyanide in laboratory animals has been widely studied, the behaviour 

and effects of cyanide in soils and water are poorly understood. Further research efforts on the 
toxicological and teratogenic, mutagenic and carcinogenic efi‘ects of cyanide are warranted. 

Anthropogenic cyanide emissions into the Canadian environment are not regularly monitored and data 

on natural background levels are scarce.
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Table 1. Physical and Chemical Properties of Selected cyanides 

Compound Physical State CAS Molecular Melting Boiling Density Vapor Water KW 
and Registry Weight Point Point (g cm") Pressure Solubilty 

Description No. (°C) (°C) (mm Hg) (g/ 100 ml) 

HCN Colorless gas 74-90-8 27.03 -13.24 25.70 0.688 at 807.2 at Completely 0.35‘ 

Hydrogen or liquid with 
20°C 27.2°C miscible 

cyanide bitter almond (liquid) 

odor 

NaCN Colorless 143-33-9 49.01 563.7 1496 1.60 at. 0.76 at 48 at 10°C -0.44 

Sodium crystalline 
25°Cb 800°C 

cyanide solid 

KCN Colorless 151-50-8 65.12 634.5 NA 1.553 at NA 71.6 at NA 
Potassium crystalline 

20°C 25°C 

cyanide solid 

QICN White 544-923 89.56 473 (in N2) Decomposes 2.92 NA Insoluble NA 
Copper crystalline 

cyanide solid 

K,Fc(CN)‘ Red crystalline 13746—66-2 326.27 Decomposes NA 1.85 at NA 33 at 4°C NA 
Potassium solid 

25°C 

ferricyanide 

CH¢CHCN Colorless 107—13-1 53.10 -83.5°C 77.4 - 79°C 0.806 at 88 at 7 at 20°C -0.92 

Acrylonitrile' liquid with 
20°C 20°C 

vapour having 
a pungent odor 
similar to 
peach pit 
kernels, garlic 
or onion 

Adapted from US EPA (1991) unless otherwise stated 
'Adapted fiom CHEMINFO (1993) 
NA = not available



Table 2. Existing Environmental Quality Criteria and Guidelines for Cyanide in Soil 

Jmisdiction Guideline Form of Category Reference 
mg kg" cyanide 

Alberta 5 Total Clean-up value will decrease by 50% for soils Alberta Environment 1990 
containing less than 10% clay 

British A:5 Total Investigation criterion for AG/R/P‘ BC MOE 1989 
Colombia 3:50 Remediation criterion for AG/R/P‘ 

0:500 Remediation criterion for CI? 

A11 Free Investigation criterion for AG/R/P‘ lo Remediafion criterion for AG/R/P‘ 
C1100 Remediation criterion for C/l‘ 

Quebec A:5 Total Natural background level MENVIQ I988 
B:50 Investigation criterion 
0:500 Remediation criterion 

A: 1 Free Natural backgound level 
8:10 Investigation criterion 
C:l00 Remediation criterion 

Ontario 0.02 —- Inert landfill soil placement guideline OMB 1992 
0.05 Urban residential fill soil placement guideline 
10.0 Controlled fill soil placement guideline 

Massachusetts 100 Free S-l soils' DEP 1993 
830 8-2 soils‘ 
830 8-3 soils' 

United Kingdom 25 Free Threshold trigger: domestic gardens,allotments, play areas UK DOE 1990 
500 Action trigger: domestic gardens,allotmerm, play areas 
250 Complex Threshold trigger: domestic gardens,allotments 
1000 Action trigger: domestic gardens,allotments 
100 Free Threshold trigger. buildings, covered areas 
250 Complex Threshold trigger: buildings,covered areas 
500 Free Action trigger. buildings,oovered areas 
250 Complex Threshold trigger. landscapes 
5000 Action trigger: landscapes 

Netherlands 1 Free Soil/sediment target value MHSPE 1994 
5 Complex Soil/sediment target value (pl-155) 
5 Soil/sediment target value (pl-l2 5) 
20 Free Soil/sediment intervention value 
650 Complex Soil/sediment intervention value (pl-I55) 
50 Soil/sediment intervention value (pl-12 5) 

Germany 25 Total Ia remediation value“ Amtsblatt fur Berlin 
25 lb remediation value” (Berlin Gazette) 1990 
50 II remediation value“ 
100 III remediation value” 

Canada 5 Total Soil assessment criterion Environment Canada 1991 
5 AG remediation criterion“ 
50 M remediation criterion“ 
500 (3/1 remediation criterion‘



United States 7800 Ba(CN)2 Risk-based concentrations US EPA 1994 
Residential soils 3100 Ca(CN)z 

390 CuCN 
0.76 Cyanazine 
3100 NCCN 
7000 BrCN 
3900 ClCN 
1600 Free 
1600 HCN 
3900 KCN 
16 000 KAg(CN)1 
7800 AgCN 
3100 NaCN 
3900 Zn(CN)z 

United States 100 000 Ba(CN)z Risk-based concentrations US EPA 1994 
Industrial soils 41 000 Ca1(CN)z 

5 100 CuCN 
3.4 Cyanazine 

41 000 NCCN 
92 000 13:01: 
51 000 ClCN 
20 000 Free 
20 000 HCN 
51 000 KCN 
200 000 KAg(CN), 
100 000 AgCN 
41 000 NaCN 
51 000 Zn(CN)1 

‘ S-l: "accessmle' soil currently or potentially used for agriculture with "high" frequency of use; S-2: "accessible" soil with a lower frequency 

of use; S-3: "accessible" soil with a low fi-equency of use or "isolated" soil regardless of use. 
" Ia: water conservation areas; Ib: areas with sensitive use; II: geological river valley; III: areas of higher elevation. 
‘ AG: agriculmral land use; RIP: residential [and me and or park land; C/I: oommerical and/or indusuial land use.



Table 3. Existing Environmental Quality Criteria and Guidelines for cyanide in Groundwater: 

Jurisdiction Maximum Form of cyanide Comments Source 

Ontario 0.005 mg L" Free Water quality objective OMB 1984 
Quebec A: 0.040 mg L“ Total Natural background leval MENVIQ 1988 

B: 0.20 mg L'l lnvestigatin criterion 
C: 0.40 mg L‘1 Remediation criterion 

Canada 0.040 mg L'l Total Groundwater messment criterion Environment Canada 1991 

Massachusetts 0.20 mg L" Free GW-l groImdwatef DEP 1993 
NA GW-2 groundwater' 
0.01 mg I." GW-3 youndwater‘ 

Netherlands 5 pg L" Thiocyanide/CN (total) Groundwater target value MHSPE 1994 
1500 pg L'l Groundwater intervention value 

'GW-l: current or potential source of drinking water, GW-2: source of vapour to occupied structires; GW-3: discharges to surface waters.



Table 4. Selected Plant and Invertebrate Toxicity Studies for cyanide. 

Organism Efi‘ect Endpoint Concentration Form of Soil pH Test substrate Extraction Reference 
(exposure period) (mg CN' 'kg") cyanide method 

Plants 

Bush Beans Yield reduction, leaves EC (50% red.) 26.54 NaCN 7.5 Yolo loam Nominal Wallace er a1. 1977 
(Phasealus (11 days) EC (75% red.) 53.09 
vulgar/s) 

Bush Beans (9 days) EC (56% red.) 13.27 NaCN 7.5 Hacienda loam Nominal Wallace er a]. 1981 
(Pharealus EC (42% red.) 26.54 
vulgaris) 

EC (52% red.) 13.27 5.9 Yolo loam 
EC (44% red.) 26.54 

Radish Seedling emergence NOEC 0.9 KCN 4 - 4.2 Artificial soil Nominal Environment Canada 1995a 
(Raphanus aaflva) (72 hours) LOEC 1.8 (20% kaolinite 

EC” 1.2 clay, 70% silica 
EC," 2.9 sand, 10% peat) 

Lettuce Seedling emergence NOEC 8 
(Lacruca sarr'va) (120 hours) LOEC 15 

EC” 12 
ECm 16 

Radish Seedling emergence NOEC 0.9 KCN 4 - 4.2 Artificial soil Nominal Environment Canada 1995b 
(qhamu safiva) (72 hours) LOEC 1.9 (20% kaolinite 

EC” 1.4 clay, 70% silica 
EC,u 2.8 sand, 10% peat) 

Lettuce Seedling emergence NOEC 2 
(Lacruca satlva) (120 hours) LOEC 4 

50,, 2 
EC” 10 

Invertebrates 

Earthworm Mortality NOEC 12 KCN 4 - 4.2 Artificial soil Nominal Environment Canada 1995a 
(Elsenlafatlda) (14 days) LOEC 23 (20% kaolinitc ' 

EC” 14 clay, 70% silica 
EC,o 18 sand, 10% peat) 

Earthworm Mortality NOEC 3 KCN 4 - 4.2 Artificial soil Nominal Environment Canada 1995b 
(Eisenlafetlda) (14 days) LOEC 6 (20% kaolinite 

EC” 4 clay, 70% silica 
EC” 5 sand, 10% peat)



Table 5. Consulted Plant and Invertebrate Toxicity Studies for Cyanide 

Organism Effect Endpoint CN' concentration Form of Soil pH Test substrate Extraction Reference 
(exposure period) (% reduction) cyanide method 

Plants 

Winter oats Inhibition of germination EC 10“ M KCN NR Filter paper in petri dish Nominal Major and Roberts 1968 
(A vena .raflva var. (24 hours) 
Padam) 

Rye-grass Inhibition of germination EC 10" M KCN NR Filter paper in petri dish Nominal Major and Roberts 1968 
(Lollum pemnne (24 hours) 
var. S24) 

Grand Rapids Inhibition of germination NOEC 3 mM NaCN NR Filter paper in petri dishes Nominal Mayer et a1. 1957 
lettuce EC (100%) 5 mM 
Clitoria temalea Inhibition of germination EC (100%) 2500 ppm of NaCN NaCN NR Filter paper in petri dishes Nominal Mullick and Chatterji 

(24 hours) 1967 

Rhyncosla minima Inhibition of germination EC (75%) 2500 ppm of NaCN NaCN NR Filter paper in petri dishes Nominal Mullick and Chatterji 
(24 hours) 1967 

Wheat Reduced growth of first leaf EC (26%) 0.5 mM KCN 6 Solution with no iron Nominal Israelstsm 1970 
(Trltlcum vulgam) (9 days) EC (58%) 0.5 mM Solution with 5 mg/L iron 

Wheat Reduced shoot growth EC (323- 40 pM KCN NR Solution Nominal Astrbm 1991 
(Tr/mum vulgare) 39.7 %) 

Wheat Reduced root growth EC (219- 40 uM KCN NR Solution Nominal AstrOm 1991 
(Trltlcum vulgane) 28.5 %) 

V lcla faba Increased chromosome EC (12%) 0.0005 M KCN 7 Solution with oxygen Nominal Lilly and 'I‘hoday 1956 
aberrations bubbled throught 
(30 min.) 

Radish Root elongation NOEC 8 mg ' kg“ KCN 4 - 4.2 Artificial soil Nominal Environment Canada 
(Raphanus sat/va) (72 hours) LOEC I7 1995a 

EC” 9 
ECm l4 

Lettuce Root elongation NOEC 5 mg ' kg" 
(Laetuoa saliva) (120 hours) LOEC l 1 

EC” 6 
EC,o 10



Organism Effect Endpoint CN' concentration Form of Soil pH Test substrate Extraction Reference 

(exposure period) (% reduction) cyanide method 

Radish Root elongation NOEC <2 mg ' kg" KCN 4 - 4.2 Artificial soil Nominal Environment Canada 

(Raphanus saliva) (72 hours) LOEC 2 ‘995', 

EC” <2 
EC,“ 8 

Lettuce Root elongation NOEC 3 mg ' kg" 
(Lactuca saliva) (120 hours) LOEC 7 

EC” 6 
EC” 36 

Lettuce Inhibition of root growth EC (70%) 80 nmol/ml KCN NR Water agar in petri dishes Nominal AlstrOm and Bums 1989 

(Lacruca satlva) (4 days) 

Invertebrates 

Spodoprem Inhibition of emergence EC (22%) 0.1% KCN in diet KCN NR Diet Nominal Brattaten er a1. 1983 

erldanla 

EC (82%) 1.0% KCN in diet



Table 6. Selected Mammalian and Avian Oral Toxicity Studies for Cyanide. 

Organism Effect, Endpoint Dose Average Feed Average Average Daily Dose Form of Reference 
(Expoure period) mg CN ' kg" bw lntake' {median} Cyanide 

(ks my") Body (ms 
Weight (kg) CN - kg"bw - day") 

Mallard ducks Mortality LD,o 1.43 0.25h 1.26 Single dose in NaCN Henny et al. 1994 
(A may plaryrhynchos) (single dose) gelatin capsule 

Black vulture Mortality LD,o 2.55 NR (2.215) Single dose in NaCN Wiemeyer er a1. 
(Coragyp: armrus) (single dose) gelatin capsule 1986 

American kestrel LD,o 2.12 {0.118} 
(Falca sparven'us) 

Japanese quail LD,0 4.99 {0.130} 
(Carumix japonlca) 

Domestic chicken LD,o 11.15 (1.610} 
(Callus domeulcus) 

Eastem screech-owl LD” 4.56 (0.185} 
(0m aria) 
European starling LD,o 9.02 (0.075} 
(Stumus vulgar-ls) 

Sheep (Romney ewes) Mortality Minimum lethal 2.31 1.7 51.2 Single dose by KCN Coop and Blaldey 
(single dose) dose stomach tube 1950 

Sheep (female, mixed Mortality LD,o 1.96 2.1 64“ Single dose by NaCN Burrows and Way 
breeds) (single doe) stomach tube 1977 

Sheep Mortality Minimum lethal 2.20 1.4 39.5 Single dose by HCN Couch er al. 1935 
(single dose) dose drench 

Toxicity symptoms LOEL 1.01 
(e.g. increase in rate and 
depth of respiration) 

Sheep Mortality Minimum lethal 2.23 1.4 39.5“ Single dose by KCN Clawson et at. 
(single dose) dose drench 1934



organism Effect Endpoint Dense Average: Feed Average Average Deity D033 Form of Karma; (Emma petiod) mg 02»! - kg" hm Inmke‘ {median} Cyanide 
(kg day“) Bad? (ms 

Weight (kg) ON * kg“hw ' day“) 

Toxicity symptoms LOEL 0.955 1.4 
(9.3. harem in raw and 
depth of reapimicm) 

cm Mommy Minimum iefltai 1.97 “.4 5m)" Singic dose by KCN Ciawson a: a8. 
(singlc dose} dose drench 1934 

Toxicity symptoms LOEL 0.849 11.4 
(a; incmasc ix: men and 
depth of mpirafinn) 

Swine Toxicity symptom LOEL 9.626 4.8 175.5 Single dense by KCN Coach and 33mm 
(mg increase in rate and «french 1939 
depth of mphtian) 

Modality Minimum MM! 231 to 3.27 4.8 
(single dose) 603: 

NR: Not rayomd‘ 
(a): (Emulatsd from 313:1d equations for deity feed and watar intake by iivmock and wildiifc (Nagy, £987). 
(5): Genera} average (McMutter, 2993). 
(a): Avarage {him Bunyan at aL 1934 and Couch at at. 1935‘



Table 7. Consulted Mammalian and Avian Toxicity Studies for Cyanide. 

Organism Effect Endpoint Dose Route of Exposure Exposure Period Reference 

Cattle (Bo: sp.) Profuse salivation, spasms, and --- 15-20 kg May/animal of Fodder - hybrid 3-8 days Bapat and Abhyankar 
tremors. Dyspnoea, dilated pupils, fodder sorghum Sudan grass 1984 
constipation and feeble response to cross 988 
stimulus 

Dog Mortality LD”J 5.4 mg NaCN/kg Subcutaneous Single injection Sterner, 1979 
(Cant: familiar-ls) 

Coyote Immobilized in 13 min., but all 4 mg NaCN/kg Oral Single dose Sterner, I979 
(Cami: latmns) survived for at least 30 days. --- 

Developed ataxia within 2 min Death within 41 min 8 mg NaCN/kg 
All immobilized in less than 1 min. All died in less than 16,32, or 64 mg 

8 min NaCN/kg 

Mortality LD” 4.1 mg NaCN/kg --- 

Sheep Mortality, impaired reproduction, NOEC 1.1 to 1.6 mg HCN/‘kg Oral 2 to 35.5 months Van Der Walt, 1944 
histological changes 

Livestock Potentially dangerous m > 200 mg HCN/kg Plant materials in diet --- Ballantyne, 1987 

Domestic mouse Mortality 14D,o 2.8 mg 110n Intraperitoneal Single injection Ballantyne, 1987 
(M u: app. ) 

LD,o 4.6 - 5.9 mg NaCN/kg 
LD,., 5.3 - 6.7 mg KCN/kg 

Domestic mouse Intense dyspnea, gasping, ataxia, LD,o 46 mg acrylonitrile/kg Intraperitoneal --- Willhite and Smith, 
(M us app. ) corneal opacity, hypothermia and 1981 

convulsion 

Domestic mouse Mortality LD,a 7.8 - 12.0 mg HCN/kg Subcutaneous Single injection Ballantyne, 1987 
(Mus app. ) 

Domestic mouse Mortality I_.Dm 3.4 mg CN'lkg Oral Single dose US EPA, 1989 
(Mus app. ) 

Rabbit Mortality LD,o 0.5 - 1.5 mg HCN/kg Intramuscular Single injection Ballantyne, 1987 
(Oryctolagw 1m) 

LD,o 0.6 mg HCN/kg Intravenous 

LD,o 1.0 mg HON/kg Eye surface Single dose



Olganiml Effect Mpohit Dose Route of Exposure Exposure Pedod Refennee 

LD,o 1.7 - 2.0 mg HCN/kg Intmperitoneal Single injection 

LD” 2.3 mg HCN/kg Administered as --- 

solution to abraded 
skin 

LD,0 6.9 mg HCN/kg Administered as --- 

solution to intact skin 

LD,o 2.5 mg HON/kg Oral Single dose 

White rat Mortality LB," 0.1 - 10 mg CN/kg Intraperitonenl Single injection Bmttsten et a1. 1983 (Ram: :pp.) 

White rat Mortality LC,“ 3778 mg HCN/m’ Inhalation 10 seconds Ballantyne, 1987 (Ram: app.) 
1 . LC,“ 1128 mg HCN/m 1 minute 

LC,o 493 mg HCN/m’ 5 minute 

LC“ 151-173 mg HCN/m’ 30-60 minutes 

LC,“ 3.6 - 4.2 mg HCN/kg Oral Single dose 

LC,o 5.1 - 5.7 mg NaCN/kg Single dose 

White rat Mortality LDw 4 mg HCN/kg Oral Single dose US EPA, 1989 (Ram: app.) 

White rat Mortality Dead in 10.3 min 7 mg HCN/kg BW Oral Single dose Yamamoto et al. 1982 (Ram: app.) 
Dead in 3.3 minutes 21 mg HCN/kg BW



Table 8. Environmental Guidelines for Free Cyanide 

Guidelines 12nd Use 

Agiwluue Residential/Falkland Commercial/Induslfial 
mg CN‘-kg" mg CN"kg" mg CN'-kg" 

SQGSC 0.9 0.9 8 

Nutrient and energy cycle check Insufficient data Insufficient data Insufficient dam 

SQG, 1 1 Not applimble Not applicable 

SQG, 0.9 0.9 8 

CCME interim critefia 0.5 10 1 00 
(CCME 1991)




