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vanadium (V) in Canada for the protection of reducing agents and are readily oxidized in air (API
environmental health (Table 1). A supporting 1985). Vanadium (+4) and vanadium (+5) are usually
scientific document is also available (Environment found bonded to oxygen as a negatively charged
Canada 1996). polymeric oxyanion that tends to complex with
polarizable ligands such as phosphorus and sulphur
(WHO 1988). Vanadium (+5) is reduced to vanadium
Background Information (+4) by relatively mild reducing agents. Nearly all
complexes of vanadium (+4) are anionic and a few are
Vanadium (CAS 7440-62-2) is a transition metal with an nonelectrolytes. Vanadium in this oxidation state forms a
atomic number of 23 and an atomic weight of 50.94. It is alarge number of five or six coordinate complexes, such as
silvery-white ductile metal with two naturally occurring vanadyl acetylacetonate and vanadyl porphyrins, which
isotopes. Like other elements in the transition group,are found in crude petroleum. Vanadium’'s ability to be
vanadium forms numerous and frequently complicatedeither an electronegative or an electropositive metal
compounds because of its many valence states, which magsults in a great variety of chemical compounds. In fact,
range from +2 to +5, with +5 being the principle oxidation vanadium is second only to carbon in the number of
state (Lagerkvist et al. 1986). Vanadium can act as a metathemical compounds it is able to form (WHO 1988). Pure
or nonmetal and can form both cationic and anionic saltsyanadium is very resistant to corrosion in simple aerated
but the exact nature of many of its ions in aqueoussaline solutions. It is amphoteric and basic at the lower
solution in still unknown. oxidation states and acidic in the higher ones.

This fact sheet provides soil quality guidelines for Vanadium (+2) and vanadium (+3) salts are strong

Table 1. Soil quality guidelines for vanadium (mg-kg).

Land use
Residential/
Agricultural parkland Commercial Industrial

Guideline 1307 1307 1300 13

SQGH NCC NCC NCC NCC
Limiting pathway for SQGx ND ND ND ND
Provisional SQG- Ncd Ncd Ncd ncd
Limiting pathway for provisional SQ& ND ND ND ND

SQG 130 130 130 130
Limiting pathway for SQ& Soil contact  Soil contact ~ Soil contact  Soil contact
Provisional SQG Nce Nce NC® NC®
Limiting pathway for provisional SQG ND ND ND ND

Interim soil quality criterion (CCME 1991) 200 200 No value No value

Notes:NC = not calculated; ND = not determined; SGsoil quality guideline for environmental health; S@G soil quality guideline for human
health.

8Data are sufficient and adequate to calculate an:SIDIS less than the existing interim soil quality criterion (CCME 1991) for this land use.
Therefore, the soil quality guideline supersedes the interim soil quality criterion for this land use.

bData are sufficient and adequate to calculate only an=SQGnterim soil quality criterion (CCME 1991) was not established for this land use,
therefore, the SQ&becomes the soil quality guideline

CThere is no SQ@; for this land use at this time.
YThere is no provisional SQfs for this land use at this time.
€Because data are sufficient and adequate to calculate anf&Qfs land use, a provisional S@IB not calculated.

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. The reader should consult the appropriate jurisdiction before
application of the values.
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Vanadium has important industrial uses, mainly in ferrousAccording to the Geological Survey of Canada, deposits
metallurgy, where 75-85% of all vanadium produced isof vanadium and vanadiferous occurrences can be found
used as an alloy additive in making special steels. Purén all provinces and territories. The most significant
vanadium is very seldom used as it reacts easily withknown deposits are in Quebec, Alberta, British Columbia,
oxygen, nitrogen, and carbon at a relatively low temper-and Yukon. Most of the approximately 20 primary
ature of 300C (WHO 1988). Vanadium is combined with vanadium-bearing minerals have been found in Canada,
chromium, nickel, manganese, boron, tungsten, and othewhile only a few of the secondary minerals occur. The
elements to produce various high-resistance carbon steelprimary minerals are generally associated with igneous
Vanadium may be a component of structural steels used inocks, carbonate complexes, titaniferous magnetite
building, transport, engineering, and boiler-making and incomplexes, and chromite, uranium, iron, and manganese
tool steels. It is added to steel in the form of either deposits (van Zinderen Bakker and Jaworski 1980).
ferrovanadium (an iron-vanadium alloy containing 40—

80% vanadium) or vanadium carbide (Zenz 1980). The vanadium contents of soils are related to those of the
Vanadium is also a major alloying element in high- parent rocks from which they are formed, with the highest
strength titanium alloys. Alloys of vanadium with concentrations being found in shales and clays. Vanadium
nonferrous metals (e.g., aluminum, titanium, and copper)is evenly distributed in the soil horizons, but there is
are widely used in the atomic industry, aircraft sometimes a higher level in the A horizon, possibly
construction, and space technology (WHO 1988). caused by plant biocycling (WHO 1988).

In the chemical industry, vanadium oxides and vanadateg\ccording to the Soil Metal Database of the Alberta Soil

have important uses as catalysts in the synthesis oProtection Branch, natural mean concentrations in

sulphuric acid and plastics, the oxidation of organic Canadian soils range from 38 to 42 mgd-keith concen-

compounds, petroleum cracking, exhaust gas purificationtrations tending to increase with depth (G. Dinwoodie

and ethanol oxidation. The pentoxide and various otherl995, Alberta Soil Protection Branch, Edmonton, pers.

salts of vanadium are used in producing lacquers andtom.). Minimum values are 10 mg“gnd maximum are

paints and as developers, sensitizers, and colouring agen®® mg-kg.

in photography and cinematography. The quantities of

vanadium used in the chemical industry are often small,Soil samples collected throughout Ontario from undisturbed

and some recycling of vanadium used as catalysts takesld urban and rural parklands not impacted by local point

place (WHO 1988). sources of pollution were analyzed to determine average
background vanadium concentrations. The 98th percentiles

In Canada, vanadium’s main industrial use is in theof the sample population analyzed were 71 nigfig old

production of high-strength, low-alloy steel and tool and dieurban parkland and 77 mg*dor rural parkland (OMEE

steels, which account for approximately 85% of its total 1993).

consumption. Another 10% is used in the manufacture of

titanium—aluminum alloys for the aerospace industry (EnergyAnalytical methods recommended for vanadium by the

Mines and Resources Canada 1990). The remaining 5% i€CME include Method SM 3111D, Method SM 3120B,

primarily used in the chemical industry as catalysts in theand U.S. Environmental Protection Agency Method 6010 -

production of polymeric plastics, sulphuric and nitric acids, asRevision 0 (CCME 1993).

a mordant in dyes and printing fabric inks, and in vanadium-

gallium tape for use in superconductors (van Zinderen Bakker

and Jaworski 1980). Environmental Fate and Behaviour in Soil

Power and heat-producing plants using fossil fuelsvanadium is found in rocks and soils in a relatively
(petroleum, coal, and oil) cause the most widespreadnsoluble trivalent form. It does not form its own minerals
discharge of vanadium into the environment. Vanadium isnor does it exist as free metal, but rather, it is present as
present in flue gas and fly ash. Burning of coal wastes ovanadates of copper, zinc, lead, uranium, ferric iron,
dumps of coal dust in mining areas are other importantmanganese, calcium, and potassium (APl 1985). In
sources of atmospheric discharge (USEPA 1987). Otheaddition, vanadium tends to replace other metals such as
important air emission sources are the re-smelting of scrajron, titanium, and aluminum in crystal structures (Cannon
steel, the transformation of titaniferous and vanadic1963). Weathering decomposes parent rock and increases
magnetite iron ores into steel, the roasting of vanadiumvanadium availability in soils.

slags, the vanadium pentoxide smelting furnaces, and the

electric furnaces in which ferrovanadium is smelted Vanadium (+5) is more soluble and is therefore more
(WHO 1988). mobile than vanadium (+4); vanadium (+3) is the least
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mobile form. In bituminous coal deposits, vanadium (+4) Terrestrial Plants

is oxidized to vanadium (+5), which is soluble in water

and therefore is able to enter biological systemsvanadium has been recognized as an essential element for

(van Zinderen Bakker and Jaworski 1980). According to certain species of green algae (Arnon and Wessel 1953),

Brooks (1972), vanadium is highly mobile in neutral or but claims supporting its essentiality in higher plants are

alkaline soils relative to other metals. Norrish (1975) inconclusive (Welch and Huffman 1973; Morrell et al.

reported that mobile ferrous oxides hold a substantial1986; Kabata-Pendias and Pendias 1992).

fraction of the vanadium in soil and could supply

vanadium to plants. Berrow et al. (1978pgested that in  Soluble soil vanadium appears to be easily taken up by

certain horizons of podzols, the role of clay minerals asroots, and a few plant species show a great ability to

well as organic acids in attenuation of vanadium is moreaccumulate this metal, especially certain bryophytes and

significant than the vanadium fraction adsorbed by ferrousfungi (Kabata-Pendias and Pendl£92).

oxides. According to these authors, the vanadyl cation

(VO;") may be an important form of vanadium in many In general, higher plants do not bioaccumulate vanadium

soils and may result from reduction of the metavanadatdo any significant degree. Welch and Cary (1975) reported

anion (VQ&). Goodman and Cheshire (1975) and accumulation of vanadium in cereals and vegetables

Bloomfield (1981) stated that much of the soil vanadium, grown in nutrient solutions, but concluded that

mainly the vanadyl cation, is mobilized as complexes with bioaccumulation rates were low considering the high

humic acids, while anionic forms of vanadium (e.g., concentration of vanadium in solution. Similarly, Cary et

orthovanadate anion, \/®, metavanadate anion, \{® al. (1983) reported that the vanadium content of several

are known to be mobile in soils and relatively more toxic vegetables grown on coal bottom ash-amended soil

to soil microbiota. (14.5 mg V-kg) was less than or equal to the vanadium
content of controls. On average, the concentration of
vanadium in plants is one-tenth the concentration of

Behaviour and Effects in Biota vanadium in soil, thus plants in general have a soil BCF of
0.1 for vanadium (Cannon 1963; van Zinderen Bakker and
Microbial Processes Jaworski 1980; WHO 1988).

There is evidence that vanadium is a specific catalyst oKaplan et al. (1990) conducted laboratory and greenhouse
nitrogen fixation and may partially substitute for studies to evaluate the effects of vanadium on seed
molybdenum (Mo) in this function (Kabata-Pendias and germination and radicle growth of cabbafrassica
Pendias 1992). Yopp et al. (1974) reported that nitrogeroleracea) The presence of vanadium had no negative
fixation by bacteria in the root nodules of several legumeseffect on cabbage seed germination up to a treatment
was stimulated by low concentrations of vanadium in soil. concentration of 75 mg*L However, for radicle growth,
a concentration of 1 mg'Lwas found to increase radicle
Liang and Tabatabai (1978) determined that 255 mg*V-kg length by 51.7%, while a concentration of 3 mig-L
soil produced a 62% reduction in nitrification at a pH of significantly reduced radicle elongation by 53%.
5.8. At pH 7.8, 255 mg V-Kgsoil resulted in a 12%
reduction in nitrification. In the greenhouse portion of their study, Kaplan et al.
(1990) found that vanadium tissue concentrations and
Wilke (1989) also studied the effects of vanadium on toxicity to cabbaggBrassica oleraceayaried with soil
nitrification and nitrogen mineralization. No inhibition of type. In a sandy soil significant reduction of 24% in
nitrification was observed at 100 and 400 mg V:kin biomass occurred after 98 d at 80 md:kip the case of
fact, nitrification actually increased by 9 and 20%, loamy-sand soil, no significant decrease was found at
respectively. Nitrogen mineralization was reduced by 7%100 mg V-kg. Kaplan et al. (1990) attributed the higher
at a concentration of 400 mgg toxicity in the sandy soil to an appreciably greater
accumulation of vanadium by plants. Differences in the
The effects of vanadyl sulphate on soil respiration werephysical and chemical properties of these two soils are
examined by Lighthart et al. (1983) in a 45-d microcosmlikely responsible for the varying amounts of vanadium
study involving four different soils. Respiration, measured accumulated in the plants at a given treatment level.
in terms of CQ release, was actually increased by 5 and
10% for two soils at the lowest vanadyl sulphate The effects of vanadium pentoxide () on the seedling
concentration of 2.55 mg V-kgReductions in respiration emergence of radishe@Raphanus sativajand lettuce
ranged between 7 and 40% for all four soils at the(Lactuca sativigrown in an artificial soil were studied by
three other vanadyl sulphate concentrations (25.5, 255, angnvironment Canada (1995). The 3-d NOEC, LOEC,
2550 mg V-kg). EC,s, and EGg values for radish seedling emergence were



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

200, 410, 330, and 580 mg Vkgoil, respectively. The compared to the nutrient and energy cycling check. If the
5-d NOEC, LOEC, E&, and EG, values for lettuce nutrient and energy cycling check is lower, the geometric
seedling emergence were 55, 127, 134, and 251 mgnean of the preliminary soil contact value and nutrient
V-kg', respectively. The LOEC values corresponded toenergy cycling check is calculated as the soil quality
decreases in seedling emergence of 33% for radishes arglideline for soil contact. If the nutrient and energy
29% for lettuce. cycling check is greater than the preliminary soil contact
value, the preliminary soil contact value becomes the soil
quality guideline for soil contact.
Terrestrial Invertebrates
For agricultural land use, the lower of the soil quality
Very little information exists on the metabolic processesguideline for soil contact and the soil and food ingestion
of vanadium within terrestrial invertebrates. guideline is recommended as the SQG

Soil invertebrate toxicity data for vanadium, like toxicity For residential/parkland and commercial land uses, the
data for soil microbes, is nearly nonexistent. In the onlysoil quality guideline for soil contact is recommended as
soil invertebrate toxicity study available for vanadium, the SQG.
Environment Canada reported the effects of vanadium
pentoxide (MOs) on the earthwornkisenia foetidain an For industrial land use, the lower of the soil quality
artificial soil. The NOEC, LG;, LCs, and LOEC values guideline for soil contact and the off-site migration check
were reported at concentrations of 210, 290, 370, ands recommended as the SQG
410 mg V-kg, respectively (Environment Canada 1995).
For all land uses, the SQ®or vanadium is based on the
soil contact guidelines.
Livestock and Wildlife

Animals are susceptible to vanadium deficiency and Soil Quality Guidelines for Human Health
overexposure. Berg (1963) demonstrated a 21% reduction
in body weight in chickens fed 15 mg V*in feed. Puls  There are no human health guidelines or check values
(1988) reported that vanadium deficiency was not knownavailable at this time (Table 2).
to occur under practical farm conditions in cattle, but that
10—20 mg V-k§ bw per day in the diet is toxic.
Soil Quality Guidelines for Vanadium

Guideline Derivation The soil quality guidelines for vanadium are the lower of
the SQGs and the interim soil quality criteria (CCME

Canadian soil quality guidelines are derived for different land1991).

uses following the process outlined in CCME (1996a) using

different receptors and exposure scenarios for each land ugeor all land uses, the SQQGs less than the existing

(Table 1). Detailed derivations for vanadium soil quality interim soil quality criterion. Therefore the soil quality

guidelines are provided in Environment Canada (1996). guidelines supersede the interim soil quality criteria for all
land uses.
Soil Quality Guidelines for Environmental Health CCME (1996b) provides guidance on potential

modifications to the final recommended soil quality
Environmental soil quality guidelines (S@S3 are based guideline when setting site-specific objectives.
on soil contact data from toxicity studies on plants and
invertebrates. In the case of agricultural land use, soil and
food ingestion toxicity data for mammalian and avian References
species are included. To provide a broader scope of _ _ _ ‘
protection, a nutrient and energy cycling check is API (American Petroleum Institute). 1985. Vanadium: Environmental

calculated. For industrial land use. an off-site migration and community health impact. Prepared by EA Engineering, Science,
check is allso calculated ’ and Technology Inc., Washington, DC.

Arnon, D.l., and G. Wessel. 1953. Vanadium as an essential element for
o . green plants. Nature 172:1039-1040.

For all land uses, the preliminary soil contact value (alsOgerg, L.R. 1963. Evidence of vanadium toxicity resulting from the use
called threshold effects concentration [TEC] or effects of certain commercial phosphorus supplements in chick rations.
concentration low [ECL], depending on the land use) is Poult. Sci. 42:766-769.
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Table 2. Soil quality guidelines and check values for vanadium (mg-kp

Land use
Residential/
Agricultural parkland Commercial Industrial
Guideline 1307 1307 1300 1300
Human health guidelines/check valles
SQGw NC NC NC NC
Soil ingestion guideline NC NC NC NC
Inhalation of indoor air check NC NC NC NC
Off-site migration check — — — NC
Groundwater check (drinking water) NC NC NC NC
Produce, meat, and milk check NC NC — —
Provisional SQG&x NC NC NC NC
Limiting pathway for provisional SQé ND ND ND ND
Environmental health guidelines/check values
SQG 13 13cd 13cd 13cd
Soil contact guideline 130 130 130 130
Soil and food ingestion guideline NC® — — —
Nutrient and energy cycling check 255 255 255 255
Off-site migration check — — — 830
Groundwater check (aquatic life) Ncf Ncf Ncf NCf
Provisional SQG NC9 NC9 NCY NCY
Limiting pathway for provisional SQG ND ND ND ND
Interim soil quality criterion (CCME 1991) 200 200 No value No value

Notes:NC = not calculated; ND = not determined; SQGsoil quality guideline for environmental health; SQG soil quality guideline for human
health. The dash indicates guideline/check value that is not part of the exposure scenario for this land use and thereftondasea.

@pata are sufficient and adequate to calculate ansSIDE less than the existing interim soil quality criterion for this land use. Therefore the soil
quality guideline supersedes the interim soil quality criterion for this land use.

bData are sufficient and adequate to calculate only aneS&Ginterim soil quality criterion (CCME 1991) was not established for this land use,
therefore, the SQ&becomes the soil quality guideline.

CThere are no values for the human health at this time.
dBased on the soil contact guideline.
€There are insufficient/inadequate data to calculate this guideline for this land use.

fThe environmental groundwater check (aquatic life) applies to organic compounds and is not calculated for vanadium. @oneamescilm
should be addressed on a site-specific basis.

9Because data are sufficient and adequate to calculate anf@QKds land use, a provisional S@{S not calculated.



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

Berrow, M.L., M.J. Wilson, and G.A. Reaves. 1978. Origin and Lagerkvist, B., G.F. Nordberg, and V. Vouk. 1986. Vanadium. In:
extractable titanium and vanadium in the A horizons of Scottish  Handbook on the toxicology of metals. 2d ed. L. Friberg,
podzols. Geoderma 21:89. G.F. Nordberg, and V. Vouk, eds. Elsevier Science Publishers,

Bloomfield, C. 1981. The translocation of metals in soils. In: The  Amsterdam.
chemistry of soil processes, D.J. Greenland, and M.H.B. Hayes, edsLiang, C.N., and M.A. Tabatabai. 1978. Effects of trace elements on

John Wiley and Sons, New York. nitrification in soils. J. Environ. Qual. 7:291-293.
Brooks, R.R. 1972. Geobotany and biogeochemistry of mineral Lighthart, B., J. Baham, and V.V. Volk. 1983. Microbial respiration and
exploration. Harper and Row Publishers, New York. chemical speciation in metal-amended soils. J. Environ. Qual.
Cannon, H.L. 1963. The biogeochemistry of vanadium. Soil Sci. 12:543-548.
96:196-204. Morrell, B.G., N.W. Lepp, and D.A. Phipps. 1986. Vanadium uptake by

Cary, E.E., M. Gilbert, C.A. Bache, W.H. Gutenmann, and D.J. Lisk.  higher plants: Some recent developments. Environ. Geochem. Health
1983. Elemental composition of potted vegetables and millet grown  8:14-18.
on hard coal bottom ash-amended soil. Bull. Environ. Contam. Norrish, K. 1975. The geochemistry and mineralogy of trace elements.
Toxicol. 31:418-423. In: Trace elements in soil-plant—animal systems, D.J.D. Nicholas and
CCME (Canadian Council of Ministers of the Environment). 1991. A.R. Egan, eds. Academic Press, New York.
Interim Canadian environmental quality criteria for contaminated OMEE (Ontario Ministry of Environment and Energy). 1993. Ontario

sites. CCME, Winnipeg. typical range of chemical parameters in soil, vegetation, moss bags
. 1993. Guidance manual on sampling, analysis, and data and snow. Version 1.0a. PIBS 2792. Standards Development Branch,

management for contaminated sites. Vol. Il, Analytical method  Phytotoxicology Section, Toronto.

summaries. CCME, Winnipeg. Puls, R. 1988. Mineral levels in animal health: Diagnostic data. Sherpa

. 1996a. A protocol for the derivation of environmental and International, Clearbrook, BC.

human health soil quality guidelines. CCME, Winnipeg. [A summary USEPA (U.S. Environmental Protection Agency). 1987. Health effects
of the protocol appears in Canadian environmental quality assessment for vanadium and compounds. PB88-176383.
guidelines, Chapter 7, Canadian Council of Ministers of the  Environment Criteria and Assessment Office, Office of Health and

Environment, 1999, Winnipeg.] Environmental Assessment, Office of Research and Development,
. 1996b. Guidance manual for developing site-specific soil  Cincinnati, OH.

quality remediation objectives for contaminated sites in Canada.van Zinderen Bakker, E.M., and J.F. Jaworski. 1980. Effects of
CCME, Winnipeg. [Reprinted in Canadian environmental quality = vanadium in the Canadian environment. National Research Council
guidelines, Chapter 7, Canadian Council of Ministers of the of Canada, Associate Committee on Scientific Criteria for

Environment, 1999, Winnipeg.] Environmental Quality, Subcommittee on Heavy Metals and Certain
Energy, Mines and Resources Canada. 1990. 1990 Canadian minerals Other Compounds. NRCC No. 18132.
yearbook: Review and outlook. Mineral Report No. 39. Ottawa. Welch, R.M., and E.E. Cary. 1975. Concentration of chromium, nickel,

Environment Canada. 1995. Toxicity testing of National Contaminated  and vanadium in plant materials. J. Agric. Food Chem. 23:479.
Sites Remediation Program prioirity substances for the developmentWelch, R. M., and D. Huffman. 1973. Vanadium and plant nutrition.
of soil quality criteria for contaminated sites. Environmental Plant Physiol. 52:183-185.

Conservation Service, Evaluation and Interpretation Branch, WHO (World Health Organization). 1988. Vanadium. Environmental
Guidelines Division, Ottawa. Unpub. Health Criteria 81. Geneva.

1996. Canadian soil quality guidelines for vanadium: Wilke, B.M. 1989. Long-term effects of different inorganic pollutants
Environmental. Supporting document—Final Draft. December 1996.  on nitrogen transformations in a sandy cambisol. Biol. Fertil. Soils
Science Policy and Environmental Quality Branch, Guidelines  7:254-258.

Divison, Ottawa. Yopp, J.H., W.E. Shmid, and R.W. Holst. 1974. Determination of

Goodman, B.A., and M.V. Chesire. 1975. The bonding of vanadium in  maximum permissable levels of selected chemicals that exert toxic
complexes with humic acid, and electron paramagnetic study. effects on plants of economic importance in lllinois. IIEQ Doc. No.

Geochim. Cosmochim. Acta 39:1711. 74-33. Prepared for the lllinois Institute for Environmental Quality,
Kabata-Pendias, A., and H. Pendias. 1992. Trace elements in soils and Chicago.
plants. 2d ed. CRC Press, Boca Raton, FL. Zenz, C. 1980. Vanadium. In: Metals in the environment,

Kaplan, D.l, K.S. Sajwan, D.C. Adriano, and S. Gettier. 1990. H.R. Waldron, ed. Academic Press, New York.
Phytoavailability and toxicity of beryllium and vanadium. Water Air
Soil Pollut. 53:203-212.

This fact sheet was originally published in the working document entitled “Recommended Canadian Soll
Quality Guidelines” (Canadian Council of Ministers of the Environment, March 1997, Winnipeg). A
revised and edited version is presented here.
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