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his fact sheet provides Canadian soil quality guidelines for nickel for the protection of 
environmental and human health (Table 1). A supporting criteria document is also available 
(CCME 2015). This guideline applies to nickel forms that include soluble (i.e., nickel in the 

form of chloride, sulphate and nitrate) and insoluble forms (i.e., nickel as sulphide and oxide). 
Nickel present as refinery dust or in other forms not listed above (such as nickel subsulphide or 
nickel carbonyl) is not addressed in this guideline and would require a separate assessment. 
 

Background Information  

Nickel (Ni), is a hard but brittle, silvery white metal which possesses high thermal and electrical 
conductivities. Powdered nickel is reactive and may spontaneously ignite in air (ATSDR 2005). 
Nickel (CAS #7440-02-0) is a transition element of Group VIIIa of the Periodic Table, with an atomic 
number of 28 and an atomic weight of 58.693, a melting point of 1455C, a boiling point of 2913C 
and a specific density of 8.9 g/cm3 at 25C (Haynes 2011). Nickel exhibits magnetism (less magnetic 
than iron) (Cotton and Wilkinson 1988).  

Although nickel can exist in oxidation states of -1, 0, +1,+2, +3 and +4, the most common valence 
state in the environment is Ni(II) (otherwise noted as Ni2+) (ATSDR 2005). Ni2+, with an ionic radius 

T

Table 1. Soil quality guidelines for nickel (mg/kg).
 Land use 

 Agricultural
Residential/ 

Parkland Commercial Industrial 

Guidelinea 45 45 89 89 

SQGHH  Non-Cancer and 10-6 ILCR 

Limiting pathway for SQGHH 

 

SQGHH  Non-Cancer and 10-5 ILCR 

Limiting pathway for SQGHH 

200 

Ingestion and 
dermal contact

200 

Ingestion and 
dermal contact

200 

Ingestion and 
dermal contact 

200 

Ingestion and 
dermal contact 

310 

Ingestion and 
dermal contact 

310 

Ingestion and 
dermal contact 

1000 

Particulate inhalation
 

2500  

Off-site migration 

SQGE 

Limiting pathway for SQGE  

45 

Soil contact

45 

Soil contact 

89 

Soil contact 

89 

Soil contact 

Guideline derived in 1999 (original Ni SQG) 50 50 50 50 

Interim soil quality guideline criterion (CCME 1991) 150 100 500 500 

Notes: SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human health. ILCR = incremental lifetime cancer 
risk. 
aData are sufficient and adequate to calculate a SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two (CCME 2006). The 
original nickel soil quality guideline derived in 1999 (based on SQGE only) and the interim soil quality criteria (CCME 1991) are superseded by the 
2015 nickel soil quality guideline CCME (2015).  

The guidelines in this fact sheet are for general guidance only. Site-specific conditions should be considered in the application of these 
values. The values may be applied differently in various jurisdictions. Use of some values listed may not be permitted at the generic 
level in some jurisdictions. The reader should consult the appropriate jurisdiction before application of the values. 
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close to those of iron, magnesium, copper and zinc, can replace essential metals in metallo-enzymes 
and, thus, cause disruptions in metabolic pathways (McGrath 1995). 

In the environment, nickel can be found in a variety of inorganic and organic compounds, 
depending on such factors as the medium considered and ambient environmental conditions. In 
water, Ni2+ forms a number of compounds of varying solubilities with sulphate, nitrate, chloride, 
hydroxide and carbonate. Elemental nickel is insoluble in water (Cotton and Wilkinson 1988; WHO 
1991). 

Nickel is a commercially viable natural resource in Canada with industrial activities focussed in 
nickel mining, smelting and refining. Canada exports nickel and nickel products to over 70 countries 
worldwide (NRCan 2009) and is one of the top five producers of nickel in the world, responsible for 
approximately 10% of global nickel production (USGS 2011). Metallic nickel, sold in the form of 
cathodes, pellets, powders, briquettes, rondelles and coinage, is used in approximately 3000 alloys 
that have more than 250 000 applications (MAC 1991). For example, nickel-containing stainless 
steel is employed by chemical and food processing industries and in the medical profession. Iron-
nickel alloys are also important materials for the electric industry while nickel-copper alloys are 
used in shipbuilding. 

Nickel compounds are also useful in various industries (IPCS 1991). Nickel carbonate hydroxide is 
employed in plating and catalysis; nickel carbonate is an important electric component; anhydrous 
nickel chloride is used as an adsorbent in certain gas masks and in nickel plating; nickel hydroxide 
is an electrode material; nickel oxide is an important raw material in metallurgical operations for 
smelting and alloy-producing processes; nickel sulphate can be a catalyser or employed in 
electrolyte solution and jewellery; and nickel nitrate is employed by nickel-plating and nickel-
containing battery industries (WHO 1991). 

Nickel is naturally released into the Canadian surface waters, sediments and soils by weathering and 
erosion of geological materials (i.e. bedrock) (Painter et al. 1994; NRCC 1981). Natural sources of 
airborne nickel include soil dust, sea salt, volcanoes, forest fires and particulate exudates from 
vegetation (Warren and Delavault 1954; Schmidt and Andren 1980; NRCC 1981; Richardson et al. 
2001). Sea spray may be a major contributor to atmospheric nickel in coastal areas. Forest fires can 
be short-term but intense sources (Havas and Hutchinson 1983).  

In addition, nickel enters the aquatic environment in effluents and leachates as well as through 
atmospheric deposition from anthropogenic releases (Environment Canada (EC) 1994). Primary 
base metal production represents an important anthropogenic source in Canada (Environment 
Canada and Health Canada (EC and HC) 1994). Other major emitters were facilities in the mining, 
smelting, petroleum refining and manufacturing industries (EC 2007). Some minor atmospheric 
releases have also been attributed to the alloy production and the scrap reprocessing industries, to the 
incineration of municipal garbage and sewage sludge, to the manufacture of cement, to coke oven and 
cooling tower operations and to the mining/milling of asbestos (Jacques 1987; WHO 1991; EC and 
HC 1994).   

Globally, the largest anthropogenic releases are from fossil fuel (predominantly coal and oil) 
combustion and nickel mining and smelting (McGrath 1995). Virtually every industry will emit heavy 
metals via high temperature processes into the atmospheric, aquatic and terrestrial ecosystems (Wilson 
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et al. 1998). 

Anthropogenic nickel is found in a variety of compounds. The predominant form in nickel refineries is 
the relatively inert high-temperature green nickel oxide, whereas black nickel oxides are more 
chemically active. More complex and reactive nickel oxides are often formed as by-products of 
industrial processes, such as the processing of sulphidic ores (nickel subsulphide (Ni3S2) and nickel 
sulphide (NiS)) (Goodman 2011). 

Data on Canadian nickel concentrations in air as PM2.5 (particulate matter less than 2.5 µm in 
diameter) were provided by Environment Canada from the National Air Pollution Surveillance 
(NAPS). Based on ambient air samples collected across Canada from 2003 to 2009 from NAPS, the 
overall mean of urban and rural stations was 0.94 ng/m3 (HC 2011). Mean and median 
concentrations were found to be very similar for both rural and urban areas. 

Higher concentrations in total suspended particulates (TSP) have been reported in the vicinity of 
industrial sources of nickel (Brecher et al. 1989; Dobrin and Potvin 1992; OMOE 1992).  

Rasmussen et al. (2007) found that median nickel PM2.5 and PM10 levels in rural Ontario homes were 
slightly higher (0.7 and 1.5 ng/m3, respectively) in comparison to urban homes (0.6 and 1.0 ng/m3) in 
Ottawa. In rural areas, median outdoor air PM2.5 concentrations were slightly higher (1.0 ng/m3) than 
indoor air concentrations (0.7 ng/m3) but there was no difference between outdoor and indoor air 
concentrations measured in urban homes (0.6 ng/m3) (Rasmussen et al. 2006).  

Fergusson and Kim (1991) reported that the median concentration of nickel in house dust from 
various cities around the world was 40 mg/kg. Rasmussen et al. (2008) reported a median total nickel 
concentration of 41 µg/g in house dust based on dust samples collected from 22 residential homes in 
Ottawa, Ontario.  

Nickel is naturally present in soils as a result of chemical and mechanical weathering of rock to form 
soil. Nickel is present in granites, sandstones and limestones in concentrations ranging from 5 to 20 
mg/kg, but it can occur in high concentrations in ultramafic and mafic bedrock and soils overlying 
naturally enriched bedrock. Based on the distribution of nickel-enriched mafic and ultramafic 
bedrock in Canada, areas of naturally nickel-enriched soil likely exist throughout most of Canada 
(with the possible exception of the St. Lawrence River lowlands and the southern plain regions of 
Alberta and Saskatchewan) (Doyle 1991). 

For the purpose of this soil quality guideline, a mean total nickel concentration of 26.8 mg/kg 
calculated from background till data (excluding areas of nickel enriched rocks and nickel bearing 
mineral occurrences) compiled by the Geological Survey of Canada (Rencz et al. 2006; Grunsky 
2010) is considered to be representative of typical nickel concentrations in background soils in 
Canada. 

Concentrations of nickel in surface waters in Canada are typically below 2 µg/L. The reported range 
of concentrations for uncontaminated fresh waters in Canada is 1 to 10 µg/L, (NRCC 1981; Moore 
and Ramamoorthy 1984; Leger 1991). 

Based on Ni concentrations in drinking water from Ontario, Saskatchewan and Newfoundland and 
Labrador, an average concentration of 2.9 μg/L (n=12 251) was calculated (HC 2011). The data are 
based on Ni concentrations in treated water from the Ontario Drinking Water Surveillance Program 
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(DWSP) from 1998 to 2007, drinking water from Saskatchewan from 2000 to 2009 and tap water 
concentrations of Ni taken from public water supplies in Newfoundland and Labrador sampled from 
January 2000 to June 2009 (HC 2011).  

Concentrations of nickel in sediments from Canadian lakes varied from <10 to >4000 mg/kg dw 
(Bradley and Morris 1986; Bodo 1989). Background concentrations in Canadian freshwater 
sediments range from 2 to 50 mg/kg dw (Moore and Ramamoorthy 1984; Arafat and Nriagu 1986; 
Jackson 1988; Bodo 1989). Nickel in stream sediments collected in 2004 from 20 ecoregions in the 
Yukon ranged from 16.31 to 111.1 mg/kg and median concentrations ranged from 8 to 38 mg/kg 
(Garrett 2004). 

Various researchers have reported nickel concentrations measured in garden vegetables, fruits, fish, 
shellfish and wildlife. This information is summarised in CCME (2015). 

Environmental Fate and Behaviour in Soil 

Due to its use and release into the environment, nickel is distributed in the atmosphere, water, 
sediment, soils, and biota worldwide. The global distribution and the persistence of this metal 
suggests that cycling represents the most important process affecting nickel since an element cannot 
be degraded in the environment. As such, the fate of nickel is dependent on many physiochemical 
and biological factors that influence cycling among biotic and abiotic components of the 
environment. The most important of these factors are pH and the presence and abundance of organic 
materials, hydroxides, clay minerals, cations and complexing ligands (NRCC 1981). Nickel has a 
high affinity for negatively charged surfaces associated with clay minerals, hydroxides, organic 
compounds and carbonates. Consequently, it tends to be removed rapidly from solution. Although 
surface soils and aquatic sediments may act as temporary sinks for nickel, changes in environmental 
conditions have the potential to remobilise and transport it to other compartments of the ecosystem.   

Behaviour and Effects in Biota 

Soil Microbial Processes 

The toxicity of nickel to microorganisms in soil varies among a variety of soil types. Enhancement 
of clay content in soil increases its cation exchange capacity (CEC) and protects against nickel 
toxicity. Increasing soil pH was also reported to decrease the toxicity of nickel to several 
microorganisms such as eurobacteria, actinomycetes, yeasts and fungi (Babich and Stotzky 1982). 
Effect concentrations for soil microbial processes range from 6.6 to more than 1000 mg/kg (CCME 
2015). 

The addition of 294 mg Ni/kg to soil (as NiCl2) reduced nitrification and nitrogen mineralisation by 
17% (Liang and Tabatabai 1977; 1978). A concentration of 1000 mg/kg reduced nitrogen 
mineralisation by 36% and nitrification by 68% (Giashuddin and Cornfield 1978). 

Carbon mineralisation was also affected by the addition of nickel to soils. Carbon mineralisation 
decreased after a 2 to 6 week exposure to 10 mg Ni/kg of NiSO4 (the lowest exposure concentration 
tested) in sandy soil (Cornfield 1977). Brookes and McGrath (1984) reported a reduction in carbon 
mineralisation by 55% at nickel concentrations as low as 6.6 mg/kg in a sandy loam with unreported 
pH. In contrast, Bhuiya and Cornfield (1972) reported a 24% reduction in carbon mineralisation 
with a soil concentration as high as 1000 mg/kg. 
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Terrestrial Plants 

Nickel is essential for plant growth (Dixon et al. 1975; Brown et al. 1987a; 1987b; Aller et al. 1990; 
Salt et al. 2002); however, relatively high concentrations can have adverse effects on plants. 

Several authors have reported that nickel can affect the iron status of plants (Khalid and Tinsley 
1980; Adriano 2001). Toxicity may also be caused by nickel accumulating in cell cytoplasm and 
binding to cell components; nickel-tolerant plants are capable of flushing nickel from the cytoplasm 
to vacuoles (Salt et al. 2002). Effect levels are normally below 80 mg/kg dry weight (dw) of plant, 
but effects have been reported in tolerant plants containing up to 1000 mg/kg dw tissues (Brooks 
1980; Cox and Hutchinson 1981; Kabata-Pendias and Pendias 1984). Symptoms of injury were 
observed for a variety of vegetables containing as little as 15 to 95 mg Ni/kg dw in plant tops (Frank 
et al. 1982). For example, Bazzaz et al. (1974) reported that inhibition of photosynthesis and 
transpiration in sunflowers depended on the nickel concentration in leaves and the exposure period.  

Nickel toxicity to plants can be significantly affected by soil pH, with lower pH resulting in higher 
toxicity (Weng et al. 2004; Li et al. 2011). In a study of 16 European soils, soil cation exchange 
capacity was found to be the best soil property predictor for nickel toxicity to barley and tomato 
(Rooney et al. 2007). Some studies have shown that soil texture also affects nickel phytotoxicity; 
for example, clover was found to be more nickel-tolerant in fine soils than coarse soils (Elmosly and 
Abdel-Sabour 1997). Toxicity may also be affected by soil nutrients; for example, one study found 
that nickel was less toxic to sunflowers if both nitrate and ammonium were supplied than if only 
nitrate was supplied (Zornoza et al. 1999). 

Terrestrial Invertebrates 

Effect levels ranged from 20 to 40 000 mg/kg for two earthworm species (Eisenia foetida and 
Lumbricus rubellus). Using the same test (growth rate) and the same organism (Eisenia foetida), 
Malecki et al. (1982) reported effects of nickel acetate, nickel carbonate, nickel chloride, nickel 
nitrate, and nickel sulphate at concentrations ranging between 200 and 500 mg/kg while an effect 
level for nickel oxide, the least soluble, was as high as 40 000 mg/kg. Using a contact test (filter 
paper), Neuhauser et al. (1985) found similar results indicating that each of the soluble nickel salts 
tested (acetate, chloride, nitrate and sulphate) was not significantly different from any of the others. 
This contrasts with nematodes, for which nickel chloride has been observed to be more toxic than 
nickel nitrate (Peredney and Williams 2000). 

The toxicity of soil nickel to earthworms also depends on the influence of soil factors determining 
its bioavailability to earthworms. Concentration factors of heavy metals in earthworms were 
negatively correlated with the soil pH and CEC (Ma 1982). 

Vertebrates, Birds and Other Wildlife 

Mammals and birds are capable of accumulating nickel, and dietary exposure is probably the most 
important route under most circumstances. Upon ingestion, the absorption of nickel is influenced by 
many factors including solubility of the nickel compound, dose, age and diet. The absorption often 
results in relatively low bioaccumulation factors. Studies in rats, dogs and mice indicate that only 1 
to 10% of orally-administered nickel (Ni, NiCl2 and NiSO4) is absorbed by the gastrointestinal tract 
from diet or drinking water (Ho and Furst 1973; Schroeder et al. 1974; Ambrose et al. 1976). 
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Numerous studies on rats (Whanger 1973), ducks (Cain and Pafford 1981), livestock (O’Dell et al. 
1971; Spears et al. 1986) and wild mammals and birds (Rose and Parker 1983; Outridge and 
Scheuhammer 1993) have shown that nickel accumulates in the kidney of animals and birds after it 
is absorbed and distributed in the body.   

Animals have a high capability to eliminate absorbed nickel. The majority of nickel that is absorbed 
by animals is eliminated in urine. Feces appear to be the most important routes of elimination for 
unabsorbed nickel. Tedeschi and Sunderman (1957) noted that dogs excreted 90% of ingested nickel 
in feces and 10% in urine. 

No avian or mammalian species are known to biomagnify nickel in the environment. Studies 
comparing nickel concentrations in wildlife and their food reported that concentrations were either 
similar in different trophic levels or even declined with increasing trophic level (Scanlon 1987; 
Beyer and Miller 1990). Similarly, nickel concentrations measured in mouse carcasses from a 
wetland were less than the detection limit of 0.6 mg/kg, despite higher nickel concentrations being 
measured in food sources (Torres and Johnson 2001a); concentrations were also much lower than 
those predicted using published bioaccumulation models (Torres and Johnson 2001b).  

Health Effects in Humans and Experimental Animals  

High levels of exposure to nickel have been associated with a wide variety of effects that may 
include adverse gastrointestinal and neurological effects in various studies in both laboratory 
animals and people (mostly industrial workers) (ATSDR 2005). Nevertheless, the key concerns of 
health agencies are the potential effects of nickel on the developing fetus and respiratory cancer (EU 
2004; HC 1996; US EPA 1996; WHO 2000; 2007; EC 2001). 

In a study by SLI (2000), developmental effects (increased perinatal mortality and post-implantation 
loss) were noted in rats exposed to nickel sulphate during gestation. Based on this study, the Danish 
Environmental Protection Agency (DEPA) identified a No Observed Adverse Effect Level 
(NOAEL) of 1.1 mg/kg bw/day for perinatal lethality (EU 2004). Both WHO (2007) and EU (2008) 
used the NOAEL identified by the DEPA re-analyses of the SLI (2000) data and the NOAEL of 1.1 
mg/kg bw/day was used to develop the human health-based soil quality guideline (CCME 2015). 
Using an uncertainty factor of 100 (10-fold for interspecies differences and 10-fold for intraspecies 
differences), the Tolerable Daily Intake (TDI) for nickel was estimated to be 11 µg Ni/kg bw/day.  

With respect to cancer, there is adequate epidemiological evidence indicating that nickel may act as 
a carcinogen via the inhalation route. In an epidemiological cohort study, Doll et al. (1990) provided 
evidence that exposure to high concentrations of "soluble", "oxidic", or "sulphidic" nickel resulted 
in increased mortality of workers due to lung and nasal cancer. Based on this study, Health Canada 
(1996) estimated TC05 of 40 µg Ni/m3 (tumourigenic concentration resulting in a 5% increase in 
tumour incidence) for exposure to combined oxidic, sulphidic and soluble nickel. In the calculation 
of cancer potency, Health Canada (1996) reported that lung cancer was a more sensitive endpoint 
than nasal cancer. This TC05 corresponds to a unit risk value of 1.3 x 10-3 µg Ni/m3 and risk specific 
concentrations of 0.0008 µg/m3 for an incremental lifetime cancer risk of 1 x 10-6 and of 0.008 
µg/m3 for an incremental lifetime cancer risk of 1 x 10-5. 

Non-cancer effects associated with inhalation of nickel include lung lesions such as alveolitis, 
chronic lung inflammation, alveolar macrophage hyperplasia and atrophy of the nasal olfactory 
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epithelium (NTP 1996a; 1996b). An inhalation tolerable concentration (TC) of 0.02 µg Ni/m3 for 
both nickel sulphate and nickel oxide was adopted based on a weight of evidence approach using 
information from Environment Canada and Health Canada (1994), ATSDR (2005) and European 
Commission (2001; 2007).  

Guideline Derivation 

Canadian soil quality guidelines are derived for different land uses following the process outlined in 
CCME (2006) using different receptors and exposure scenarios for each land use (Table 1). Detailed 
derivations for these soil quality guidelines are provided in CCME (2015). 

Soil Quality Guidelines for Environmental Health 

Environmental soil quality guidelines (SQGE) are primarily based on soil contact using data from 
toxicity studies on plants and invertebrates. In the case of agricultural land, soil and food ingestion 
toxicity data for mammalian and avian species are included to protect foraging livestock and 
wildlife. To provide a broader scope of protection, a nutrient and energy cycling check is calculated 
for all land uses to protect critical microbial processes. For commercial and industrial land uses, an 
off-site migration check is also calculated to prevent contamination of adjacent and more sensitive 
land uses. The soil contact and nutrient and energy cycling guidelines are applicable to soils within 
the pH range of 4.0 to 8.6, as the toxicological studies upon which these guidelines are based were 
conducted within this pH range.  

Soil quality guidelines for the protection of aquatic life, livestock watering, or irrigation water, were 
not derived because these guidelines apply to soluble organic contaminants only. Concerns about 
soil based inorganic contaminants impacting water resources should be addressed on a site-specific 
basis. 

For agricultural land use, the lower of the soil quality guideline for soil contact, soil and food 
ingestion, or nutrient and energy cycling is recommended as the SQGE. Therefore, the SQGE for 
agricultural land use is based on soil contact (Table 2). 

For residential/parkland land use for contaminants that do not bioaccumulate and/or biomagnify 
(e.g., nickel), the SQGE is based on the lower of the soil quality guideline for soil contact or nutrient 
and energy cycling. Therefore, the SQGE for residential/parkland land use is based on soil contact 
(Table 2). 

For commercial and industrial land uses, the lower of the soil quality guideline for soil contact or 
nutrient and energy cycling is recommended as the SQGE. The SQGE may also be modified by the 
environmental off-site migration check. The SQGE for commercial and industrial land uses are 
based on soil contact (Table 2).  

Soil Quality Guidelines for Human Health 

Human health soil quality guidelines (SQGHH) for nickel require consideration of both the non-
carcinogenic and carcinogenic properties of nickel. For protection of non-cancer effects, the 
development of Canadian soil quality guidelines is typically based on 20% of the residual tolerable 
daily intake (i.e., 20% x [TDI minus the Estimated Daily Intake or EDI]); however, in the case of 
nickel, the EDI is greater than the TDI and this calculation results in a residual TDI that is a 
negative value for agricultural, residential/parkland and commercial land use. In these cases, a 
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provisional SQGHH is typically set at the background soil concentration (CCME 2006). 
Alternatively, the SQGHH can be based on an exposure that is the lower of either (i) 10% of the EDI; 
or (ii) 20% of the TDI (CCME 2015). In the case of nickel, the SQGHH was developed based on 
10% of the EDI. 

Since nickel may act as a carcinogen via the inhalation route, the development of SQGHH also 
considered the protection against cancer risks for soil-based airborne dust particles that can be 
inhaled. Specifically, non-threshold (carcinogenic) substances require the development of SQGHH 
that employ a critical risk-specific dose (RsD), based on incremental lifetime cancer risks (ILCRs) 
from exposure to nickel in soil via inhalation of airborne dust. For all land uses, the adult was 
chosen as the receptor when considering lifetime cancer risk. Some jurisdictions in Canada have 
adopted an “essentially negligible” ILCR of 1 x 10-5 (or 1 in 100 000) for managing risks of 
carcinogenic substances, while other jurisdictions use an ILCR of 1 x 10-6 (or 1 in 1 000 000). In 
light of this, soil quality guideline calculations were undertaken using both a 1 x 10-5 and 1 x 10-6 
ILCR.  

Various check mechanisms are applied, if relevant, to the preliminary human health soil quality 
guidelines in order to provide them with a broader scope of protection, such as the potential to 
adversely impact groundwater, agricultural crops and livestock. 

The SQGHH derived for nickel for the protection of non-cancer effects are: 200 mg/kg for 
residential/parkland use and agricultural land use, 310 mg/kg for commercial land use and 2500 
mg/kg for industrial land use based on a check mechanism for off-site migration of eroded soil 
deposited from commercial and industrial land use onto adjacent agricultural land. For the 
protection of cancer risks (i.e., via inhalation of fugitive dust), the human health-based soil quality 
guidelines for nickel are: 10 000 mg/kg for all land uses based on an incremental lifetime cancer 
risk (ILCR) of 1 x 10-5. For an ILCR of 1 x 10-6, the human health-based soil quality guideline for 
the inhalation of fugitive dust is 1000 mg/kg for all four land uses. Consequently, the non-cancer 
endpoints were the most conservative values and were used as the SQGHH for all land uses except 
for industrial sites that require protection of cancer risks at an ILCR of 1 x 10-6. 

The SQGHH is set at the lowest of the human health guidelines and checks. Based on this, the overall 
SQGHH derived for agricultural and residential/parkland uses is 200 mg/kg, and 310 mg/kg for 
commercial land use, based on direct contact. For industrial land use the SQGHH are 2500 mg/kg, 
based on the off-site migration check when an ILCR of 10-5 is selected and 1000 mg/kg, based on an 
ILCR of 10-6. 

A check mechanism for produce, meat and milk was not carried out, since the produce, meat and 
milk check pertains to substances that are expected to bioconcentrate or biomagnify. It is noted that 
the SQGHH above are considered to be protective at most sites; however certain exposure pathways 
have not been evaluated in the development of the SQGHH. More specifically, the SQGHH have not 
evaluated garden produce consumption or drinking water consumption (see footnotes in Table 2). 
The SQG derivation did not identify a dermal toxicity reference value which would be protective of 
people with dermal allergies to nickel, and the oral toxicity reference value which is used in the 
equations does not account for this endpoint. 
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Soil Quality Guidelines for Nickel 

The soil quality guidelines are intended to be protective of both environmental and human health. 
The soil quality guidelines are the lower of the SQGE and SQGHH. For all land use categories, the 
soil quality guideline for nickel is based on the SQGE (Table 1). The interim soil quality criteria 
(CCME 1991) and previous soil quality guidelines for nickel (EC 1999) are replaced by the SQGs 
recommended here.  

CCME (2006) provides guidance on potential modifications to the recommended soil quality 
guideline when setting site-specific objectives.  
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Table 2. Soil Quality Guidelines for Nickel (mg/kg) 

 Land use 

 Agricultural Residential/ 
Parkland Commercial Industrial 

Guideline 
45a 45a 89a 89a 

Human health guidelines/check values     

SQGHH  Non-Cancer and 10-6 ILCR 200 200 310 1000b 

SQGHH  Non-Cancer and 10-5 ILCR 200 200 310 2500c 

Direct contact guideline (ingestion and dermal) 200 200 310 5100 

Direct contact guideline (particulate inhalation)d     

10-6 ILCR 1000 1000 1000 1000 

10-5 ILCR 10 000 10 000 10 000 10 000 

Threshold 5300 5300 19 000 19 000 

Groundwater check (drinking water) NCe NCe NCe NCe 

Produce, meat and milk check NCf NCf - - 

Off-site migration check - - 2500 2500 

Environmental health guidelines/check values     

SQGE 45 45 89 89 

Soil contact guideline 45 45 89 89 

Soil and food ingestion guideline 528 - - - 

Nutrient and energy cycling check 171 171 235 235 

Off-site migration check - - 287 287 

Groundwater check (aquatic life) NCe NCe NCe NCe 

Guideline derived in 1999 (original Ni SQG) 50 50 50 50 

Interim Soil Quality Criteria (CCME 1991) 150 100 500 500 

Notes: NC = not calculated; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human health; ILCR = 
incremental lifetime cancer risk. The dash indicates a guideline/check value that is not part of the exposure scenario for this land use and therefore is not 
calculated. 

aData are sufficient and adequate to calculate a SQGE and SQGHH for this land use. Therefore the soil quality guideline is the lower of the two (CCME 
2006). The original nickel soil quality guideline derived in 1999 (based on SQGE only) and the interim soil quality criteria (CCME 1991) are 
superseded by the nickel soil quality guideline (CCME 2015). 

bThe SQGHH is set at the non-threshold guideline for particulate inhalation because it is the lowest of the of the human health guidelines and check 
mechanisms for this land use at an ILCR of 1 in 1 000 000. 

cThe SQGHH is set at the off-site migration check value because it is the lowest of the human health guidelines and check values for this land use at an 
ILCR of 1 in 100 000. 

dInhalation pathway was developed for combined soluble, oxidic and sulphidic nickel. 
e Applies to organic compounds and is not calculated for metal substances. Concerns about metal substances should be addressed on a site specific basis.
f Applies to non-polar organic compounds and is not calculated for metal substances. Concerns about metal substances should be addressed on a site 

specific basis. 

 



Canadian Soil Quality Guidelines for the  
Protection of Environmental and Human Health  
 

NICKEL

 

 11 

References 
Adriano, D.C. 2001. Trace elements in the terrestrial environments: Biogeochemistry, bioavailability and risk assessments. Springer-Verlag, Berlin 

Heidelberg. 2nd edition. 
Al-Khafaji, A.A. and M.A. Tabatabai. 1979. Effects of trace elements on arylsulfatase activity in soils. Soil Sci. 127: 129-133. 
Aller, A.J., J.L. Bernal, M.J. Del nozal and L. Deban. 1990. Effect of selected trace elements on plant growth. J. Sci. Food Agric. 51: 447-479. 
Ambrose, A.M., P.S. Larson, J.R. Borzelleca and G.R. Hennigar Jr. 1976. Long term toxicologic assessment of nickel in rats and dogs. J. Food Sci. 

Technol. 13: 181-187.  
Arafat, N. and J.O. Nriagu. 1986. Simulated mobilization of metals from sediments in response to lake acidification. Water Air Soil Pollut. 31: 991-

998. 
ATSDR (Agency for Toxic Substances and Disease Registry). 2005. Toxicological Profile for Nickel. Atlanta, Georgia, US Department of Health and 

Human Services, Public Health Service. Available at: http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=245&tid=44  
Babich, H. and G. Stotsky. 1982. Toxicity of nickel to microorganisms in soil: Influence of some physicochemical characteristics. Environ. Pollut. 29: 

303-315. 
Bazzaz, F.A., R.W. Carlson and G.L. Rolfe. 1974. The effect of heavy metals on plants: Part I. Inhibition of gas exchange in sunflower by Pb, Cd, Ni 

and Tl. Environ. Pollut. 7: 241-246. 
Beyer, W.N. and G. Miller. 1990. Trace elements in soil and biota in confined disposal facilities for dredged material. Environ. Pollut. 65: 19-32. 
Bhuiya, M.R.H. and A.H. Cornfield. 1972. Effects of addition of 1000 ppm Cu, Ni, Pb, and Zn on carbon dioxide release during incubation of soil 

alone and after treatment with straw. Environ. Pollut. 3: 173-177. 
Bodo, B.A. 1989. Heavy metals in seawater and suspended particulates from an urban basin impacting Lake Ontario. Sci. Total Environ. 87/88: 329-

344. 
Bradley, R.W. and J.R. Morris. 1986. Heavy metals in fish from a series of metal-contaminated lakes near Sudbury, Ontario. Water Air Soil Pollut. 27: 

341-354. 
Brecher, R.W., M. Austen, H.E. Light and E. Stepien. 1989. Eco Logic Inc., Contract report for the Environmental Substances Division, 

Environmental Health Centre, Health and Welfare Canada, Ottawa, ON, Canada, 146 pp. 
Brookes, P.C. and S.P. McGrath. 1984. Effects of metal toxicity on the size of the soil microbial biomass. J. Soil. Sci. 35: 341-346. 
Brooks, N.N. 1980. Accumulation of nickel by terrestrial plants. In: Nriagu, J.O. [ed.], Nickel in the Environment, Wiley and Sons, New York. 
Brown, P.H., R.M. Welch, E.E. Cary and T. Chechai. 1987a. Beneficial effects of nickel on plant growth. J. Plant Nutr. 10: 2125-2135. 
Brown, P.H., R.M. Welch and E.E. Cary. 1987b. Nickel: a micronutrient essential for higher plants. Plant Physiol. 85: 801-803. 
Cain, B.W. and E.A. Pafford. 1981. Effects of dietary nickel on survival and growth of mallard ducklings. Environ. Contam. Toxicol. 10: 737-745. 
CCME (Canadian Council of Ministers of the Environment). 1991. Interim Canadian environmental quality criteria for contaminated sites. CCME, 

Winnipeg, MB. 
CCME. 2006. A Protocol for the Derivation of Environmental and Human Health Soil Quality Guidelines. ISBN-10 1-896997 - 45-7 PDF, ISBN-13 

978-1-896997 -45-2 PDF. CCME. Winnipeg, MB. 
CCME. 2015. Canadian Soil Quality Guidelines for Nickel: Protection of Environmental and Human Health Scientific Supporting Document. CCME. 

Winnipeg, MB. 
Cornfield, A.H. 1977. Effects of addition of 12 metals on carbon dioxide release during incubation of an acid sandy soil. Geoderma 19:199-203. 
Cotton, F.A. and G. Wilkinson. 1988. Advanced Inorganic Chemistry: A Comprehensive Text, 5th edition. Wiley-Interscience, New York, NY. In: 

(EC and HC). 1994. Priority Substances List Assessment Report: Nickel and its Compounds. Canadian Environmental Protection Act. 
Ministry of Supply and Services Canada Catalogue No. En 40-215/43E. 82 pp.  

Cox, R.M. and T.C. Hutchinson. 1981. Environmental factors influencing the rate of spread of the grass Deschampsia Cespitosa invading areas 
around the Sudbury nickel-copper smelters. Water Air Soil Pollut. 16: 83-106. 

Dixon, N.E., C. Gazzola, R.L. Blakely and B. Zerner. 1975. Jack bean urease (EC3.5.1.5). A metalloenzyme. A simple biological role for nickel. J. 
Am. Chem. Soc. 97: 4131-4133. 

Dobrin, D.J. and R. Potvin. 1992. Air Quality Monitoring Studies in the Sudbury Area: 1978 to 1988. Ontario Ministry of the Environment, Technical 
Assessment Section, Northeastern Region, Toronto, Ontario. PIBS 1870 ISBN 0-7729-8724-6. In: Government of Canada (EC and HC). 
1994. Priority Substances List Assessment Report: Nickel and its Compounds. Canadian Environmental Protection Act. Ministry of Supply 
and Services Canada Catalogue No. En 40-215/43E. 82 pp. Available at: http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/psl1-
lsp1/compounds_nickel_composes/index-eng.php 

Doelman, P. and L. Haanstra. 1986. Short- and long-term effects of heavy metals on urease activity in soils. Biol. Fertil. Soils 2: 213-218. 
Doelman, P. and L. Haanstra. 1989. Short- and long-term effects of heavy metals on phosphatase activity in soils: An ecological dose-response model 

approach. Biol. Fertil. Soils. 8:235-241. 
Doll, R, A. Andersen, W.C. Cooper, I. Cosmatos, D.L. Cragle, D. Easton, P. Enterline, M. Goldberg, L. Metcalfe, T. Norseth, J. Peto, J-P Rigaut, P. 

Roberts, S.K. Seilkop, H. Shannon, F. Speizer F, F.W. Sunderman, Jr., P. Thornhill, J.S. Warner, J. Weglo and M. Wright. 1990. Report of 
the International Committee on Nickel Carcinogenesis in Man. Scand. J. Work Environ. Health. 16: 1-82. 

Doyle, P. 1991. Nickel and chromium in Canadian soil: Natural variations and anthropogenic additions, Contract Report with Environment Canada. 
Geological Survey of Canada, Ottawa, ON, 16 pp. 

EC (European Commission). 2001. European Commission DG Environment. Ambient Air Pollution by As, Cd and Ni compounds. Position Paper. 
Final Version. Working Group on Arsenic, Cadmium and Nickel Compounds. Available at: 
http://www.ec.europa.eu/environment/air/pdf/pp_as_cd_ni.pdf (October 2000). 

Elmosly, W.A. and M.F. Abdel-Sabour. 1997. Transfer characteristics and uptake of nickel by red clover grown on nickel amended alluvial soils of an 
arid zone. Agri, Ecosystems Environ. 65(1): 49-57. 

Environment Canada (EC). 1994. Priority Substances List Supporting Documentation - Environmental Sections: Nickel and its Compounds. Canadian 
Environmental Protection Act. June 22, 1994. 

Environment Canada (EC). 1999. Canadian Soil Quality Guidelines for Nickel: Environmental Effects. Scientific Supporting Document. December 
1999. National Guidelines and Standards Office, Environment Canada. 



Canadian Soil Quality Guidelines for the 
Protection of Environment and Human Health 
 

NICKEL

 

 12 

Environment Canada (EC). 2007. National Pollutant Release Inventory (NPRI). Available at: http://www.ec.gc.ca/inrp-npri/  
Environment Canada and Health Canada. 1994. Priority Substances List Assessment Report: Nickel and its Compounds. Canadian Environmental 

Protection Act. Ministry of Supply and Services Canada Catalogue No. En 40-215/43E. 82 pp. Available at: http://www.hc-sc.gc.ca/ewh-
semt/pubs/contaminants/psl1-lsp1/compounds_nickel_composes/index-eng.php  

Eur Comm, 2007. Air Quality Standards Eur Comm DG Environment. Available at: http://ec.europa.eu/environment/air/quality/standards.htm. 
EU (European Union). 2004. Nickel sulphate risk assessment. Draft RAR. Prepared by the Danish Environmental Protection Agency for the European 

Union. EC#232-104-9.  
EU. 2008. European Union risk assessment report - nickel and nickel compounds. Section 3.2 Effects Assessment. Final Version May 30, 2008. 
Fergusson, J.E. and N.D. Kim. 1991. Trace elements in street and house dusts: sources and speciation. Sci. Total Environ. 100: 125-150.   
Frank, R., K.I. Stonefield and P. Suda. 1982. Impact of nickel contamination on the production of vegetables on an organic soil, Ontario, Canada, 

1980-1981. Sci. Total Environ. 26: 41-65. 
Garrett, R. 2004 pers. com. Summary statistics for nickel concentrations in stream sediment according to EcoRegion and EcoDistrict. Data on nickel 

concentrations in Prairie and Ontario soils. Natural Resources Canada (NRCan), Ottawa, ON. Personal communication from Dr. Robert 
Garrett on February 13, 2004.  

Giashuddin, M. and A.H. Cornfield. 1978. Incubation study on effects of adding varying levels of nickel (as sulphate) on nitrogen and carbon 
mineralisation in soil. Environ. Pollut. 15: 231-234. 

Goodman, J.E. 2011. Nickel metal not associated with lung cancer risk. American Journal of Industrial Medicine. 54(5): 419. 
Grunsky, E.C. 2010. Geochemical Background in Soil and Till from Selected Areas Across Canada, including New Brunswick and the Maritime 

Provinces Soil Survey. Part 1: Till Geochemistry from Selected Areas in Canada. Geological Survey of Canada, Natural Resources Canada. 
Havas, M. and T.C. Hutchinson. 1983. The smoking hills: natural acidification of an aquatic ecosystem. Nature. 301: 23-27. 
Haynes, W.M. [ed.]. 2011. Section 4. Properties of the elements and inorganic compounds in CRC Handbook of Chemistry and Physics, 91st Edition 

(Internet Version 2011). CRC Press/Taylor and Francis, Boca Raton, FL. Available at: http://www.hbcpnetbase.com/ Accessed August 16 
2011. 

HC (Health Canada). 1996. Health-Based Tolerable Daily Intakes/Concentrations and Tumorigenic Doses/Concentrations for Priority Substances. 
ISBN 0-662-24858-9. Health Canada, Ottawa, ON. 

HC. 2011 Draft. Estimated Daily Intake Development Methodology Nickel. Health Canada, Contaminated Sites Division. 
Ho, W. and A. Furst. 1973. Nickel excretion by rats following a single treatment. Proc. West Pharmacol. Soc. 16: 245-248. 
IPCS (International Program on Chemical Safety). 1991. Environmental Health Criteria Series #108: Nickel. World Health Organization, Geneva, 

Switzerland, ISB 92-4-157108, 383+ pp. Available at: http://www.inchem.org/documents/ehc/ehc/ehc108.htm 
Jackson, M.B. 1988. The dominant attached filamentous algae of Georgian Bay, the North Channel and eastern Lake Huron: Field ecology and 

biomonitoring potential during 1980. Hydrobiol. 163: 149-171. 
Jacques, A.P. 1987. Summary of emissions of antimony, arsenic, cadmium, chromium, copper, lead, manganese, mercury and nickel in Canada. 

Conservation and Protection, Environment Canada, Ottawa. Unpubl. rep.  
Kabata-Pendias, A. and H. Pendias. 1984. Trace elements in soils and plants. CRC Press Inc., Boca Raton, Florida. 315pp 
Khalid, B.Y. and J. Tinsley. 1980. Some effects of nickel toxicity on rye grass. Plant Soil 55: 139-144. 
Leger, D.A. 1991. Data summary report on nickel in Atlantic Canada (1973-1990). Environment Canada, Inland Water Directorate, Water Quality 

Branch, Moncton, NB, Canada, IWD-AR-WQR-91-60, 32 pp. 
Li, B., H. Zhang, Y. Ma, and M.J. McLaughlin. 2011. Influences of soil properties and leaching on nickel toxicity to barley root elongation. 

Ecotoxicology and Environmental Safety, 74, pp.459-466. 
Liang, C.N. and M.A. Tabatabai. 1977. Effects of trace elements on nitrogen mineralization in soils. Environ. Pollut. 12: 141-147. 
Liang, C.N. and M.A. Tabatabai. 1978. Effects of trace elements on nitrification in soils. J. Environ. Qual. 7: 291-293. 
Ma, W.C. 1982. The influence of soil properties and worm-related factors on the concentration of heavy metals in earthworms. Pedobiologia 24: 109-

119. 
MAC (Mining Association of Canada). 1991. Mining in Canada: Facts and figures. Ottawa, ON. 48 pp. 
Malecki, M.R., E.F. Neuhauser and R.C. Loehr. 1982. The effect of metals on the growth and reproduction of Eisenia foetida (Oligochaeta, 

Lumbricidae). Pedobiologia 24: 129-137. 
McGrath, S.P. 1995. Nickel In: Alloway, B.J. [ed.] Heavy Metals in Soils  Blackie Academic & Professional, London. pp 152-174. 
Moore, J.W. and S. Ramamoorthy. 1984. Heavy metals in natural waters: Applied monitoring and impact assessment, Springer-Verlag, New York, 

268 pp. 
Neuhauser, E.F., R.C. Loehr, D.L. Milligan and M.R. Malecki. 1985. Toxicity of metals to the earthworm Eisenia foetida. Biol. Fert. Soils. 1: 149-

152. 
NRCan (Natural Resources Canada). 2009. Canadian Minerals Yearbook (CMY) - 2009 Nickel. Minerals and Metals Sector, Natural Resources 

Canada. Available at: www.nrcan.gc.ca/mining-materials/markets/canadian-minerals-yearbook/2009/8466  
NRCC (National Research Council of Canada). 1981. Effects of nickel in the Canadian environment. Rep. No. 18568. National Research Council of 

Canada. Associate Committee on Scientific Criteria for Environmental Quality. 
NTP (National Toxicology Program). 1996a. Toxicology and carcinogenesis studies of nickel sulfate hexahydrate (CAS NO. 10101-97-0) in F344/N 

rats and B6C3F1 mice (Inhalation Studies). U.S. DHHS. NTP TR 454. NIH Publication No. 96-3370. 
NTP. 1996b. Toxicology and carcinogenesis studies of nickel oxide (CAS NO. 1313-99-1) in F344/N rats and B6C3F1 mice (Inhalation Studies). U.S. 

DHHS. NTP TR 451. NIH Publication No. 96-3367.  
O’Dell, G.D, W.J. Miller, S.L. Moore, W.A. King, J.C. Ellers and H. Jurecek. 1971. Effect of dietary nickel level on excretion and nickel content of 

tissues in male calves. J. Animal Sci. 32: 769-773. 
OMOE (Ontario Ministry of the Environment). 1992. Air Quality in Ontario: 1990. Queen’s Printer for Ontario. ISSN 0840-9366, PIBS 1804-01/02, 

A86-A88. Cited in: EC and HC. 1994. Priority Substances List Assessment Report: Nickel and its Compounds. Canadian Environmental 
Protection Act. Ministry of Supply and Services Canada Catalogue No. En 40-215/43E. 82 pp. 

Outridge, P.M. and A.M. Scheuhammer. 1993. Bioaccumulation and toxicology of nickel: implications for wild mammals and birds. Environ. Rev. 1: 
172-197. 



Canadian Soil Quality Guidelines for the  
Protection of Environmental and Human Health  
 

NICKEL

 

 13 

Painter, S., E.M. Cameron, R. Allan and J. Rouse. 1994. Reconnaissance geochemistry and its environmental relevance. J. Geochem. Explor. 51(3): 
213-246. 

Peredney, C.L. and P.L. Williams. 2000. Comparison of toxicological effects of nitrate versus chloride metallic salts on Caenorhabditis elegans in 
soil. In: Environmental Toxicology and Risk Assessment: Recent Achievements in Environmental Fate and Transport. West Conshohocken, 
PA: American Society for Testing and Materials. 

Rasmussen, P.E., S. Beauchemin, M. Nugent, R. Dugandzic, M. Lanouette and M. Chernier. 2008. Influence of matrix composition on the 
bioaccessibility of copper, zinc, and nickel in urban residential dust and soil HERA 14(2): 351-371.  

Rasmussen, P.E., R. Dugandzic, N. Hassan, J. Murimboh and D.C. Grégoire. 2006. Challenges in quantifying airborne metal concentrations in 
residential environments. Can. J. Analytic. Sci. Spectro. 51: 1-8. 

Rasmussen, P.E., A.J. Wheeler, N.M. Hassan, A. Filiatreault and M. Lanouette. 2007. Monitoring personal, indoor, and outdoor exposures to metals in 
airborne particulate matter: Risk of contamination during sampling, handling and analysis. Atmosp. Environ. 41: 5897-5907 

Rencz, A.N, R. G. Garrett, S.W. Adcock and G.F. Bonham-Carter. 2006. Geochemical Background in Soil and Till. Geological Survey of Canada 
Open File 5084. Available at: 
http://geoscan.nrcan.gc.ca/starweb/geoscan/servlet.starweb?path=geoscan/downloade.web&search1=R=222148  

Richardson, G.M., R. Garrett, I. Mitchell, M. Mah-Paulson and T. Hackbarth. 2001. Critical review on natural global and regional emissions of six 
trace metals to the Atmosphere. International Lead-Zinc Research Organization (ILZRO), International Copper Association (ICA) and Nickel 
Producers Environmental Research Association (NiPERA). 

Rooney, C.P., F.J. Zhao and S.P. McGrath. 2007. Phytotoxicity of nickel in a range of European soils: Influence of soil properties, Ni solubility and 
speciation. Environmental Pollution, 145(2), pp.596-605.  

Rose, G.A. and G.H. Parker. 1983. Metal contents of body tissues, diet items, and dung of ruffed grouse near Sudbury, Ontario, Canada. Can. J. Zool. 
61: 505-511. 

Salt, D.E., R.C. Prince and I.J. Pickering. 2002. Chemical speciation of accumulated metals in plants: evidence from X-ray absorption spectroscopy. 
Microchem. J. 71(2-3): 255-259. 

Scanlon, P.F. 1987. Heavy metals in small mammals in roadside environments: implications for food chains. Sci. Total Environ. 59: 317-323. 
Schmidt, J.A. and A.W. Andren. 1980. The atmospheric chemistry of nickel. In: Nriagu, J.O. [ed.]. Nickel in the Environment. John Wiley and Sons, 

New York, 93-135. 
Schroeder, H.A., M. Mitchener and A.P. Nason. 1974. Life-term effects of nickel in rats: Survival, tumors, interactions with traces elements and tissue 

levels. J. Nutr. 104: 239-243. 
Scott, D.E., W.A. Dick and M.A. Tabatabai. 1985. Inhibition of pyrophosphatase activity in soils by trace elements. Soil Sci. 139: 112-117. 
SLI (Springborn Laboratories Inc). 2000. An oral (gavage) two-generation reproduction toxicity study in Sprague-Dawley rats with nickel sulphate 

hexahydrate. Prepared by Springborn Laboratories Inc., Spencerville, Ohio for Nickel Producers Environmental Research Association, 
Durham, NC. 

Spears, J.W., R.W. Harvey and L.J. Samsell. 1986. Effects of dietary nickel and protein on growth, nitrogen metabolism and tissue concentrations of 
nickel, iron, manganese and copper in calves. J. Nutr. 116: 1873-1882. 

Tedeschi, R.E. and F.W. Sunderman. 1957. Nickel poisoning. V. The metabolism of nickel under normal conditions and after exposure to nickel 
carbonyl. A.M.A. Arch. Ind. Health 16: 486. 

Torres, K. C. and M. L. Johnson. 2001a. Bioaccumulation of metals in plants, arthropods, and mice at a seasonal wetland. Environ. Toxicol. Chem. 
20(11): 2617-2626. 

Torres, K. C. and M. L. Johnson. 2001b. Testing of metal bioaccumulation models with measured body burdens in mice. Environ. Toxicol. Chemistry 
20(11): 2627-2638. 

US EPA (United States Environmental Protection Agency). 1996. Integrated Risk Information System (IRIS) Database. U.S. Environmental 
Protection Agency. Washington, DC. Available at: http://www.epa.gov/ncea/iris/subst/0271.htm  

USGS (United States Geological Survey). 2011. Mineral commodity Summaries. http://minerals.usgs.gov/minerals/pubs/commodity/nickel/ (January 
2011). 

Warren, H.V. and R.E. Delavaut. 1954. Variations in the nickel content of some Canadian trees. Transactions of the Royal Society of Canada, XLVIII: 
71-74. 

Weng, L. P., A. Wolthoorn, T.M. Lexmond, E.J. Temminghoff and W.H. van Riemsdijk. 2004. Understanding the effects of soil characteristics on 
phytotoxicity and bioavailability of nickel using speciation models. Environ. Sci. Technol. 38(1): 156-162. 

Whanger, P.D. 1973. Effects of dietary nickel on enzyme activities and mineral contents in rats. Toxicol. Appl. Pharmacol. 25: 323-331. 
WHO (World Health Organization). 1991. Environmental Health Criteria 108: Nickel. International Programme on Chemical Safety. Geneva. 383 pp. 

Available at: http://www.inchem.org/documents/ehc/ehc/ehc108.htm 
WHO. 2000. Air Quality Guidelines Second Edition. Copenhagen, Denmark, World Health Organization, Geneva, Switzerland. 
WHO. 2007. Nickel in Drinking Water: Background document for development of WHO Guidelines for Drinking-water Quality. World Health 

Organization, Geneva, Switzerland. WHO/SDE/WSH/07.08/55. Available at: 
http://www.who.int/water_sanitation_health/gdwqrevision/nickel2ndadd.pdf 

Wilson, S., J. Murray and H. Huntington. 1998. AMAP Assessment Report: Arctic Pollution Issues. Arctic Monitoring and Assessment Programme, 
Oslo, Norway. 

Zornoza, P., S. Robles and N. Martin. 1999. Alleviation of nickel toxicity by ammonium supply to sunflower plants. Plant and Soil. 208(2): 221-226. 
 

Reference listing: 
 
Canadian Council of Ministers of the Environment. 2015. Canadian soil quality guidelines for the 

protection of environmental and human health: nickel (2015). In: Canadian environmental 
quality guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg. 



Canadian Soil Quality Guidelines for the 
Protection of Environment and Human Health 
 

NICKEL

 

 14 

 
For further scientific information, contact:  
 
Environment Canada 
National Guidelines and Standards Office  
200 Sacré-Cœur Blvd.  
Gatineau, QC K1A 0H3 
Phone:     (819) 953-1550 
E-mail:     ceqg-rcqe@ec.gc.ca 
 
 Aussi disponible en français. 
  
© Canadian Council of Ministers of the Environment 2015 
Excerpt from Publication No. 1299; ISBN 1-896997-34-1 


