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1 Introduction
This document contains only technical information prepared by Environment Canadafor consideration in the assessment of whether "Nickel and its compounds" are"toxic" as defined in Section 11 of the Canadian Environmental Protection Act.Information was obtained from original and review articles, books and criteriadocuments published up to June, 1993. These articles were obtained from primary)ournal searches, as well as searches of the following abstracting services anddata bases: Chemical Abstracts, Biological Abstracts, Pollution Abstracts,Current Contents, U.S. Environmental Protection Agency Toxic Releases Inventory,U.S. Agency for Toxic Substances and Disease Registry, MEDLINE, CCOHS, WAVES,AQUAREF, ASFA, AQUIRE (1978 to 1992), NTIS, ENVIROLINE, and TOXLIT. Unpublisheddata were provided by the Canadian Wildlife Service and Dr. K. Winterhalder ofLaurentian University in Sudbury. From 1991 through 1993, background reports onthe fate and concentrations of "Nickel and its compounds" in the Canadianenvironment were prepared under contract to Environment Canada by O. Kulikovsky,H. Evans, P. Outridge, L. Evans, and M. Qoss, and under contract to NaturalResources Canada by P. Doyle. Information was also obtained from the CEPADomestic Substances List and from Statistics Canada. Data were compiled andcritically evaluated by the following staff of Environment Canada~

Y.K. Chau
J.E. MacLatchy
A. Scheuhammer
P. Doyle

Copies of this document, additional supporting documentation prepared separatelyby Health Canada, and the published Priority Substances List Assessment Reportfor "Nickel and its compounds", are available upon request from:
Environmental Health Centre
Health Canada
Room 104
Tunney's Pasture
Ottawa, Ontario
Canada
K1A OL2

Ccxanercial Chemicals Evaluation Branch
Environment Canada
14th Floor, Place Vincent Massey
351 St. Joseph Boulevard
Hull, Quebec
Canada
K1A OH3



2. Information Critical to Assessment of "Toxic"

2.1 Identity, Properties, Analytical methods, Production and Uses of Nickel
Identity
Nickel is the twenty-fourth most abundant element in the Earth's crust, existinqin the form of five natural isotopes and occurring at an average concentrationof about 75 pg/g. Nickel (~~Ni) is, by far, the most common isotope, comprisingapproximately 68% of the entire global nickel supply. Nickel has an atomicnumber of 28 and an atomic weight of 58.71. Although it has oxidation states of-1, 0, +1, +2, +3, and +4, the most common valence state in the environment isNi~ (Cotton and Wilkinson, 1988; Nieboer et al., 1988). Nickel occurs innature as a trace constituent in a wide variety of minerals, particularly thosecontaining large amounts of iron and magnesium such as olivine and pyroxenes(NRCC, 1981). In minerals in which it is an essential component, it occurs mostfrequently in combination with sulphur, arsenic or antimony. Examples includemillerite (NiS), red nickel ore (mainly niccolite (NiAs)), pentlandite (Ni,Pe)~S~and deposits consisting primarily of NiSh, NiAsz, NiAsS, or NiSbS. In Canada,the most important commercial deposits contain pentlandite. Other nickelminerals include annabergite Ni~(AsO~)~+2H~O, bravoite (Ni,Fe,Co)S~, skutterudite(Ni, Co)As, and heazlewoodite (or nickel subsulphide, Ni~S~) (Duke, 1980; NRCC,1981). Although metallic nickel is not common in nature, it does occur (as theiron-nickel alloy, awaruite) in some iron and magnesium-enriched ultramafic rocks(Duke, 1980). In addition to metallic nickel, commercially important nickelcompounds include nickel carbonate, nickel carbonyl, nickel chloride, nickelnitrate, nickel oxide, nickel sulphate, and nickel sulphide (Brecher et aI./1989).

Properties
Nickel is a silver-white metal with typical metallic properties. It has highelectrical and thermal conductivities, a melting point of 1,455'C, a boilingpoint of 2730'C, and it can be drawn, rolled, forged, and polished. It isresistant to attack by air or water at ambient temperatures (-20'C to 30'C), andis therefore often electroplated as a protective coating. It is magnetic, butnot as much as iron (Cotton and Wilkinson, 1988). Nickel commonly forms stablecomplexes with ligands containing oxygen, sulphur, phosphorus or arsenic as donoratoms (NRCC, 1981). Nickel forms an extensive series of compounds in thedivalent state, the only oxidation state of importance in the aqueous chemistryof nickel. The most water-soluble nickel compounds are nickel chloridehexahydrate (2,500 g/L), nickel sulphate hexahydrate (660 g/L), nickel sulphateheptahydrate (760 g/L), and nickel nitrate hexahydrate (2,400 g/L) (Lide, 1992).Less soluble nickel compounds include hexaammine nickel nitrate (45 g/L), nickel(II) hydroxide (0.13 g/L), and nickel carbonate (0.09 g/L) (Lide, 1992). Nickelsubsulphide and nickel oxide are considered to be "insoluble" in water, but bothare soluble in acids (Cotton and Wilkinson, 1988; IPCS, 1991).
Additionally, nickel metal is insoluble in water, soluble in dilute nitric acidand aqua regia, and slightly soluble in hydrochloric and sulphuric acids. Nickelcan form complexes (chelates) that are insoluble or soluble in water or organicsolvents, depending on the actual ligand involved. Nickel is resistant toalkalis, but generally dissolves in dilute oxidizing acids. As can be seenabove, nickel carbonate, nickel sulphide, and nickel oxide are insoluble inwater, whereas nickel chloride, nickel sulphate, and nickel nitrate are watersoluble. Nickel carbonyl is a volatile colourless liquid that decomposes attemperatures above 50'C (Lide, 1992).

In this report, concentrations are expressed as elemental nickel unlessstated otherwise.



In aqueous solution, Ni ions or atoms form coordination complexes with negativegroups of molecules. The vast majority of nickel complexes exist in one of threemain geometrical configurations: tetrahedral or square planar polyhedron(coordination number 4), square pyramidal or trigonal bipyramidal (coordinationnumber 5), or octahedral (coordination number 6), with coordination numbers of4 or 6 most common for nickel (Stoeppler, 1980).
Nickel has the ability to enter the structure of many iron and magnesiumsilicates, sulphates and carbonates due to the similarity in their energeticproperties. Most prolific is the nearly identical ionic radii for these threeelements, seen as follows: Fez+ (0.74k), Mg '0.65-0.66K), and Ni~'0.69-0.72k)
(NRCC, 1981).

A transition metal such as nickel has unfilled external subshells with a 3d~4s~configuration. The slow rate of nickel complex formation as compared with thoseof other divalent cations is, in part, caused by the high energy of trigonalbipyramid formation compared to its octahedral starting geometry. The loss of
HzO from the Ni~'rimary hydration sphere is its rate-determining (rate-limiting) step, which may be important in assigning significance of kineticcontrol versus thermodynamic control in the reaction (Nieboer, 1981).
Nickel compounds are often very stable and play an important role in traceanalysis. For example, nickel dimethylglyoxime is the compound that makespossible the separation of nickel from cobalt, which is similar in its chemicaland analytical behaviour (Stoeppler, 1980). Divided nickel, commonly calledRaney nickel, absorbs up to seventeen times its volume of hydrogen and can actas a catalyst (Lewis and Ott, 1970). In biological systems, dissolved nickel mayform components with various ligands and bind to organic material (IPCS, 19915Brecher et al., 1989).
Moreover, nickel is somewhat more resistant to oxidation than iron and cobalt,with a standard potential of -0.236 V relative to the hydrogen electrode(Stoeppler, 1980). Nickel has a specific density of 8.90 g/ml. Furthermore,nickel is ferromagnetic at room temperature and paramagnetic when heated abovethe Curie point (353'C). Some physical properties of nickel are very sensitiveto impurities in solid solution and alter dramatically in the impure state(Brecher et al., 1989). Several binary nickel compounds of commercial andenvironmental significance are also delineated in Table 1.
Analytical Methods

Analytical results provide the quantitative underpinnings of detailed knowledgeregarding fate and behaviour of metals in the environment, and the ultimateregulations for protection of the environment. Reliable analytical procedures aredeveloped which emphasize correct sampling, storage, preparation, analysis, dataevaluation and interpretation of data for biological and environmental purposes.Inadvertent contamination is the most challenging problem during collection,handling, storage and analysis. Because of this, much of the published data isinaccurate, especially for bodily fluids and tissues (Nieboer, pers. comm.g1993).

Nickel determination is most commonly performed using analytical techniques suchas voltammetry and atomic absorption spectroscopy. The detection limit fordifferential pulse voltammetry was 1 pg/L of digestion solution (Meyer and Neeb,1985; Nieboer, pers. comm., 1992). Maly and Beresova (1990) achieved detectionat 1 pg/L for sewage sludge using differential pulse polarography (DPP) andstripping voltammetry methods. The electrothermal, flame, and graphite furnacetechniques of atomization have respectively yielded detection limits of 10-36ng/L (Bruland et al., 1979'perling et al., 1991), 4-0.66 ng/L (Wang et aI.,1990; Porta et al., 1991), and in the order of 1 ng/L (Mentasti et aI., 1989;Shijo et al., 1991) for water samples. Two other analytical methods,inductively-coupled plasma atomic emission spectrometry (ICP-AES) and microwave



induced plasma atomic emission spectrometry (MIP-AES) have respective detectionlimits of 12 ng/g for human hair and 5 ng/L for urine, seawater and digestionsolutions (Umemoto and Hayashi, 1990'rews et aI., 1990). Volatile nickelcarbonyl gas determination involves colorimetry after conversion of the nickel
compound to a coloured furildioxime-chelated (Stedman, 1986a), or directphotometric detection of chemiluminescence (Stedman, 1986b) with detection limitsof 1 pg/m'nd 0.2 pg/m~, respectively. More recently, nickel carbonyl has beenanalyzed using gas chromatography and electron capture detection, resulting indetection limits of 0.01 pg/m~ on a per volume basis (Harper, 1991).
In summary, common analytical methods used to measure inorganic nickel inenvironmental media include voltammetry, atomic absorption spectrometry, andatomic emission spectrometry. Over the past 15-20 years, the analysis of tracemetals has been revolutionized by ultra-trace "clean lab" techniques, whichgreatly reduce sample contamination, yielding more reliable analytical data(Nieboer, pere. comm.,1992). Most analytical methods do not distinguish betweendifferent oxidation states of nickel. However, it is reasonable to assume thatinorganic nickel is present in the +2 oxidation state in the environment (Cottonand Wilkinson, 1988; Nieboer et al., 1988). Detection limits for all nickelcompounds depend on the analytical method, sample size and matrix interferents.
Production

Nickel is a commercially viable Canadian natural resource, and as such, companiessuch as INCO and Falconbridge, exist to mine, smelt and refine this metallicelement into useful forms.
Nickel is the fourth most important Canadian mineral commodity in terms of 1990dollars, at $2,024 million, )ust behind copper, sino and gold. The 1989 valuespeaked at around $ 6.00 US per pound, while the 1990 prices plummeted to around
$4.00 US per pound. In 1988, 1989, and 1990, the Canadian dollar value of nickelproduction was $ 2.79 billion, $ 3.04 billion, and $2.02 billion, respectively
(MAC, 1991).

In late 1980's, Canada's share of the world nickel market was 22.5%, whichtotalled $ 11.79 billion. Following the Commonwealth of Independent States (at210,000 tonnes), Canada ranked as the second largest producer of nickel in 1990@with Ontario and Manitoba respectively producing 65.1% and 34.9% of the Canadiannickel at Sudbury, Ontario and Thompson, Manitoba. From 1988 to 1990 inclusive,average annual nickel production in Canada was about 197,000 tonnes. This is a15% increase in production as compared to that of 1985 (MAC, 1991; EMR, 1991).
Mineral imports into Canada in 1990 continued to be significantly smaller andmore broadly dispersed geographically than Canada's exports of minerals, and makea rather small contribution to nickel handled in Canadian industry. Totalexports and imports of nickel in 1990 were 187,000 tonnes and 29,000 tonnes,respectively (ISTC, 1992). The commercial sector accounts for about two-thirdsof the nickel market in Canada, and its consumption of nickel in 1989 was strong.Stainless steel production increased substantially in 1987, 1988 and early 1989but then started to weaken. Nickel-containing stainless steel continues to bethe ma)or growth market for nickel. Production and value information are foundin Table 2.

Ultimately, the outlook for the nickel producers of Canada includes theexpectation that nickel consumption will grow at an annual rate of about 1.7% tothe year 2000. While some of the more mature markets, like the United States andJapan, are expected to experience somewhat lower growth rates, this will beoffset by higher rates in relatively small but emerging markets such as China,Brazil, and South Korea. In Canada, nickel production is expected to increasemarginally over the next several years. The most important potential newdevelopment in Canada over the next decade could be the New Quebec Raglans MinesLimited property in Northern Quebec, which could add another nickel site to the



map of Canada (Telewiak, 1989).
Uses

Metallic nickel is sold in the form of cathodes, pellets, powders, briquettes,rondelles and coinage. Nickel is used in approximately 3,000 alloys that havemore than 250,000 applications (MAC, 1991). For example, nickel-containingstainless steel is used in the chemical and food processing industries and in themedical profession. Iron-nickel alloys are important materials for theelectrical industry. Nickel-copper alloys are useful for shipbuilding. Nickel-chromium alloys are used for jet engine components, nuclear reactors and turbineblades. Other important uses of nickel are in electronic equipment, motorvehicles, and oil and gas pipelines (IPCS, 1991).
Nickel compounds are also used in a variety of products and processes, asillustrated in Table 3. For example, nickel carbonate hydroxide is used inplating, as a catalyst for the hardening of fats, and in colours and glazes forceramics; nickel carbonate is used in electric componentsy anhydrous nickelchloride is used as an adsorbent for ammonia in gas masks and in nickel platingjnickel hydroxide is used as electrode material for secondary cellsg nickel oxideis primarily used in metallurgical operations as an important raw material forsmelting and alloy-producing processes, catalysts and glass coloursg nickelsulphate is used in catalysts, electrolyte solution and jewelleryg and nickelnitrate is used in nickel plating and nickel-cadmium batteries (IPCS, 1991).

2.2 Entry of Nickel into the Environment
Nickel is released into the Canadian environment in various forms from naturalsources and as a result of anthropogenic activities.
2.2 ~ 1 Natural sources
Natural weathering and erosion of geological materials (e.g. glacial overburdenand bedrock) release nickel into surface waters and soils in Canada. Naturalsources of airborne nickel include soil dust, sea salt, volcanoes, forest firesand particulate exudates from vegetation (Warren and Delavaut, 1954) NRCC, 1981'chmidtand Andren, 1980). During summertime in Canada, soil dust and vegetationare the predominant natural sources of nickel. In soil dust nickel is likelypresent as a trace 'constituent of iron- and manganese-containing minerals (e.g.silicates and oxides) (NRCC, 1981). Sea spray may be a major contributor ofatmospheric nickel in areas remote .from anthropogenic sources during wintermonths (when soil dust sources are negligible), and in coastal areas at all timesof the year. Forest, fires can also be short-term, but intense sources. At onelocation (Smoking Hills, NWT), the spontaneous burning of bituminous shales hasresulted in the accumulation of large quantities of nickel and other metals inlocal surface waters (Havas and Hutchinson, 1983). In Canada, the estimatedcontribution of natural sources to airborne nickel in 1975 was in the range of595-11,200 tonnes (soil dust, 480-2,400 tonneau forest fires, 15-7,500 tonnes;vegetation, 100-1,300 tonnes) (NRCC, 1981).
2.2-2 Anthropogenic sources
Although older summaries of emissions of nickel from all major anthropogenicsources in Canada are available (NRCC, 1981) Jaques, 1987), the only recentreview identified was for primary base metal production. In 1988 mining,smelting and refining of base metals were estimated to have released 1,100 tonnesof nickel as air emissions, and 64 tonnes as effluents; approximately 1,800tonnes of nickel were disposed of on land as sludges and solids, and 8,700 tonnesas slags (MacLatchy, 1992). Additionally, an earlier first-order estimate of thenational emission inventory for nickel was made in Table 4, while Chan and Lusis(1986) calculated metal emission rates from two Canadian nickel smelters, as



illustrated in Table 5.

Air

The most important anthropogenic sources of nickel released into Canadian air areprimary .base metal production; that is, where primary nickel production includesnickel mining, smelting and refining processes, (accounting for approximately 65%of all releases in 1982), and fossil fuel combustion (Jaques, 1987).Approximately 1,100 tonnes of nickel were estimated to have been released intothe atmosphere in 1988 from Canadian base metal smelters and refineries, of which700 tonnes were released from nickel-copper smelting and refining operations inthe Sudbury, Ontario area, and about 320 tonnes were released from similaroperations at Thompson, Manitoba (MacLatchy, 1992) Estimated releases fromnickel production operations in Sudbury in 1988 are similar to or slightly higherthan earlier estimates of atmospheric emissions for the period 1973 to 1981(Bolger and Buchanan, 1979'han and Lusis, 1986). Nickel released into the airin Canada as a result of smelting processes is likely in the form of nickelsulphate (20%), nickel subsulphide (57%), and nickel oxide (6.3%) (Cilman andRuckerbauer, 1962). Warner (1984) reported a nickel content of 5-10% in fluedusts from a Canadian smelter; 10% of the nickel detected was water-soluble.However, analysis of stack dust from one of the nickel-copper smelters in theSudbury area by Cox and Hutchinson (1981) indicated that 77% of the particulatenickel was in water-soluble forms.
Fuel combustion is the second most important anthropogenic source of airbornenickel in Canada. Combustion of petroleum releases more nickel than combustionof coal or coke (Taylor et al., 1979; NRCC, 198lg Krishnan and Hellwig, 1982'aques,1987). Of the 689 tonnes of airborne nickel estimated to have beenproduced by fossil fuel combustion in Canada in 1975, 532 tonnes were from thecombustion of petroleum and 157 tonnes were from the combustion of coal and coke(almost exclusively at the Alberta oils sands extraction site) (NRCC, 1981).Available data suggest that nickel released into the air in Canada as a resultof fuel combustion is primarily in water-soluble forms (IPCS, 1991). Forexample, in one study nickel sulphate was identified as the main constituent (&77%) of fly ash from oil-fired utility boilers (the remainder was present asnickel oxide) (Henry and Knapp, 1980).
The alloy production industry and the scrap reprocessing industry are relativelyminor sources of airborne nickel. Atmospheric emissions of Ni from ferrous alloyplants are greater than from those producing non-ferrous alloys, because lowertemperatures are used and the non-ferrous product is more valuable, thereforebetter containment. Similarly, scrap recycling, performed primarily by the ironand steel sector, involves a melting process which generates Ni-bearing fumesthat are released to the atmosphere. Emissions from the intermediate nickelindustry result from fumes from stainless steel melting processes, which werefound to contain 5% of total nickel in a water-soluble form. Chemically, nickeloccurs in stainless steel manufacturing mainly as the metallic alloyed elementin the iron matrix or in small amounts as nickel oxide. Nickel emissions intothe atmosphere can occur potentially from electroplating, and from grinding,polishing, and cutting operations performed on the finished product and scrapmetal. However, in the case of electroplating, they are considered to be verylow or non-existent, or are retained in the workplace area (Radian Corporation,1984). Currently, no nickel-cadmium batteries are manufactured in Canada(Capowski, 1993).

The incineration of municipal garbage and sewage sludge accounts for only a smallfraction of nickel released to the atmosphere, primarily in soluble" (39-58%),"sulphidic" (&10%) and "oxidic" (40-61%) forms (Steinsberger et al., in press).This finding is consistent with earlier findings that 35-52% of the nickel in flyash from incinerated sludge was in the form of soluble nickel chloride andsulphate, and the remainder was in the form of less soluble oxides and silicates



(Henry et al., 1982). In the early 1980s Canadian emissions from incineration
of sewage sludge and municipal garbage were concentrated mainly in the provinces
of Ontario and British Columbia, with combined total emissions on the order of
0.1 tonnes/year (Jacques, 1987).

Other sources of atmospheric nickel emissions include cement manufacturing, coke
ovens, asbestos mining/milling, and cooling towers. During cement manufacturinggnickel is emitted either as a component of the clays, limestones and shales (rawmaterials) or as an oxide formed in high temperature process kilns. Nickelemitted to air from asbestos mining/milling is in the form of silicate minerals.
Barbeau et al. (1985) reported that crude crysotile asbestos fibres from several
mines in Quebec contained from about 60 to 390 pg/g nickel, and that mi.liedfibres contained up to about 2,000 pg/g. The emissions from coke ovens arelikely in the form of sulphides (N1~8~ and NiS) and nickel metal, owing to the
highly reducing atmosphere of the coke ovens (IPCS, 1991).
Table 6 lists the emission factors estimated in the early 1980s for a variety ofindustrial activities. Precise emissions calculations depend on nickel contentof fuels, which in turn depends on the origin and type of refinement. Coal andcrude oil contain from 1 to 80 mg Ni/kg (Sittig, 1975). Nickel in gasolineoriginates from abrasion in engines, metal container walls and possiblycatalysts. Frey and Corn (1967) documented a 5000-fold enrichment whereby adiesel engine containing 2 mg Ni/kg produced exhaust particles with 1% Ni, whichis quite atypical. Moreover, 81% of fine nickel emissions (aerodynamic diameter( 10 pm) were calculated to arise from fuel oil fly ash (Cass and McRae, 1983).

Water

Nickel (in dissolved and particulate form) enters the aquatic environment ineffluents and leachates, as well as through atmospheric deposition after release
from anthropogenic sources. As such, nickel occurs in aquatic systems as solublesalts adsorbed onto or associated with such substances as clay particles ororganic matter. The pH, pE, ionic strength, type and concentration of organicand inorganic ligands, and the presence of solid surfaces for adsorption affectthe fate of nickel in freshwater and marine water (Snodgrass, 1980). In naturalswaters, at pH's of 5 to 9, the divalent ion is the dominant form. Furthermore,if sulphate concentrations are high therein, nickel sulphate may be thepredominant soluble form (Richter and Theiss, 1980). Special environmentalsignificance may lie in the fact that nickel sulphate is very soluble in water.
Industrial effluents that contain a significant amount of nickel include thosefrom nickel mining, smelting and refining, metal plating, gold mining, and ironand steel processing. Acid mine drainage resulting from the natural oxidationof iron sulphide minerals in ore, tailings, and waste rock piles, accounts for
a substantial but unquantified portion of the nickel in effluents from the nickelmining industry (MacLatchy, 1992).
In Ontario, the total nickel contained in wastewater discharges of the primarynickel sector was approximately 27 and 49 tonnes in 1988 and 1989, respectively.In Manitoba, the primary nickel sector had wastewater discharges of about 26 and
15 tonnes in 1988 and 1990, respectively (Boyd, 1990; MacLatchy, 1992, 1993).During 1990, the wastewater treatment plant at Copper Cliff, Ontario, dischargedan average of 59 kg/day of nickel. The estimated loading of nickel to water inCanada in both 1988 and 1990 from mining, smelting and refinery operations was64 tonnes (Boyd, 1990; MacLatchy, 1992). Concentrations of nickel in theseeffluents were in the range of 16-27,200 pg/L (Boyd, 1990, 1991; MacLatchy,1992).

concentrations of nickel in effluents of copper and lead-sine mines are less than50 pg/L, and the amounts contributed to the Canadian environment areinsignificant compared to those from other mining operations (Environment Canada,



While most gold ores contain only traces of nickel, a few effluents from goldmines do contain significant amounts of nickel. The cyanidation process thatleaches gold from the ore also leaches nickel and other metals. Concentrationsof nickel in effluents from Ontario gold mines are in the range of 50-500 pg/Lgin other areas of Canada, the range is 21-277 pg/L.'he estimated loading of. nickel to water in Ontario in 1990 from gold mining operations was 12.9 tonnes(Boyd, 1992).
The use of sulphuric acid to extract uranium from its ore also results in minoramounts of nickel in effluents from uranium mines. For example, uranium mineeffluent discharged to Key Lake in Saskatchewan in 1990 contained 180 pg/L nickel(Environment Canada, 1992). In 1990, uranium mines introduced an estimated 1.9tonnes of nickel to the aquatic environment in Canada (MacLatchy, 1992).
In the iron and steel industry, the use of nickel in stainless steel results insignificant amounts of nickel in some effluents. In Ontario, integrated steelmills and small specialty steel mills emitted totals of 26 kg/day and 2.6 kg/dayin 1990, respectively (Boyd, 1991). In 1990, steel mills introduced an estimated87 tonnes of nickel to the Canadian aquatic environment. Metal platingoperations may discharge substantial quantities of nickel into municipal sewers(Boyd, 19911 MacLatchy, 1992), but no quantitative data on loadings wereidentified.
Land: Soil and Rock

Mining operations generate ore which is milled, but also waste rock which isdumped near mining sites. Milling operations produce a slurry of solids whichare settled in tailings ponds. Nickel may be leached from both waste rock andtailings. Nickel leached from poorly-controlled tailings areas can contaminatelocal groundwater, vegetation and other biota (Hawley, 1980). Slag, which isgenerated pyrometallurgically, is essentially dry and is disposed of on land.Sludge is generated through hydrometallurgical refining. The stability of thesludges and slags generated at nickel production facilities is unknown, but thesewastes (particularly slags) are considered to be relatively stable (MacLatchy,1993). Some of the highest concentrations of nickel in land are found at siteslocated near nickel smelters and metal refineries.

2.3 Exposure-Related Information
2.3.1 Fate
Air

Most nickel enters the atmosphere in particulate form. Generally, nickel-containing particles from anthropogenic sources differ in composition and aresmaller than particles of natural origin (Beijer and Jernelov, 1986). Nickelparticulates from anthropogenic sources have diameters in the range of 0.1-2 pm,while particulates in wind-blown dust, and from sea spray, volcanoes and plantexudates, have diameters in the range of 2-10 pm. Although the particle sisedistribution of nickel is primarily a function of its sources, secondaryprocesses such as coagulation and condensation may alter the sise distributionsomewhat as the aerosol ages (Schmidt.and Andren, 1980).
Compared to large particulate matter (&10 pm), fine particulate matter (1-10 pm)has a longer residence time in air and is transported over longer distances(Bei)er and Jernelov, 1986). Schmidt and Andren (1980) estimated an atmosphericresidence time of 5-8 days for most nickel-containing particulates of natural andanthropogenic origin. The particles were removed by wet and dry deposition innearly equal amounts. The persistence of gaseous nickel carbonyl in the



atmosphere is low. For example, at 25'C the half-life of ng/m~ levels of nickelcarbonyl is cl minute (Stedman and Hikade, 1980'PCS, 1991). Nickel compoundsdo not absorb infrared radiation (Lide, 1992).
Comprehensive estimates of the main elements of the global nickel cycle werecompiled by Schmidt and Andren (1980). It was estimated that 2.9 x 10~ tons ofnickel are introduced into the atmosphere from natural sources, and an additional5.2 x 10~ tons of nickel are emitted annually by human activities. Similarvalues for natural emission rates (3.1 x 10~ tons/year) are reported by Gallowayand co-workers (1982), but estimated anthropogenic emissions are significantlyhigher (1.1 x 10~). The discrepancy between these figures can be attributed tothe choice of emission factor for anthropogenic emissions. Airborne nickelreturned to the earth's surface is deposited on land or in ocean waters. Theland and ocean depositions are 5.6 x 10~ and 2.4 x 10~ tons/year, for ocean andland area, respectively (Schmidt and Andren, 1980).
The transport and distribution of nickel particulates to, or between, differentenvironmental compartments is strongly influenced by particle diameter andmeteorological conditions. Particle sixe is primarily a function of the emittingsource. The transport of large sised particles is controlled mainly bygravitational settling near the source of emissiony fine particles are recapturedby micro- and mesoscale convection and become incorporated into themicrostructure of clouds.
Ultimately, estimated man-made inputs into the atmosphere exceed the naturalinputs, and combustion of coal and oil and incineration of waste contribute morethan 70% of the nickel from man-made sources, followed by nickel mining andrefining with 17%. It has been estimated that the total amount of nickel thathas been dispersed into the world ecosystems through the atmosphere is 1.0 x 10~kg (Nriagu, 1979).
The distribution of nickel among suspended particulates in the air will determinethe fraction that is inhalable. Data on the siss distribution of nickelparticulates are limited. Lee and von Lehmden (1973) summarised data on the siseof nickel particulates in urban air and found mass median diameters of 0.83-167pm, 28-55%, the particles being less than 1 pm. A more recent summary of sisedistribution of trace elements in different areas yielded a mass mean diameterfor nickel particulates of 0.98 pm (Milford and Davidson, 1985). Nickel wasfound to be most concentrated in the smallest particles emitted from coal-firedpower plants (Natusch et aI., 1974). Particles of a mass median diameter of0.65-1.1 pm contained 1600 mg nickel/kg while 4.7-11 pm particles contained about400 mg nickel/kg.
Water and Sediment

As a result of physicochemical degradation of rocks and soil, dry and wetdeposition, as well as anthropogenic discharges, nickel is present in naturalwater bodies. However, it is often difficult to draw an exact distinctionbetween natural and man-made sources, due to the interaction of naturalatmospheric and hydrological processes, such as rainfall and streamflowtransport, with industrial emissions (Brecher et al., 1989'PCS, 1991).
Nickel is a relatively mobile heavy metal. In natural waters, nickel istransported in both particulate and dissolved forms. The pH, oxidation-reductionpotential, ionic strength, type and concentration of organic and inorganicligands (in particular humic and fulvic acids), and the presence of solidsurfaces for adsorption (in particular, hydrous iron and manganese oxides) canall affect the transport, fate, and biological availability of nickel in freshwater and seawater (Semkin, 1975& Callahan et a1., 1979; Snodgrass, 1980). Insome sediments under reducing conditions and in the presence of sulphur,relatively insoluble nickel sulphide is formed (Ankley et a2., 1991). Underaerobic conditions and pH ( 9, the compounds nickel forms with hydroxide,



carbonate, sulphate and naturally-occurring organic ligands are eufficientlysoluble to maintain aqueous Ni~'oncentrations above 60 pg/L (Callahan et a1.,1979).

Zn sediments and suspended solids, nickel can he distributed between phases suchas organic mate ial, precipitated and coprecipitated particle coatings, andcrystalline particles. For example, in one study nickel inprecipitated/coprecipitated coatings and crystalline particles accounted for 48%and 30%, respectively, of the total nickel transported in the Yukon Riveryorganically-hound particulate material accounted for 15i (Cihba, 1977).
Although Gibhs (1977) reported that most of the nickel transported in the YukonRiver was in particulate form, available data suggest that relatively littlenickel ia present in suspended solids in moat Canadian lake waters. For example,Rossmann and Barnes (1988) reported that less than 10% of the nickel in samplesof water (ohtained between 1980 and 1985) from the Creat Lakes, was in theparticulate (v 0.5 pm) fraction. Similarly, Nriagu et al. (1982) reported thatmore than 95% of the nickel in samples of water from lakes within a 20 km radiusof Sudbury was in the dissolved (aa opposed to particulate) phase.
Microbial activity or changes in some of the physical and chemical parametersdescribed above (e.g., decreasing pH, or increasing concentrations of organicligands) may result in desorption of nickel from suspended particulate materialor sediment into the water column (DiToro et al., 1986).
No data were identified on the potential for volatilization or photochemicalreactions of nickel compounds in natural waters.
Soil/Rock

Nickel is present in detectable amounts in most types of rocksi and it may bemobilized in the surface environment during the chemical and mechanicalweathering of rock to form soil. Kahata-Pendias and Pendias (1984) havedocumented the range of typical nickel content in rocks, from a low of 5 to 20pg/g for granites, sandstones and limestones, for example, to a high of about2000 pg/g for ultramafic rocks (dunites, pyroxenites, and peridotitee) in whichthe nickel is present in lattices of olivine and pyroxene minerals. Variousauthors have reported relatively high concentrations of nickel in soils and tillaassociated with mafic and ultramafic rock types in Canada (Roberts, 19801 Renczand Shiite, 1980; Kaszycki and DiLabio, 1986'laseen and Thompson, 1990; Shiiteand Smith, 1989).

Nickel that is leached by rain water from surface A horizon soil can accumulatein the adjacent subsurface B horizons. Results of studies in various parts ofCanada suggest that, in areas remote from sources of pollution, nickelconcentrations in A horizons are often lower (and in B horizons higher) thanthose in underlying relatively unweathered C horizons (Griffith et al. 1984;McKeague et al., 19791 McKeague and Wolynetz, 1980; Mills and Zwarich, 1975'oonand Abhoud, 1990'all and Marsh, 1988; Whitby st aI., 1978).
Nickel is preferentially adsorbed on iron and manganese oxides (which tend toaccumulate in soil B horizons), and can substitute for magnesium in the latticeof soil clay minerals (NRCC, 1981). Less nickel will reach groundwater ifremoved from solution hy these processes. Water solubility, and thushioavailability to plants, are affected by soil pH, with decreases in pi below6.5 generally mobilizing nickel (Sunderman and Oskarsson, 1988).
On the basis of nickel concentrations in soils and estimates of the loss ofnickel from continents, the residence time of nickel in soils was estimated tobe about 3,500 years (Nriagu, 1980).

10



Aquatic Biota
In general, bioconcentration factors (BCFs, defined as the ratio ofconcentrations in dry tissue to concentrations in water) for nickel in aquaticorganisms range from approximately 100 to 5,000. For example, BCFs have beenobserved in the range 120-550 for submerged lichens and 770-1,500 for submergedmosses (Dietz, 1973) g 2,000-4,500 for Daphnis species (Cowgill, 1976) p 200-1,000for clams, zooplankton, and benthos (Mathis and Cummings, 1973'utchinson etaI., 1976)g and 230-330 for fish (Hutchinson et al., 1976), depending uponexposure concentration and age of the organism. Higher BCFs (& 10,000) have beenobserved in some acid-tolerant and metal-tolerant flora (Hutchinson et al., 19761Mann et al., 1988)

Some benthic organisms such as unionid clams, periphyton and crayfish canaccumulate higher concentrations of nickel than pelagic organisms (Hutchinson etaI., 1976& Forester, 1980; Krantzberg, 1985). However, reported bioconcentrationfactors for sediment-associated biota (defined, in this case, as the ratio ofconcentrations in wet tissue to concentrations in dry sediment) are generally Sl(Hutchinson et a1., 1976; Wren et al., 19831 Eriksen et al., 1989).
Although there is potential for biomagnification because of high concentrationsin algae and macrophytes, animals appear to be able to regulate the nickelcontent of their tissues, either by controlled uptake or by increased excretion(Stokes, 1988; Darmono, 1990). No data were identified in support of thebiomagnification of nickel through fresh water food chains (Stokes, 1975'ooreand Ramamoorthy, 1984; Watras et a1., 1985). When algae and macrophytes die, thedetritus produced is the ma)or food source for fungi and bacteria and in this waynickel can re-enter the food chain (Mudroch, 1980& NRCC, 1981).
Bacteria can influence the chemistry and transfer of nickel through the aquaticfood chain. For example, reducing conditions in water may lead to the microbialconversion of sulphate to sulphide, and the subsequent precipitation of insolublenickel sulphide (Babich and Stotzky, 1983a,b).
Terrestrial Biota
In general there is a good correlation between concentrations of nickel in a widerange of Canadian soils and those in plants that grow on these soils (Cataldo etal., 1978; Aschmann and Zasoski, 1987'arren and Delevault, 1954) Rencz andShilts, 1980). Soil factors influencing the availability of nickel to plants andits subsequent uptake include pH, organic matter content, clay and hydrous ironand manganese oxide content, and cation exchange capacity (Halstead et al.g 1969)Haq et a1., 1980; Richter and Theiss, 1980). Soil pH is of particularimportance. At low pHs acid-soluble nickel compounds are unstable, and thesoil's capacity to remove nickel from pore water by adsorption (onto hydrous ironoxides, for example) is very low. Low pH (s 6.0) therefore strongly favoursbioavailability (Halstead et al., 1969; Bisessar, 1989) .
No data were identified indicating that biomagnification of nickel is importantin terrestrial wildlife food chains. In studies comparing concentrations ofnickel in wildlife and their food, concentrations of nickel were either similarin different trophic levels (Wren et al., 1983; Scanlon, 1987; Beyer and Miller,1990) or declined with increasing trophic level (Custer et aI., 1986& Szefer andFalandysz, 1987). For example, dietary items of ruffed grouse (Bonasa umbellus)near Sudbury, Ontario contained 32-95 pg/g dry weight, whereas grouse bodytissues typically had 10-fold lower concentrations of nickel (Rose and Parker,1983).

11



2.3 ~ 2 Concentrations in the Environment~

In general, there is a lack of data on speciation of nickel in ambient air and,therefore, most reported data refer to total concentrations of particulatenickel. Examples of nickel concentrations in ambient urban air are shown inTable 7, Table 8 and Figure 2. In a survey conducted in eleven Canadian urbancities and one rural site from 1987 to 1990, the reported annual meanconcentrations of nickel ranged from 1 to 20 ng/m~ (maximum values ranged from6 to 77 ng/m3) g the annual mean concentration at Walpole Island was 1 ng/m(Dann, 1991). The levels recorded for the same cities during the period 1984 to1987 were similar, with annual mean values ranging from 1 to 26 ng/m* (Dann,1990). Based on limited data, maximum values for concentrations of nickel inambient air may be significantly elevated in the vicinity of industrial sources.For example, maximum concentrations which occurred near nickel production sites,such as Copper Cliff, Ontario, in 1980, 1986 and 1988 were 4,400, 2,300 and 6,100ng/m3, respectively (Brecher et al., 1989& Dobrin and Potvin, 1992'ME, 1992).Averages for the Sudbury-Copper Cliff area during the period 1978-1988 were inthe range of 100-250 ng/ml (Chan et al., 1986; Dobrin and Potvin, 1992). Insamples of ambient air taken during 1978 to 1980 in the Sudbury basin,concentrations of nickel ranged from 1 to 732 (mean 21) ng/m~, while levelsranged from 10 to 124 and 3 to 36 ng/m't distances of 0 to 39 km and 0 to 37km respectively, from the INCO and Falconbridge smelters (Chan and Lusis, 1986).For remote locations such as the Canadian Arctic, the annual mean concentrationwas 0.38 ng/m3 in the early 1980s; maximum concentrations were not reported (Hoffand Barrie, 1986). The concentration of nickel in the stratosphere was below thedetection limit of 1 ng/m* (Dann, 1991). Nickel fallout from smelter sites isindicated in Table 9 and Figure 3.
Drinking Water

The mean concentrations of nickel in drinking water in a survey of 96 plantsacross Ontario, with the exception of those for Sudbury, ranged from 0.2 to 7.2yg/L (Jenkins, 1992, personal communication) and are similar to those reportedin earlier surveys conducted across Canada (Neri et al., 1975'eranger et aI.,1981). In surveys of drinking water supplies conducted between 1985 and 1988 inNorthern Alberta and the Atlantic Provinces, the mean concentrations ranged from2.1 to 2.3 yg/L (Moon et al., 1988; Environment Canada, 1989a-d). Levels indrinking water in the Sudbury area sampled between 1972 and 1992 were markedlyhigher, with mean concentrations ranging from 26 to 300 yg/L (Flora and Nieboer,1980; Hopfer er al., 1989; Jenkins, pers. comm., 1992). Figure lc illustratesvalues of nickel in drinking water samples across Ontario (Jones-White, 1992).
Surface Water and Sediment

In marine systems, most nickel concentrations range from 0.228 to 0.693 pg/L(Bruland et al., 1979). As indicated in Figure la, Figure 1b and Table 10,concentrations of nickel in Canadian surface waters have been generally reportedto range from 1 to 10 pg/L for .relatively uncontaminated fresh waters. Forexample, L6ger (1991) reported that nickel concentrations were typically lessthan 2 pg/L in several thousand samples from streams and lakes collected from1973 to 1990 throughout Atlantic Canada. Similarly, in certain parts of theGreat Lakes, dissolved nickel is less than 20 pg/L (Jackson, 1988). Much higherconcentrations were detected (mean values up to 6,300 pg/L in filtered samplescollected from 1975 to 1981) in pond waters near Smoking Hills, NorthwestTerritories, where the spontaneous burning of bituminous shales has resulted in

Unless otherwise specified, the cited data on environmental levelsof nickel refer to total nickel.
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the natural release of large cpaantities of nickel and other metals to localsurface waters (Havas and Hutchinson, 1983). Elevated mean concentrations (50to 1,400 pg/L) have also been reported by several authors in lakes near Sudbury,Ontario (Hutchinson and Havas, 1986; Keller et al., 1992). For example, Dixitet a2. (1991) reported a mean of 131 pg/L of total nickel (maximum ~ 2,000 pg/L)in water samples collected in 1984 and 1987 from 72 lakes representing a rangeof pH conditions (4.0 to 8.0) located within 100 km of Sudbury. Keller et a1-(1992) compared concentrations of total nickel in water collected in 1981 and1989 in 41 acidic lakes near Sudbury. They concluded that, although majorreductions in emissions of trace metals to the atmosphere from the nickel-coppersmelters in the 1970s led to significant decreases in concentrations of nickelin some lakes near Sudbury by the early 1980s, there was no evidence of a furtherdecline since 1981. Concentrations were reported to have decreased exponentiallywith increasing distance from Sudburyg from 50 to 450 pg/L of total nickel werereported in lakes within a 20 km radius of Sudbury (Keller et al., 1992). Recentestimates of preindustrial concentrations of nickel in lakes in the Sudbury areaby Dixit et al. (1992), as well as decreases of over 80% in nickel concentrationsin Sudbury lakes after atmospheric emissions from smelters were reduced in theearly 1970s (Hutchinson and Havas, 1986), suggest that a significant fraction ofthe nickel in lakes closest to Sudbury was- deposited from the atmosphere afterbeing released from local smelters. Three-to-thirtyfold elevations abovebackground levels in the Buchans Brook outflow and waste water outfalls frommaritime industry, are indicative of anthropogenic contributions to theenvironment (Lhger, 1991). Results of studies by Nriagu et. al. (1982) indicatethat more than 95% of total concentrations of nickel in water from lakes in theSudbury area is in the dissolved phase.
Selected data on total concentrations of nickel in Canadian sediments arepresented in both Figures Sa and Sb. Concentrations of nickel in sediments fromCanadian lakes varied from &10 pg/g dry weight in deeper or uncontaminated sedi-ments (Bodo, 1989) to &4,000 pg/g dry weight in contaminated surface orsubsurface sediments (Bradley and Morris, 1986). Concentrations of nickel werehighest in surface sediments in lakes within a radius of 40 km or more of thenickel-copper smelters at Sudbury, and in the Nelland River, downstream from asteel manufacturing plant (Dillon and Smith, 1984& Palmer et al., 1989'ickmanet al., 1990). There was a paucity of data regarding nickel concentrations inestuarine, coastal and oceanic sediments.
Soil
Estimates of the nickel content of the earth's crust range from 37 to 72 pg/g(Nriagu, 1980). Concentrations of total nickel in some Canadian rocks and soilsare respectively presented in Figure 6a, Figure 6b, and Table ll. Based on asurvey of 288 samples collected in the early to late 1970's from 81uncontaminated areas in Canada (McKeague et a2., 1979), the mean concentrationof total nickel in Canadian soils was 22 pg/g (range ~ 1 - 67 pg/g). Zn morerecent surveys of samples collected in five different locations in the provinceof Alberta, the mean concentrations of total nickel at different sites rangedfrom 15 to 24.9 pg/g (Alberta Environment, pere. comm., 19911 CEA, 19851 Soonand Abboud, 1990'piers et al., 1989). Given the distribution of nickel-enriched (mafic and ultramafic) bedrock in Canada, local areas of naturallynickel-enriched soil likely exist in most regions, with the possible exceptionof the St. Lawrence River lowlands and the southern plain regions of Alberta andSaskatchewan (Doyle, 1991). Rencz and Shiite (1980) reported concentrations ofseveral hundred pg/g total nickel (and up to about 1,200 pg/g) in the silt- andclay-size fraction (& 64 pm) of till, near an outcrop of ultramafic rock in theThetford Mines area of Quebec, and 80 to 560 pg/g total nickel in acidic soilsassociated with sulphide ore bodies near Ferguson Lake, NWT. Roberts (1980)reported even higher concentrations (mean 3,460 pg/g total nickel) in neutral(pH 6.8-7.3) soils developed on ultramafic (serpentine) bedrock in westernNewfoundland.
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Although nickel levels in soils can be naturally elevated in certain areas,anthropogenic atmospheric deposition can also increase the nickel content oftopeoile near major sources of emission. Mean concentrations of total nickelranging from 1,800 to 1,900 pg/g were reported in surface soils collected in the1970s within 10 km of nickel-copper emelters in Sudbury, Ontario, and Thompson&Manitoba, and within 5 km of a nickel refinery in Port Colborne, Ontario(Freedman and Hutchinson, 1980'utchinson et al., 19811 Temple and Biseasar,1981). Reported concentrations typically decreased with increasing distance fromthese sources. This trend, along with the strong enrichment (up to an order ofmagnitude or more) of nickel in surface relative to subsurface horisona in theSudbury and Port Colhorne areas (Freedman and Hutchinson, 19801 Temple andBisessar, 1981), suggest that moat of the nickel in these surface soils wasdeposited from the atmosphere after release from local metal processingfacilitiee. Results of studies in the Sudhury area hy Freedman and Hutchinson(1980) and Brecher et al. (1989), indicate that in the late 1970a and early 1980sconcentrations of nickel were elevated above background values (i.e.approximately 25 pg/g) within a radius of up to 100 km of Sudhury, and that thesoils affected were typically acidic (pH 4.0 - 5.0). The pH of the organic soilsnear the refinery at Port Colborne was reported to he in the neutral range(Temple and Bisesaar, 1981).
Nickel concentrations reported in samples of surface soils collected recently inthe Sudbury area are somewhat lower than those reported in the 1970s and early1980s, likely because of leaching and erosion processes (Haelett et al., 1984&Gundermann and Hutchinson, 1993). For example, average concentrations of totalnickel in samples collected in the mid-1980s to early 1990s within approximately5 km of the smelters ranged from about 100 to 725 pg/g (maximum ~ 1760 pg/g)(Archambault, 1991; Winterhalder, pere. comm., 1992 and 1994). Concentrationsof water-extractahle nickel have also decreased in soils near Sudbury. Forexample, values of 4 to 74 pg/g water-extractahle nickel [equivalent to about 12to 220 mg Ni/L in soil pore water, (Figure 6b)) were reported in surface soilscollected in the early to mid-1970s within a radius of 6 km of the ameltera(Freedman and Hutchinson, 1980; Gundermann and Hutchinson, 1993), whereas samplescollected from the same areas in mid-1980s to early 1990s contained only from 0.7to 4.9 pg/g of water-extractahle nickel (equivalent to 2 to 15 mg Ni/L in porewater) (Gundermann and Hutchinson, 1993; Winterhalder, pere. comm., 1994). Asshown in Figure 6b, the average concentration of nickel in 24 samples of porewater of organic wetland soils collected within a radius of about 20 km ofSudbury was recently reported to he 3.5 mg/L (range 0.6 to 22.6 mg/L)(Winterhalder, pere. comm., 1994).
Aquatic Biota
Few data were identified on concentrations of nickel in aquatic biota in Canada.As expected, such concentrations depend upon the organism and the location fromwhich the sample was obtained. Concentrations were normally elevated inorganisms in areas close to nickel smeltera. In fish (whole body), invertebratesand flora from uncontaminated Canadian waters, mean concentrations of nickel were2 pg/g wet weight, 4-29 pg/g wet weight and 1 pg/g dry weight, respectively(Hutchinson et al., 1976; Mudroch, 1980; Percy, 19832 Wren et al., 1983'ohnsonet al., 1988; Krantxberg and Stokes, 1990). The mean concentration ofnickel in insect larvae in 1984 in the Wanapitei region near Sudhury wae 22.3pg/g dry weight (Krantsberg, 1985). Concentrations of nickel in sooplankton from6 of 7 lakes sampled near Sudbury were lees than 25 pg/g dry weight (Yan andMackie, 1989). The highest mean concentration of nickel in aquatic plantscollected in the 1970's near Sudbury was 290 pg/g dry weight in aquatic weedssuch as Elodea canadensis and Potanogeton richardsonii (Hutchinson et al., 1976) .Concentrations of nickel in tissues of several species of fish from the FrenchRiver in Ontario (which is slightly contaminated hy nickel) were as high as 52pg/g wet weight (Hutchinson et al., 1976; Evans, 1991). Concentrations ofnickel up to 921 pg/g dry weight have been reported in the gut of crayfish(Cambarus hartoni ) collected from Nepahwin and Ramsey Lakes in Sudhury (Bagatto
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and Alikhan, 1987).

Metal-tolerant green algae, consisting primarily of Chlorococcales and
Chlorophyta species, isolated from Sudbury area lakes had concentrations of
nickel of 4.5 pg/g dry weight (NRCC, 1981; Havas and Hutchinson, 1983). Algae
from pristine locations contained about four times less nickel.
Terrestrial Biota

Information on concentrations of nickel in Canadian vegetation is presented inFigure 6b, and Table 12 (a,b,c). According to Hutchinson et al. (1981)&concentrations of nickel in Canadian vegetation in areas remote from pointsources are typically less than 10 pg/g dw (dry weight). McIlveen and Negusanti
(1993) reported that mean concentrations in 65 plant species collected from 1990to 1992 mostly in areas with no obvious nickel contamination were typically lessthan 6 pg/g dw. Higher concentrations have been reported in Canadian vegetationin areas with naturally and anthropogenically nickel-enriched soils. Rencz andShilts (1980) found mean values of 35 - 60 pg/g dw nickel in leaf tissue of fourspecies of arctic plants growing in acidic soils near sulphide ore bodies near
Ferguson Lake, NWT, and mean values of 10 to 20 pg/g dw [calculated as 0.05 x ash
weight (Brooks, 1980)] in the leaves of four species of native trees near an
exposure of ultramafic bedrock near Thetford Mines, Quebec. Elevatedconcentrations of nickel (mean ~ 140 pg/g dw; maximum ~ 460 pg/g dw) were alsoreported by Freedman and Hutchinson (1980) in samples of 17 terrestrial plantspecies collected in 1976 within 3.5 km of one of the smelters at Sudbury.Concentrations decreased with distance from the smelter, reaching a mean ofapproximately 12 pg/g dw at a distance of 60 km. Nickel levels in aspen(Populus tremula) leaves from the crops of ruffed grouse near Sudbury ranged from61.7 pg/g dw in May, 1980 to 136 pg/g dw in September 1980 (Rose and Parker,1983). Samples of lawn grass, timothy and oats exhibiting symptoms of nickeltoxicity collected from 1981 to 1984 in the Sudbury area contained an average ofabout 100 pg/g nickel dw (range ~ 80 to 150 pg/g dw) (Negusanti and McIlveen,1990). Frank et al. (1982) also reported high concentrations of nickel (meanvalues from 40 to 290 pg/g, dw) in the top portions of vegetable crops (beet,cabbage, radish, celery and head lettuce) grown in 1980 and 1981 in soils locatedabout 1 km from the nickel refinery at Port Colborne, Ontario. All of the plantsanalyzed by Frank et al. (1982) showed evidence of in)ury (e.g. reduced yield,stunted growth, chlorosis and necrosis) which the authors attributed to exposureto high levels of nickel in local soils.
Tissues of wild mammals and birds from uncontaminated habitats in Canada andelsewhere contained &0.1 to about 5 pg/g dry weight, whereas in nickel-contaminated environments, mammalian and avian tissues accumulated about 0.5 to
10 pg/g dry weight (Outridge and Scheuhammer, 1992). The highest concentrationswere usually associated with tissues directly exposed to the external environment(fur, feathers, skin). Concentrations of nickel in the most commonly analyzedinternal organs (liver and kidney) ranged from nondetectable to about 3 pg/g dryweight, with higher concentrations in the kidney than in the liver. Few datawere identified on concentrations of nickel in wildlife in Canada. Figures 4aand 4b summarize concentrations of nickel determined in the livers and otherorgans of mammals and birds in Canada. Concentrations of nickel in the kidneysof grouse (Bonasa umbe11us) near Sudbury (3.0 pg/g dw) were about two- to four-fold higher than those in grouse 100 km away (Rose and Parker, 1983).
Therefore, nickel is a ubiquitous trace metal that is found in the soil, water,and air environmental compartments of Canada. Entry into the Canadianenvironment occurs mainly from anthropogenic base metal mining, smelting andrefining activities. However, nickel is emitted into the environment from otherman-made and natural sources, is circulated throughout all the environmentalcompartments by means of chemical and physical processes, and is biologicallytransported by living organisms up the food chain. In wildlife, for example,nickel is found in many tissues and organs, due to dietary uptake by herbivorous

15



animals and their carnivorous predators. Nevertheless, there is no evidence forthe hiomagnification of nickel in the food chain.

2.4. Effacts-Related Information
2.4.1 tcotoxicology
Aquatic Biota
There are significant differences in susceptibility to nickel among taxa.Observed acute and chronic non-lethal effects in fish and invertebrates includetissue damage, genotoxicity, and decreased growth (EIFAC, 1984'PCS& 1991)-Some fungi, microorganisms and invertebrates ( ~ .g., chironomida) are relativelytolerant of nickelg invertebrates that are relatively sensitive include molluscs&crustaceans and Daphnis. Despite heing sensitive, Daphnis magna may he able toregulate nickel uptake, excretion, or both (Hall, 1978). Tolerant biota havebeen isolated from naturally mineraliaed and anthropogenically contaminatedhahitats. For example, the alga Suglena mutabilis isolated from strongly acidicponds near Smoking Hills, Northwest Territories, and the alga ChlorellasaccharophiIa isolated from roots of hairgrass (Deschempsia cespitoss) fromcontaminated Sudbury area soils, have been shown to grow well in their respectiveenvironments (NRCC, 1981& Nakatsu and Hutchinson, 1988).
Representative data on the range of concentrations of nickel in fresh waterproducing acute or chronic toxicity in algae and aquatic macrophytes,invertebrates, amphibians and fish is presented in Assessment Figure 1. Acuteor chronic toxicity to freshwater organisms results from exposure toconcentrations of nickel in the range of 24-10,000 pg/L. The most sensitivefreshwater organisms in short-term acute toxicity teste were the mussel Anodontaimbecilis and the snail Juga plicifera. The 96-h LCNo for these organisms were190 pg/L (soft water) and 102 yg/L (very soft water), respectively (Keller andZam, 1991; Nebeker et aI., 1986). Sensitive freshwater organisms in chronictoxicity tests included: rainbow trout, Oncorhynchus myles, with an avoidancethreshold of 24 pg Ni/L (Giattina et aI., 1982)g the cladoceran, Daphnis magna,for which tests over seven generations showed that nickel concentrations of 40pg/L and above decreased the mean life span (Munainger, 1990)g the algaScenedesmus acuminatus, for which cell numbers were reduced hy 50% on exposureto 50 pg Ni/L (Stokes, 1981)g the alga Anabasna inaegualis, for which growth waainhibited at 50 pg Ni/L (Stratton and Corke, 1979)g rainbow trout embryo/larvalstages, with a 28-day LC of 50 pg Ni/L (Birge, 1978'irge et al., 1978)g andthe narrow-mouthed toad, Gastrophryne carolinensis, embryo/larval stages, witha 7-day LC~O of 50 pg/L (Birge, 1978). In each of the studies cited above,NiC1~.6H~O was used for testing.
In Assessment Figure 2, available data for the toxicity of nickel to freshwaterbenthic invertebrates are presented. No spiked-sediment hioasaay data on theeffects of nickel to freshwater benthic invertebrates were identified. However,a field co-occurrence study of 422 locations in and ad)acent to the Creat Lakesregion indicated 5% of the known sensitive benthic invertebrate species wereabsent from sediments with nickel concentrations of 216 pg/g dry weight(Jaagumagi, 1990), and 95% of known invertebrate species were absent fromsediments with nickel concentrations of 275 pg/g dry weight (Jaagumagi, 1990).
Terrestrial Biota
Assessment Figure 3 presents selected information on concentrations of nickel insoil that produce adverse effects in microorganisms and microbially mediated soilprocesses. Nickel additions to soil (as NiSO~) of 100 pg Ni/g soil disrupted thenitrogen cycle by stimulating nitrification and nitrogen mineralieation, whichresulted in a loss of soil nitrogen through leaching. Since nitrogen ie probablythe most limiting nutrient in boreal forest ecosystems, this loss could have
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adverse ecological effects (deCatanzaro and Hutchinson, 1985a, 1985b). Growthof the filamentous fungus, Aspergillus c1avatus, was reduced by 36% when 50 pgNi/g were added (as NiC1~.6H~O) to an acidic soil (pH 4.9) already containing 20pg Ni/g soil (Babich and Stotzky, 1982). The growth and survival of severalspecies of microorganisms (hgrobacterium racfiobacter, Bacillus msgaterium,Cryptococcus terreus and Torulopsis glabrata) were significantly reduced aftera seven-day exposure when 250 pg Ni/g (the lowest exposure concentration tested)were added to this soil (Babich and Stotzky, 1982). By contrast, the growth andsurvival of microorganisms were not affected when 1000 gg Ni/g (the highestexposure concentration tested) were added to an alkaline soil (pH 7.7) alreadycontaining 17 pg Ni/g soil (Babich and Stotzky, 1982).
Although nickel is essential for plant growth (Brown et al., 1987a,bg Ferago andCole, 19881 Hutchinson, 1992), relatively high concentrations of nickel can haveadverse effects to plants. Nickel may cause plant infertility in nickel-enrichedultramafic (serpentine) soils (Brooks, 1980). Ceneral signs of nickel toxicityare reduced growth of roots and shoots, poor branching, deformation of variousplant parts, decreased dry matter production, leaf spotting, abnormal flowershape, mitotic root tip disturbance, germination inhibition, and chlorosis thatcan 'lead to foliar necrosis (Mishra and Kar, 1974'auser, 1978& McIlveen andNegusanti, 1993). Although effects have been reported in tolerant plantscontaining up to 1,000 pg/g dw, based on available data effect thresholds arenormally below about 80 pg/g dw of plant tissue (Kabata-Pendias and Pendias,1984; Aller et al., 1990; McIlveen and Negusanti, 1993'ogan and Rauser,1979'oxand Hutchinson, 1980). The most sensitive plants in chronic tests werebarley (Hordsum vulgare) and ryegrass (LoZium perenns) for which respectiveeffect (reduced yield) thresholds were 12 and 14 pg Ni/g dw in plant tissue(administered in nutrient solutions as NiC1~ for 14 and 36 days, respectively)(Davis and Beckett, 1978). Frank et al. (1982) reported symptoms of injuryincluding stunted roots and tops, chlorosis, necrosis and discoloured roots, aswell as reduced yields in celery, lettuce, radish, cabbage, and beets containingas little as 15, 25, 56, 76 and 94 pg Ni/g dw in plant tops, respectively.Although the tests were carried out in organic soils contaminated with bothnickel and copper from a nickel refinery, copper concentrations were notconsidered to be high enough to cause crop damage (Frank et al., 1982). Lozanoand Morrison (1982) reported that growth was reduced in white spruce (Piceaglauca (Moench) Voss) seedlings when concentrations in needles were approximately80 pg Ni/g dw (administered in nutrient solutions as NiSO~ for 12 weeks). Intests using nutrient solutions spiked with NiSO4, necrosis and chlorosis werereported in leaves of oat seedlings after exposure to nickel for 33 days'ickelconcentrations in the affected oat (Avena sativa) leaves were about 80 pg/g dw{Vergnano and Hunter, 1952).

As indicated in Assessment Figure 4, study of the effects of dissolved nickel onplants grown in nutrient or sand cultures indicates that effect thresholds aretypically in the range of 2 to 15 mg/L. For example, Brenchley (1938) reportedreduced growth (measured over two growing seasons) in both barley and broad beansgrown in water cultures containing 2 mg Ni/L as either NiC1~ or NiSO~. Whitbyand Hutchinson (1974) reported that nickel inhibited the elongation of tomato(Lycopersicum esculentum) roots when present in nutrient solutions at 2 mg/L asNi(NO~)~ after exposure for 9 days. In tests using sand cultures, chlorosis wasreported in leaves of oat (Avena sativa) seedlings exposed for 33 days to 2.5 mgNi/L as NiSO~ (Vergnano and Hunter, 1952).
Data on effects of nickel, added to soil in water-soluble forms, on various typesof agricultural plants, are summarized in Assessment Figure 3. Yields of oats,novena sativa, and mustard, Brassies sp., decreased by 16 and 31%, respectively,when grown in soils containing added nickel (from NiSO,) concentrations of 50pg/g soil at a pH of 5.7 (Webber, 1972). With an added nickel concentration of100 pg/g, the yields of oats and mustard, decreased by 71 and 97%, respectively.At a pH of 6.4, nickel had a much smaller effect on yields of both oats andmustard (Webber, 1972). For lettuce, Iactuca longifolia, a yield reduction of
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25% was reported when approximately 75 and 270 pg Ni/g were added (as NiSOg) toan acid and a calcareous soil, respectively (Mitchell et al., 1978). For wheat,1'riticum aestivum, a 25% reduction in yield occurred when approximately 110 and250 pg Ni/g were added to the acid and calcareous soil, respectively (Mitchellet al., 1978).

In adult mallards (Anas platyrhynchos) ingesting diets containing 0, 12.5, 50,200, or 800 pg/g dry weight nickel for 90 days, there were no effects on thefollowing endpolntse body weight, histological changes in the liver or kidney,tissue damage, and changes in blood chemistry. Egg laying, hatchability, andsurvival of hatchlings to 14 days of age were likewise unaffected at these doselevels (Eastin and O'hea, 1981). However, when newly-hatched mallard ducklingswere exposed to 0, 200, 800, or 1,200 pg/g dry weight dietary nickel for up to90 days, significant effects were observed at 800 pg/g. The ducklings developedtremors and ataxia by 28 days, and began to die at 60 days (Cain and Pafford,1981). The effects were similar, hut more severe, at 1,200 pg/g, while no signsof toxicity were seen at 200 pg/g. Newly hatched chickens (iallinus domesticus)maintained for 3 weeks on diets containing 0, 300, 500, 700, 900, or 1,100 pg/gdry weight dietary nickel had significantly slower growth rates at the 300 pg/glevel and above (Ling and Leach, 1979). Mortality was also noted, at the 500pg/g level and above, becoming severe (50%) at the 900 pg/g level.
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Table 1 Nickel compounds reported in domestic substances list (1991) in quantities exe~Jng 10,000

Nickel compound name

744042&

69012-504

7786-81-4

12035-72-2

121053-36-9

3333%7-3

1313-99-1

7718-54-9

11113-750

121053-334

121053-32-5

12334-31-5

13463-39-3

121&7-56-3

51467@7-3

67806-76-2

13138-45-9

13770-89-3

71631-15-7

12054-48-7

14516-71-3

125378-37-2

13927-77M

8007-18-9

373C2-I

Nickel

Nickel meet~

Sulfuric acid, nickel(2+) salt (1: I)
Nickel sulfide (Ning
Slimes and sludges, nickel refining

Carbonic acid, nickel(2+) salt (1:1)

Nickel oxide

Nickel chloride

Nickel sulfide (NiS)

Slags from nickel refining

Flue dust f'rom nickel refming

Nickel, [carbonato(2-)] hexahydroxytetra-

Nickel carbonyl

Nickel hydroxide

Nickel(2+3, hexaatnmine-, dihydroxide

Nickel(2+), hexaamnune-, carbonate (1: I)
Nitric acid, nickel(2+) salt

Sulfamic acid, nickel(2+) salt (2:1)

Colour Index Pigment Black 30

Nickel hydroxide

Nickel(l-buanamine)[2,2'-thiobis[4-(1,1,3,3,-tetramethylbutyl)phenolato]](2-)-0

Nickel&wl-),[3pydroxy+(4eethyGedhphenyl)ato]-2mpluhalenecarhomxylsro{3-)]4

Nickel, bis(dibutylcarbamoddithioato-S,S')-,(SPA1)-

Colour Index Pigment Yellow 53

Acetic acid, nickel(2+) salt



Table 2: Canadian nickel production

Particulars
Annual Canadian Ni production (1000 tonncs)
Ann. avg. pricdlb. - N~ York dealers
Ann. avg. price/lb. - LME, USS
&~t ~age Rate (USS/CanS)

Ontario Can SM
Manitoba Can SM
Total Can SM

Net Export to USA. (Can SM)
Net Export to KE.C.
Nct Export to Japan
Net Export to Other
Total Net Exports (Exports - Imports)

'ercentage of total Canadian production

References cited:
MAC. 1991. Mining in Canada: Facts and Figures
Df R. 1991. 1990-1991 Minerals Yearbook

1985 1988 1989 '990
169.971 198.744 195954 196.606

5.982 4.074
6.036 4.021

1.1842 1.1668

1316.618 65.1
707a35 348

1217988 2790.417 3042278 2023.953 100.0

714.963
212.765
26.409

3279&7
1281.724



Table 3: Industrial applications of nickel and its compounds in Canada

Eap labssccpass
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QcoRDUt 11 TExnLE lELLFEoovczs
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Table 3: Industrial applications of nickel and its compounds in Canada (continued)
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Table 4: Annual industrial emissions of nickel to the Canadian atmosphere in tonnes (1982)

SECTOR
%OF

NF PEI NS NS PQ ON MS SK AS SC TER CANADA TOTAL

INDUSTRIAL PROCESSES:
Mining Operalhna
Primary Copper/Nkkcl Pnxludion
Primary Lead/Zinc Pnxludbxr
Primary Iron & Sled Pnxludbxa
Ccmcnl Manufadure
Ferrous Foundries
Ferro Alloys
Pclroicum RcAalng

I
X X

X X X

12

122 403
X X X8'3

X X
X 2

3 X
X X I X

I

X
X

X X X

$

X
X
I 2 I

X X X
X X X

17

$2S

X
47

I

3

3
3

2.0

62.1
0.0

$ .6

O.I

0.4

OA

OA

FUEL COMSUSTION/STATIONARY SOURCES:
Power Gcneralion I X I4
Commerdal Fuel Combuslion I X
Indualrial Fuel Combualion 9 X 6
Rcaidcnlial Fuel Combuslion . X X X

2$ I
2 14

12 62
X 2

X X ll X X
$ '. X I 2 X

29 3 3 X 11 X
X X X X X X

$6
31

III
6

6.6
3.7

16.1

0.$

TRANSPORTATION:
Molor Vehicles (Gasoline & Dicsd)
Railroad
Marine
Off-Road (Gasoline & Dicsd)

X X X X I I X X X X X
X X X X X X. X X X X X
X X X X S 2 X X 3 X
X . X X X X X X X X X X

3
X
10

I

0.4

X
1.2

O.l

SOLID WASTE INCINERATION:
Municipal Rcfuse
Scwagc Sludge

X X
X

X
X

X
X

I
X

O.I

X

TOTALS 12 I 26 60 222 49I I I 6 Id 23 I 100.0

Reference Ciled: Summary of Emisaions of Anlimony, Arsenic, Cadmium, Chromium, Copper, Lead, Mangancac, Mercury & Nickel in Canada
A.P. Jacques, Environmcnl Canada, May 1987 (unpublished rcporl of Conaclvalion and Proledion).



Table 5: Industrial dust emissions for Canadian nickel producers

Source

INCO 381-m stack (tonnes)

INCO 381-m stack
fugitive e issions (tonnes)

INCO 381-m stack (kg/h)

INCO 194-m stack (tonnes)

INCO Smelter (tonnes)

Falconbridge 93-m stack
(tonnes)

Period
Measured

(yrs)

1973-1981
1982-1989~

1982-1989

1973-1981

1973-1981

1973-1981

1973-1981

Minimum
Yearly

Emission

28

12
(in 1979)

15

Maximum
Yearly

Emission

342
892

SS
(in 1974)

Average
Yearly

Emission

228
396

31

9.6

References cited:
INCO Correspondence (March 18, 1992; March 19, 1992)

The remainder is from Chan h, Lusis (1986) [Basis: 365 x 24 h/day production].



Tabk 6: Nkkal emhs&n factors

Sector

Ni Nininy/Ni lling
Ni Concentrating

1'u/Ni f'roduction

1'e/Steel Production
SInteriny

-QLast Furnace
SteeL furnace: 80/OH

-Steel Furnace: Electric Are

Non-Ferrous ALLoys
-AL fcxndries
-yrass/Bronte/Cu Foundries

Ferroalloy

Ferrous Foundries

Glass Products

Cement Nanufaeturing

yatterv Production

RcQrber Tires/Products

Patrols'efininy
fueL Combustion-Stationary S: ~ Diesel Oile Light Oi l
~ Heavy Oili Coal

-Transportation Sources
~ Gasoline
~ Aviation Fuel
~ Diesel OIL
~ Light Oi I
~ Heavy Oil
~ Coal

Solid Vaste Incineration
-ihunieipai Refuse

Savage Sludge

Ni Emission factor

0.71 y/tome Ni ore milled

(10.8-17.0) Q/tune Ni concentrate

(0 01-3A'I) ky/tome Cu C Ili refined

0.20 x 10-3 ky/tace Irm
3.02 x 10-3 ky/tome Iron
0.68 x 10-3 ky/tome steel
5.92 x 10-3 kg/tace steel

6.5 Q/tome mtaL
1.0 g/tagore metal

'12 g/tome af ~LLay

3 70 Q/tome Qray Iron'.36 y/tome coated steel

0.8C g/tame glass

72.2 x 10-3 g/tame cement

C.OC g/100,000 batter ies

35 x 10-3 Q/tome rcArber aix
(eau:ontrol led)

35 x 10-3 g/tome crude oil processed

0.1 Q/tome fuel (meantrolled)
0.1 Q/tome fueL (cxM:antral Led)
30 Q/tonne fuel (cncontroL Led)
(0.03-0.8C) g/tonne fuel

0.12 Q/tome (Lsu:antral Led)

0.1 Q/tome (ccreontroLLed)
0.1 g/tame (eau:ontroLLed)
30 Q/tonne (decontrolled)
C.08 g/tame (uneontralled)

1.0 g/tonne refuse burned

0.68 g/tonne dry sludge

REFERENCES

Envirorisent Canada, National Inventarv af Sources and Emissians of Coooer and Nickel (1976), EnvirorerentalProtection Service Report EPS 3/AP/81/C, August 1981.
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Table 7: Nickel concentrations in selected Hamilton air sites for 1979-1990

Number of
Sampla

29001/29098: Hughson/Hunter+Bay/Main
29001/2909S: Hu~Oitmter+Bay/Main
29001/29098: Hughson/Hunter+Bay/Main
29001/29NS: H»t /Hunter+Bay/Main
29001/2909L Hughson/Hunter+Bay/Main
29001/2909S: H~g~unter+Bay/Maht
29001/29098: Ho~/Htmter+Bay/Main
29001/29098: H~gt /Hunter+Bay/Maht
29001/2909K H~~/Htmter+Bay/Main
29001/29NS: Hugltson/Hunter+Bay/Main
29001/29098: Hughson/Hunter+Bay/Main
29001/29NL H~~unter+Bay/Maht

29008/29102: Beach BivtL
29008/29102: Beach Blvd.
2900&/29102: Beach Blvd.
290t8/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.
29008/29102: Beach Blvd.

29011: Burlingtott/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burhngton/Leeds
29011: Burhngton/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds
29011: Burlington/Leeds

1979
19SO
1981
1982
1983
1984
198$
1986
1987
1988
1989
1990

1979
1980
1981
1982
1983
1984
198$
1986
1987
1988
19S9
1990

1979
1980
1981
1982
1983
19S4
198S
19S6
19S7
1988
1989
1990

$9
$5
$$
57
57
59
SS
51
60
55

207
311
32S
330
31S

51
$2
S7
51
63
$9

33
57
69
57
48
59
58
60
$7
52
61
SI

7
6
5
3
2

3
0
6
7
6
6

7
11
7
5
4
6
4
1

6
7
7
6

36
38
21
30
49
1S
28
20
20
10
20

69
48
4S
55

112
43
22
2S
40
20
24
20

61
30
28
42
18
24
26
24
30
30
20
30

29012: Burlington/Wellington
29012: Burlington/Wellington
29012: Burlington/Wellington
29012: Burlington/Wellington
29012; Burlington/Wellington
29012: Burlington/Wellington
29012; Burlington/Wellington
29012: Burnngton/Wellington
29012; Burhngton/V~ellington
29012. Burlington/Wellington
29012: Burlington/Wellington
29012; Burlington/Welhngton

1979
1980
1981
1982
19S3
19&4

198$
1986
19S7
19SS
1989
1990

43
S7
68
$9
46
57
$8
$9
57
56
60
S7

41
32
26
26
24

149
59
17
2iO

20
70
30



Tabiej: Nickel concentrations
Slalicm

~$7; r Aathaeea/Frid

29017: Cbatbam/f~
29017: Cbatbam/Frid
29017: Cbatham/Frid
29017: Chatbam/Frid
29017: Ogham/Frid
~17. C&atkaealPgg
~17. P%atLsm IPgjf
29017; g&atkasaafPgQ

29017: l&achaea/Frid
~17c ChamILams/Frid

~17t ~tlaaeea/prid

Year Number of
Samnlca

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

55
57
59
47
57
57
57
58
$4
5S
56

Gecxnetric Matcunum
Mean

6 78
7 45

55
6 32
6 37
7 66
4 21
1 22
5 70
7 30
5
5 5

ln selected Hamilton air sites for 1979-1990 (continued)

2902S: Bartcm/Sanford
2902S: BartonlSanfonl
2902S: Barton/Sanford
2902S: Bartat/Sanford
2902S: BartonlSanford
2902S: BartonlSanford
29025: Barton/Sanfcnd
29025: BartonlSanford
29025: Barton/Sanfonl
29025: Barton/Sanford
2902S: Barton/Sanford
29025: Barton/Sanford

1979
1980
1981
1982
1983
1984
19&S

1986
1987
19SS
1989
1990

181
327
317
32S
328
$7
51
55
$3
43
59
52

10
10
6
6
4
5
6
1

6
7
7
6

164
233

51
6S
41
28
40
42
60
30
30
30

29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughson/Macauley
29067: Hughaon/Macauley
29067: Hughson/Macauley
29067; Hughson/Macauley

290&5/29114: Vickera/East 18th
290&5/29114: Vickets/East 18th
290SS/29114: Vickera/East 18th
290&S/29114: Vickers/East 18th
29085/29114: Vickers/East 18th
290&5/29114: Vickers/East 18th
290SS/29114: Vickers/East 18th
290&S/29114: Vickers/East 18th
290&5/29114: Vickers/East 18th
290&5/29114: Vickers/East 18th
290BS/29114: Vickers/East 18th
290&S/29114: Vickecs/East 1Sth

1979
1980
1981
1982
19S3
1984
19&S

1986
1987
1988
19S9
1990

1979
1980
1981
1982
1983
1984
19&S

1986
1987
19&S

19S9
1990

40
55
58
45
56
56
58
58
50
54
60
52

30
59
55
49
57
5$
57
54
$5
46
56
55

3
3
1

2
1

1

1

3
6
6
6
5

77
31
53
23
15
31
39
20
10
30
10
10

17
22
23
24
13
30
18
47

120
50
50

120

24-h criterion

References Cited:
Data from 1979-19&2: MOF 19S3.
Data from 19S3-1986: MOE. 198&.
Data from 1987-1990: MOE, 1991.



Table 8: Nickel concentrations in Canadian air samples in 1987-1990

Location
arctic

Canada'alifax

(N5. Tech Coll)
. Montreal (Ontario Est)

'Montreal (Duncan/Decarie)
Quebec City (Pare Cartier-Bre)
Ottawa (Rideau/Wurtemburg)
sudbury
windsor (University Ave)
Windsor (College/Prince)

''oronto (Breadalbane)
IValpole Island
Winnipeg (EQen St)
=dmonton (104th St)
Calgaty (7th Ave)
'vancouver(RockyPt. Park)
vancouver (West 10th Ave)

Victoria (Quadra St)

gage Samples

164
208
159
121
269

212
61

187
161
229
242
249
303
233
241

Maximum
0.00068

0.097
0.024
0.024
0.015
0.027
2.000
0.077
0.020
0.011
0.013
0.019
0.016
0.006
0.032
0.014
0.015

Mean
0.00038

0.021
0.005
0.005
0.005
0.003
0.124
0.003
0.002
0.003
0.002
0.002
0.002
0.002
0.004
0.003
0.004

Median

0.019
0.003
0.004
0.004
0.001

0.002
0.001
0.002
0.001
0.001
0.001
0.001
0.003
0.003
0.003

Max/Mean
1.789
4.619
4.800
4.800
3.000
9.000
0.000

25.667
0.000
3.667
6.500
9300
8.000
3.000
8.000
4.667
3.750

'han and Lusis, 1986; all other values obtained from Mr.T. Dann, River Road ETC, Ottawa, Ont., Canada



Table 9: Average nickel fallout/deposition around Copper Cliff smelter sites
ebs/square mile/30 days)

Copper IORPKCNR . Mikkola Lively - Black
Cliff Subdivision Lake Road

Avg. 1982
Avg. 1983
Avg. 1984
Avg. 19&5

318
418
496
594

91
156
156
237

129
122
197
145

31
55
69
&4

Taken from:

Correspondence BJ. Bell to Those Listed: Dust and Metal Fallout in the Copper Cliff Area - 1985
(February 10, 1986). Report prepared by Dreisinger and Buchanan.

Correspondence B.R. Dreisinger to Those Listed. Dust and Metal Fallout in the Copper Cliff Area-
1984 (February 26, 1985). Report prepared by Dreisinger and Buchanan.



Table 10: Nkkbl concentrntiong in wategb

Rclseeaea Tees
tIMAP, INS
QMAP, INS
DMAP, INS
%ahab— ~,lthhe
Moose 4 P e, It hhe
Ogoses /I I —det, lt hhs
l4oaee a P — — — Jg, It hhs~, II Ikey
Obsasadleegaaa, ISIS Ishe
HRCC INI lshs

SIRCC, ISN hehs
SIRCC I'Nl hho
ORCC ltgl hhe
/IRCC ISOI

e4RCC. INI
Moses 4 I — — ~,gt shor
Oboe oadlselaoa, 1070 shor
IRCC 1%1 near

~OICC, INI
NRCC,1%1
IIRCC, 1%1
OtCC 1%1
deedeach asd Orle, 1%4

Ilsess R le= ': INT
SIRCC, 1%1
bohca ae at, INS
IRCC. Itgl~ Itgg

Stash~see Ceaadse 1%1
~htsga, It'll

~aeh, Oacfth, Daf, 1%0
~Nh,c ~OaLINS~~~ Qedsetse ISN
SS Sodhaet 1ohss, ace@I fsL
45 bona 1 tahoe, esrht lsL
Lahslh
Legs bctcebr
T

slÃhtcat
~addeat

Qaeaeto Ie beasal
Iadhaeg, De/seto
Sahwg Rhea, eschl gsbcsa
~ohhed
a&htced

Aecetc Chaedc
~aehtcat

~atdeaL Aeagc
~ahteal, Csae4s
~echteal, Csacds

Csaods

dakaeeetct

Uahs % o DL ~ Lcnccr Snead
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%$%
%000
SONS

SSSN
4%0

SSON
LRN
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SIN

SIORI
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5300

ISO%
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50000
0/SN

1?ON

0070
LSN

c 10
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ILON

SNON INSN
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S5IN

n~
~54%
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4%0
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3%000
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Lcgcr, WQI (lttl)

Ishc,.— '-, tong
lshc, aocecede, toad
lchc, eccesote, Sand
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Table 11: Typical nickel content of various rock and glacial till

Sample Type Ni (ppm)

Rocks:
(Source: Kabata-Pendias and Pendias, 1984)

Ultramafic rocks:
dunites, pyroxenites,
periodotites
Mafic rocks:
basalts, gabbros
Intermediate rocks:
diorites, syenites
Acid rocks:
granite, gneisses
Acid rocks:
rhyolites, trachytes,
dacites
Argillaceous
sediments
Shales
Sandstones
Limestones,
dolomites

1400 - 2000

130 - 160

5-55

5-15

20

40-90

50-70
5-20
7-20

Till Glacial Drift: (ci~ ata~ ~+
(Source: Doyle, 1991; analysis by FAAS; sampling time frame 1983- 1990)

Till, Southern Labrador
Till, SW New Brunswick
Till, SW Quebec
Till, SE Ontario
Till, Northern Ontario
Till, Northern Manitoba
Till, NW Manitoba

1 - 363
15 - 194
12 - 260
4-950
7 -479
10 - 300
5-466



Table Q: Concentration of nickel ln cereal, vegetation, grass and clover

Table Ra:
Nickel content of cereal,grains %rom different countries (af'ter Kabata-Pendias and Pendias, 1984).

Range

peg g'ry weight

Canada

Finland

West Germany

Norway

Poland

Sweden

United States

Lithuania

Oats

Barley

Oats

Spring wheat

Barley

Rye

Oats

Winter wheat

Winter wheat

Barley

Oats

Spring wheat

Winter wheat

Oat meal

Wheat bran

0.13O.14

0.43O.46

0.21O.27

0.29-2.62

0.2-0.5

0.3O.7

0.10O.67

(0.27O.94

0.17O.67

0.18O.47

2.79

0.14

0.44

0.24

0.9

1.0

0.4

1.23

0.4

0.5

0.20

0.53

0.32

0.25

2.55

'Pot experiment



Table 12b:

Nickel content of various edible plant parts (from Kabata-Pendias and Pendias, 1984; Dang er-
al., 1990).

Plant pegg'gg'lant
Fresh weight Dry weight

~gg ug g'reshweight Dry weight
Sweet corn,
grains 0.040.06 0.224.34

Carrots 0.02O.03 0.264.98

Snap bean,
pods 0.024.18 1.7-3.7

Onions 0.064.57 0.59%.84

Kidney beans

Fenugreek
leaves

0.03

Cabbage leaves 0.05%.20

2.3

0.62-3.3

Potatoes

Tomatoes

Cucumbers

Apples

0.04-0.56

0.02M).03

0.014.05

0.003O.08

.0.29-1.0

0.434.48

1.3-2.0

0.06

Lettuce 0.01%.14 1.0-1.8 Oranges 0.008 0.39

Table Qc:

Mean levels and ranges of nickel in grass and clover at the immature growth stage from
different countries (after Kabata-Pendias and Pendias, 1984).

Grasses C7overs

Country

Belgium

Great Britain

East Germany

England

Hung 'ry

Ireland

Poland

U.S.

Lithuania

0.9-1.3

0.842.4'.3-2.5

0.15-1.08

.1.7

0.4

0.8-2.2

0.3-1.6

C 0.074.67

2.~.8~

1.4

0.9

0.13

Range

pg g'ry weight

1.3&.2'.0-1.3~

1.2

1 4-2 4a

0.2-2.5

c0.5-5

1.9

2.7

1.2

1

5'.6'g

g'ry weight

'For freely and poorly drained soils, respectively
'For meadow and red clover, respectively
'Calculated f'rom AW basis for alfalfa
'For meadow hay and grass crop, respectively
'Clover-timothy hay
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Fig. 1a: Nickel levels in Canadian waters
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Figure 1b: Selected mean nickel concentrations in Canadian surface water
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Fig. 1c: Ni in Drinking Water in Ontario Municipalities (1984-1991)
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The bracketed numbers Indicate sample sizes for each of the sample classes, by year and by condition: raw or treated.
The source of data for the above-noted values comes from the MOE drinking water data base sent by 0, Jones-White (1992).
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Figure 4aNi concentration in terrestrial wildlife
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Figure 5b: Selected mean nickel concentrations in Canadian sediment
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Fig. 6ahlickel levels in Canadian soil
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Figure Gb: Selected mean nickel concentrations
in Canadian soil porewater, flora, and soil
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.Figure 4. Concetttmtions ofNickel(Measured and Calc ~&~+in the Pore Waters
ofSoils near Sudbury, Ontario and Concetttnttions in Nutrient Solutions
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Figure 5. Selected Mean Nickel Cones- ~ in r~~ Vegetation and Nickel
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Figure 6 Selected Mean Total Nickel Concentrations in Canadian Wildlife



NORANDA NlNERALS lNCI

ENUIRONNENTAL REPORT 1'990

Noranda Ninerals incorporated is responsible for Ianaging Noranda's aining and eetallurgical assets. They are
a sajor producer of nickel uong other netals. The eetallurgical facilities process Noranda and other ~ ine

productions as «ell as significant quantities of recyclable aaterials containing nickel, copper and precious
aaterials.

Noranda Ninerals'perations are located aainly in North Aaerica, consisting of 88 nines and 10 netallurgical
facilities. These include nines and plants that are o«ned by associated coapanies such is Falconbridge.

Noranda Ninerals eoploys nore than 18,000 people. ln 1990, total sales «ere OR.7 billion. Total assets
enployed is of Deceaber 31 «ere OC.1 billion.

Noranda Ninerals strives to be exeoplary leaders in environnental nanageaent by ~ inioizing the environoental
inpact on the public, eoployees, custoaer and property, and are liaited only by technological and econooic
viability.

Nater discharges ire regulated by federal, provincial and aunicipal governnents in Canada and by federal and

state agencies in the United States. llater discharge peroits include specific requireaents for neasuring
nickel, one of a total of 30 different nonitoring requireaents at Noranda Ninerals.

Nora..da action includes reducing its octal discharges by 51X since 1985. ln 1990, 200 tonnes of eetals «ere
discharged into «ater fron operations, in contrast to 610 tonnes discharged in 1'985.

Aoong the 35 facilities, 16 recycle bet«een 3X and 100X of their total process «aters. Six operations recorded
coopliance levels that ranged between 80X and 90X, and it is forecasted that overall coepliance «ill
significantly ioprove by 1993.

Acid nine drainage begins after minerals have been extracted froo the ore. At this point, «aste water and

tailings are puaped out of the aine «ere they are separated. Mater froa these dans is recycled «here possible,
and any excess aust be treated before heing discharged. Acid ~ inc drainage involves sulphur in exposed

tailings and ~ inc rock reacting with oxygen to fora an acid, which has the ability to dissolve aetals.
Vis-a-vis coopliance, there are currently no governoent regulations dealing specifically «ith acid nine
drainage in Canada or the U.S. Neutralizing tailings and aine rock is now of price ieportance to Norandi «hen

closing a ~ inc. Falconbridge's Onaping nickel nine in Sudbury and the Kidd Creek facility in Tinnins «ill
coaplete corrective action plans dealing «ith acid aine driinage in 1991.

Air Enissions:
Air enissions consist of prioarily sulphur dioxide gases and dust containing various netals. Noranda Ninerals'etallurgicaloperations neasure both atoospheric eoissions and air quality near the ground. In 1990, air
eoissions and ground level concentrations «ere «ithin allo«able lieits on average 98X and 99.7X of the tine
respectively at all seven netailurgical operations in North Aoerica. The nickel/copper soelter in Sudbury,
Ontario has been in coopliance 100X of the tine respecting air eeissions, and has been in conpliance '99.9X of
the tine regarding aabient air quality.

Soelting facilities at Rouyn-Noranda, Nurdochville and Falconbridge-Sudbury operate sophisticated weather-watch
systeos to predict ground-level concentrations of sulphur dioxide eoitted froa these plants. These
concentrations can be influenced by «cather conditions surh as very low «ind speeds and unstable «cather
patterns.

hotel eaissions are indirectly controlled through the sulphur dioxide eaission control requireoents because the
technologies that control sulphur dioxide also control octal discharges. The &5X drop in octal discharges froa
1985 to 1990 «as due prinari ly to the installation of the sulphuric acid plant at the copper soelter in Rouyn-
Noranda ~



Respecting land restoration, legislation is currently being revised in an nueber of provinces and states. Neo
lars rill require rbclaaation plans be subaitted nell in advance of final nine closures.

Iletal recycling is utilized by four of Noranda's base natal soelters, uhich process recycled netals. These
include Falconbridge's Sudbury operations in Ontario. 4 recycling task force uas foroed in 1990 to investigate
additional natal recycling opportunities at Noranda Ninerals'acilities.

All Noranda llinerals'acilities have industrial hygiene and health surveillance progress in place covering
nickel as nell as other hazards.

TAKEN FROll! NORANDA NINERALS INL'. ENVIRONllENTAL REPORT 1990) TNOROLD) ONTAR10, 1'991.



INDUSTRY SECTION

The production of nickel through the pyrometallurgy and refining proce4sses of
sulphide ore results in a release of pollutants to the environment, one of
which is particulate matter containing heavyh metals.

The primary nickel industry encompasses the mining, milling, smelting and
refining of nickel whereby sulphide and laterite nickel ores are taken from
the earth and converted into nickel metal, nickel oxide and ferronickel alloy.
methods employed during mining and extractive metallurgy depend upon ore-type,
and presently 55/ of the world's mine production uses sulphide ores awhile the
other 45'/ uses laterite ores.

Nickel sulphide deposits are tabular in shape and often extend to great depths
such as that found in the 2160 m-deep Creighton t1ine at Sudbury, Ontario,
Canada. Other presently-exploited sulphide-rich locations include:
Australia, U.S.S.R., South Africa, Zimbabwe and Botswana. To extract nickel
from the rock in which it is embedded, the establishment of extensive
underground workings, that utilize drilling and blasting procedures, is
necessary. Sulphide ores contain the principal-nickel bearing mineral,
pentlandite (Fe,Ni)9SB, chalcopyrite (CuFeS2), and the most abundant sulphide
species of pyrrhotite (Fel-xS, 1/ nickel), which are milled respectively into
Ni-rich, Cu-rich and pyrrhotite-rich concentrates. The milling operations
used to remove sulphide minerals from barren silicates and oxides involves
liberation, flotation and magnetic separation. At the conclusion of mining
and milling processes, the concentrate grading yield is approximately 8 - 12/.

In contrast, laterite ores, formed through the weathering of nickel-bearing
rock, seldom exceed depths of 25m, and thus surface pits and earthmoving
equipment are utilized for this type of nickel extraction. Nickel is
relatively homogeneously distributed through the rock, either as an oxide or
as a complex silicate, in such areas as Cuba, the Dominican Republic,
Guatemala, Brazil, Australia, the Philippines, Indonesia, New Caledonia,
U ~ S ~ S ~ R ~ y and Yugoslavia ~ Unl i ke sulphide ores which can conta in notab le
amounts of copper and platinum group metals, laterite ores contain negligible
quantities of these elements, yet themselves contain significant amounts of
cobalt and chromium.

In 1950, only four countries produced nickel: Canada, New Caledonia, U.S.S.R.
and (?South Africa?). Canada, with 76 percent of the market share was clearly
the major producer. Now, at least 26 countries, many of them in the
developing world, produce nickel.

Pyrometallurgy:
Nickel is extracted from sulphide ores



.INDUSTRY SECTION

The mining and metallurgical sector is by far the largest contributor of
environmental nickel. With respect to the aquatic compartment, several
studies have been undertaken to determine the liquid effluent quality from
Canadian metal mines, treatment facilities and their compliance with
regulations and guidelines.

Although increases in effluent quality (measured by decreases in mgNi/L) have
occurred from 1982 to 1986, the validity of nickel concentration as the sole
criterion for environmental pollution may be questioned. Even though the
concentration of nickel may, in some cases, decrease with increasing effluent
volume, the amount of nickel discharged to the environment will still increase
on a gram or mass basis. If a conversion factor equal to li tres of effluent
divided by tonnes of elements mined could be disclosed by industry, a broader
perspective of nickel in the environment may ultimately be obtained.

In John tlacLatchy's overview of smelter and refinery activity, he has noted
that only certain species of nickel present health problems. The reported
problems appear to relate to poor ventilation in the workplace, and do not
seem to be caused by emissions from smelters and refineries in the receiving
environment at large. Nickel in effluent is regulated under the t1etal training
Liquid Effluent Regulations (t1NLER) because of its deleterious effects on
fish. Smelters and refineries which are part of a mine complex are already
subject to these regulations and the guidelines for pre-1977 mines. Sherritt
Gordon effluent was above the guideline limit of 0.5 mg/1 Ni, but the
operation is not part of a mine complex. The most damaging effects to the
environment tend to arise from air pollution from smelters with neither acid
plants nor wet scrubbers. Fugitive emissions, for which no data is provided
from industry, could potentially prove to be a serious problem. Overall, air
pollution seems to be a greater concern than the collective environmental
aspects of the mining and milling industry.



THE NICKEL PRODUCTION INDUSTRY

COHPANY NAllE

Head Office Address

Contacts

Production

NICKEL PRODUCTS

INCO LII(ITB:
Port Colbourne, Sudbury
i Copper Cliff, Ontario

P.O. Boa 44, 1 First
Canadian Place, Toronto,
Ontario, N51 ICI

Or. J. Stuart Harner, ()P

tOccup Health L Envt)
H.R.O. (Roy) Aitken, EVP

(Envtl Affairs
Functions)

Inco is three tines as
large as any other
single nickel production
facility.

o Copper-nickel besseaer
~atte l1,800,000 aty
caps)
o Nickel pellets,
powders and iron-nickel
powders

(56,800 aty cap,)
o Ineo electrolytic
nickel rounds, nickel
~agnesiuo alloys)
utility nickel
(32,000 aty cap.)
o Nickel refinery
residue, nickel sulphate

INCO LIIIITB)
Thoapson, Nanitoba

P.O. Box Al, I First
Canadian Place, Toronto,
Ontario, H5I ICA

Nr. Sinclair

Inco produces BOX of
Canadian nickel, or 33X

of Hestern world

, capacity.

o Total nickel (170

lllb/yr; IAO Nlb/yr cap.)
e Electrolytic Ni/99.9X

pure t75 Nlb/yrj Nf500

sty cap)
o Nickel sulphide anodes

(1,270,000 aty)
e High grade nickel
concentrate (snail
aaounts, shipped to
Sherritt Sordon, Alberta
for processing)

FALCO)SRIDSE LIHITB:
Falconbridge, Ontario

P.O. Boa AO, Couerce
Court Hest, Toronto,
Ontario, H5L 184

llr. Price, Nanager
tEnvtl Control)
R.R. Hoffaan
(Natal Process Tech)

This is the second

largest nickel producer
in Canada since its
start in 1928,

o Nickel (72 lllbs/yr)
o Copper-nickel aatte
(600,000 aty)

SOURCE OF RAH llATERIALS Inco has approxiaately
300 of its own Canadian

~ ines in Ontario and
Hanitoba.

Ore froa lnco's Thoopson

underground aine and

froa inca's Pipe pit
aine is concentrated in
coapany aills. The

Thoapson aine contains
the second largest
nickel deposit in the
free world.

Nicke)mapper-iron
sulphsde concentrates
are produced at the
coopany's Stratheona and

Falconbridge
concentrators.
Concentrates contain
about 6.2X nickel. Ha|or
diluent aaterials in
concentrate are
pyrrhotite (Fe S, ) and

rock. Iron and sulphur
are also found in
chalcopyrite and

pentlandite ainera)s.



POLLUTION ABATENENT

STRATESIES

Sulphur containaent
practices/conversions
and slag disposal to
dutp. Possibilities
include using SDw as
beating fuel.

Nickel loading is
appartnt in Thoapson
Lake. Kffluents are
treated in the tailings
circuit, while solids
art discarded as slag.
Sources of wastes
exhausted to the
attosphere include SO

alw) par'ticulates inca
Thoapson is the third
largest eaitter of SO

in Canada.

Acid plant consists of
gas cleaning, drying,
converting and absorbing
stctions, recovering 505

of the sulphur frow the
sutlter. The coapany
has proposed a slag
cleaning eechanisa,
allowing increased SO,
containetnt, Co

rtcovery.

PRDCESS DESCRIPTIDN IINCO, ONTARIO OPERATIONS, 1961)

Tht nicktl circuit involves roasting nickel-copper concentrates in Htrreschoff aulti-hearth roasters, followed
by seelting in reverberatory furnaces. Besseaer uatte results froe the convtrsion of crude aatte in Peirce
Saith converters, which is then furthtr processed to nickel products in other units. Nickel-copper sulphide
are stparated via flotation, and the nickel sulphide product is fluid-bed roasted for refining and tarketing.
lncoett nickel arises through the nickel oxide sinter being chlorinated and rtduced. The eetallic copper-
nicktl concentrate is refined by Kaldo top blown rotary converters and Inco pressure carbonyl process, «ith
further nickel recovery frot the copper tank house solutions containing nickel refinery rtsidue and nickel
sulfate, Reverbatory furnaces in Port Colbourne reduce nickel oxide in the production of utility nickel such
as lnco electrolytic nickel round, nickel uagesiut alloys and the like. The lnco flash swelter has been tested
for ease of nickel saelter, and has been found, in I960, to be associated «ith significantly lower slag losses
than froa the conventional reverberatories handling tht sate fetd. The iron ore recovery plant's tain function
is to roast and leach pyrrhotite that was rejected in the ailling stage in order to rtcover iron and nickels
Precious tetals and sulphur coapounds are collected, convtrted and sold.

PRDCESS DESCRIPTION (INCO, NANITDB4 OPER4TIONS, I9B5)

In five fluide bed roasters, SO% of sulphur in the nickel concentrate is retoved as high strength SOw gas.
Roaster calcine with the appropriate flux additions is then stelted in five electric furnacts, yielding 25X Ki
~atte and discard slag. The uatte is furthtr oxidized and fluxed in conventional Peirce-Saith hatch converters
to produce 75X Ni uatte, cast into anodts for refining. Converttr slag is recycled and SO offgases are
cltaned and then discharged to the attosphere frot the 500 foot stack. In the refinery stction, eatte anodes
are corroded in sulphate/chloride electrolyte and pure nickel cathodes are plated. Spent anodts are washed to
separate the slites, then crushed and ground for use in the nickel/leach purification circuit. Electrolyte
purification and treateent of tht unleached eatte by-product is perforted. A high copper btssettr uatte (30X
Cu, 48%$ 0 Ni) suitable for direct proctssing in the Sudbury uatte processing plant is the ultiaate result.



PRDCESS DESCRIPTION lFALCONBRIDSE) ONTAR10 OPERATIONS, 1981)

In 19B1) the sinter plant and blast furnaces «ere replaced by an acid plant and roasters) with a soelter quite
sieilar to that of Thoopson. Concentrate in a slurry fora is partially roasted in a fluid bed roaster and the
calcine is soelted in an electric furnace. Ilhile the roaster gases are treated in an acid plant, the roaster
product is transferred to the electric soelting furnace where it is soelted with revert aaterials, reductant
and sand flux. Surface slag containing oxidized iron, rock and flux is added in order to proeote slag
separation. The natte phase containing precious netais) sinks to the bottoa, and a weak sulphur dioxide gas is
eaitted at this stage. The natte phase is then transferred to Peirce-Saith converters, where further oxidation
occurs) and converter slag is transferred to the electric furnace during this hatch operation. The uatte,
which contains about 41K nickel, is shipped to Nikkelverk in Norway for further refining. The Falconbridge
developed chlorine leach and aatte leach refining processes yield the purest electrolytic nickel in the world.



NINING IN CANADA — FACTS 8 FIGURES — PUBLISHED 1991
The twining Assoc ation of Canada, prepared in cooperation with Energy, Nines
and Rescurces Canada, Ottawa, Canada

In Canada, the base metal nickel had the fourth highest 1990 Canadian
producticn value at %2,024 million. As such, nickel is frequently produced as
a joint product with other base metals. While eight provinces and two
territories do not commercially mine nickel, Ontario and Manitoba respectivelv
produced b5.11, and 34.9I of Canada's 1990 nickel output.

Regarding world roles, Canada retained a close se ond rank in nickel
production. when compared tc the U.S.ST R. Mineral imports into Canada in ]990
are significantly smaller ard with greater geographical discersicn tt an
Canada s e::p:rts of minerals. Floret: ver, global market demand has ca .sed
nickel prices tc fluctuate sharp]y, with a ]990 price about ]/3 lowei than
hat of ]989. Although 1990 output was marginally hioher, pr=duction va.'ue

dropped by a 1!3 from %3.04 billion in ]989 tc %2.02 bi l.'ion in 1~90,
resulting in a lowe, reve..ue for the Canadian rickel irdustry. Neverthele s,
Carada ccntinues tc enjoy profits f. om the mining and refining of plentifu'ineralre cu"ces, wh:le the aftsre, fects of such activit'es are e;;perienced
by thE environment,

i': 'iF.'EF uRT'i."1C CFA T. RF'T
0] 1n]+



ECONOMICS OF NICKEL PRODUCTION
(from the 1989 Canadian Minerals yearbook: Review and Outlook, Mineral
Report 38, R.G. Telewiak, Energy, Mines and Resources)

Demand in the western world is estimated to have increased in 1989 to about
660,000 tonnes from 655,000 tonnes in 1988. Demand was especially str ong
from the stainless steel sector which account for about 60% of the total
market demand. The nickel price on the London Metal Exchange (LME)
averaged USS6.04 in 1989, compared to $6.25 in 1988 and S3.06 for the 1980s.
The reason that Canadian nickel production decreased slightly in 1989 was
due mainly to lower production by Inco Limited at Thompson, Manitoba and by
Falconbridge Limited at Sudbur y, Ontario caused by technical and other
problems. As at 1989, Noranda now owns 50% of Falconbridge. Sherritt
Go~don Limited produced about 21,000 tonnes of nickel in briquettes and
powders at its Fort Saskatchewan, Alberta refinery, compared to 24,000
tonnes in 1988. The small high-grade Redstone nickel mine near Timmins,
Ontario was brought into production in mid-year. Capacity of the operation
is 2,300 tonnes/year nickel. In January 1990, Timmins announced that
production would be reduced to an annual rate of 680 t, due to weakened
markets. With nickel prices at near record levels, there was interest in
the nickel deposit of New Quebec Raglan Mines Limited in the Ungava region
of northern Quebec.

Nickel producers operated at their effective capacities to take advantage
of high prices. In Australia, Western Mining Corporation Limited, at mid-
year re-opened the Lenister mine, which had been closed in 1986.
Production totalled 3800 tonnes. Capacity of the operation is 9,000
tonnes/year.



Fa1 conbr i dge 1990 Rev i ew

In April 1990, the East Nine in Sudbury closed. Operating since 1954, it was
the last operating mine in the town of Falconbridge. A few months later, in
July 1990, a successful summer of surface drilling at the Raglan property,
located in the sub-arctic reaches of northern Quebec, just west of Ungava Bay,
confirmed that it contains some of the highest grade undeveloped nickel
deposits in the world.

From an environmental perspective, Falconbridge asserts its commitment to the
environment. Besides an extensive sulphur dioxide reduction program, Kidd
Creek installed a water telemetry network in 1990, in order to monitor the
tailings pond effluent for flow, pH and suspended solids. Detection and
control of upsets before problems arise in this pond are of paramount
importance to Falconbridge. In addition, Falconbridge is determined to bring
back the endangered peregrine falcon to Sudbury, as well as continuing its
ongoing environmental audit program, focusing on the smelter's compliance to
governmental environmental standards and management procedures for handling
environmental issues.

Regarding the market for Falconbridge metals, 1990 was a banner year for
nickel consumption because of higher levels of demand in the United States and
Europe. Nickel demand was again dominated by the stainless steel sector,
where primary nickel consupmtion was buoyed by a shortage of recyclable metals
and by an increase in the production of austenitic grades (a stainless steel
product made with nickel and noted for its corrosion resistance).
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; Furniture

e 'Q c 5 ~ c hach a + c'ispiav
: racks and shelving. are
. typically finished in
electroplated nickel.

l Steel furniture is usually
I

I
plated with nickel and I

': chr ome or nickel arid brass,
': or both.
. There is an American

demand.
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The Canadian Textile Industrv

ir.viranmental Assessment of the Canadian Textile Industrv, Reocrt EPS 5/TX/1..
June 1989, by E.C. Chen, Chemical Industries Division. IPB..

Text Ies are a major Canadian industrv with emplovmert of 80,0' ndividua™
and ShiamentS tOtalling 5 6.6 billian t 1980). Abaut 55% Of the textile mills
are located in Ouebec, 40% in Ontario, and the largest 10% af the mll-'s
praduce at least 45% af total textiles. Nore than 20/ cf the mills use we-
processing, with half of them uslrg fabric dyeing and finishing. 80% of the
wet-processing mills discnarge liquid effluents to a municipal system, and
more than 50% of these dischargers have wastewater treatment ,aci'ities
Eight oercent of total Canadian texti:e mills reat textile producticn was.e
in ar: enr'.ronmentallv unfavaurable manrer.

lJater usage. Chemical use "er "-. ~:t of Qraduc ion, and eff lac-t car..a;:nants
have bs=n shown to decrease from '.98!/:-2 ta 198 ' 8 ~ SU'c.l ns 0 . ti; ue
thi 5 . e~d are given ln the reaar i ilas 'f the ml I 15 h ave ef ue: i QH va ues
et«een 6 and 9. Besides arcanic Qricrity CCIlutarts '.'0 te'ti.'e mls'.s.

p. icrit, pQI.'uta".ts:n lude nickel, which had an effluent Cence..t atic I Q

1 eSS tt ai. 1 mg/L in the 1980 '
~ +he 5 iS harce '-. i t S=t b: ...Qst Cf ...e 'IQCSI

mu ii 'al se«el by laws ~ e ause ef. uents f. Qm mills wi ..0 'aste«a.er
tr=-at.-.,e-t Qr «ith anl'-rima v reatme~t al e c Qu ~ ed 5 ~:c Qxi ic fis 1 ~ the
utillsaticn af a well-operate= oiologi=al treatment syste.. Qau.= o-c""ce a
c les nun 'e ha 1 e ~ 'uent that is QL'' h 'Ql e cc~allme.ltar y' . e:..v'. en. ~

It 15 su ges ed tha d e 't dls ..args'Q a wats. Qur e al a muni 'l 5 ate'.:
wi th ~t se age treat;..crt be s. lc lv . 10 e. a.. '5 5 0 .. = Stu e

Tect:le ml'ls wltna biaicaica'reatment da -..=t Qrc u=e ~e--'—
r'-~ ='--c ir C- -rast r. ~ --- 1th 0 C'-Qi-a'. t. eat.-..e- P'- --'--i---
5 e ~ I wel a con . 0 'e al d cs su h. their envi rar;-.cata'i".~ir i=a . 5 s 5

recammenaed tapiC af further Stela&.

. Qr t e b&si rem ''al ao 'y 0 tc::ic me-als mul 'sdia 'tf atiQ 0:
flccculatior/seditenta ion fal lowed by multi-.-.eaia f I trat;Qn Qr .-.ul tl-...ed;a
f ' trat ' 01 Lowe= v a=tiva 5 cal ban an be used..ec. Qic:es 0

inter-.ediate rema:al abi 1 1 ty inClu e sedi:-.entaticn 8'Cne «r
floccu.'ation!sedimentatian followed by multi-media filtratian 0- multi-media
filtration followed tv ozonation ar f'acculaticn/sedimentaticn f llawed "y
mul!i-media filtration and activated carbon. The least removal ability is
pocsessed ty each of tt e fall wing: multi-media fil tration with precaag:lation
and mul.i»media filtration folio~ed by ozaration.



USES OF NICKEL

M&T CHEMICALS INC.

COMPLETjB PRODUCT LISTING CATALOGUE, VOLUME ONE (1988)

Nickel compounds are but a few of the chemicals that M&T Chemicals Inc. produces. The
major uses of nickel by M&T are for nickel plating proc+~~~ and chemical compounds, as
evidenced below.

PRODUCTS
Nickel Anodes, in nickel plating
Nickel-Iron Anodes, in nickel-iron plating
M&T duplex nickel systems, in M&T Micro-Dip Process
Nickel Carbonate, high purity, dry, for use in nickel plating
Nickel Chloride, liquid and dry, for use in nickel plating
Nickel Fluoborate, electronic grade, in nickel fiuoborate plating
Nickel-Iron bright ductile decorative alloy deposits to replace up to 40% iron-nickel
Nickel Sulfate, liquid and dry
Nickel Sulfamate concentrate, in nickel sulfamate plating baths

PROCESSES
M&T Formula I Bright Nickel Process
M&T Formula I J.R. Plating Solution
M&T Formula I BBL
M&T Formula I TTN Process
M&T Formula I ZN Process
M&T SB-142 Semi-Bright Nickel Plating Process
M&T MBNQ00 Bright Nickel Plating Process
M&T 323 Bright Nickel Plating Process
M&T Sulfamate Nickel Plating Process
M&T NITAB Plating Process
NICKEL-LUME PC Plating Process
NIPROTEQ Bright Nickel Process
NIPROTEQ Premier Bright Nickel Process
PEIMALUME G Semi-Bright Nickel Plating Process
SUPERLUME II Bright Nickel Plating Process
SUPER MAX 6 Bright Nickel Plating Process

/otk
901115



CANADA, NICKEL PRODUCTION AND CONSUMPTION, 1970, 1975

AND 1980-90

1970
1975
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990P

Productions

277 490
242 180
184 802
160 247
88 581

125 022
173 725
169 971
163 640
193 391
216 589
200 899
199 434

(tonnes)

Consumption&

10 699
11 308

9 676
8 603
6 723
5 010
7 502
7 206
8 865
9 732
9 250

10 423
~ ~

Source: Energy, Mines and Resources Canada
~ Refined nickel and nickel in oxides and salts produced, plus recoverable nickel in matte and concentrates

exported. Data for 1987 to 1990 is nickel contained in concentrates produced. & Consumption of metallic

nickel, all forms (refined metal, and in ferronickel oxides and salts) as reported by consumers on the EMR

survey Consumption of Nickel.

p Preliminary; .. Not available.

CANADIAN PROCESSING CAPACITY, 1990

inco Limited
Sudbury Thompson

Falcoribridge Umited
Sudbury

Sherritt Gordon Limited
Fort SasKatchewan

Smelter
Refinery

110 000+
56 700

81 600
49 900

(tly ol contained nickel)

45 000
n.a

n.a.
25 000

I Capacity is constrained to this level by an Ontario government regulation on SOg emission limits.

n.a. Not applicable.



Ose of Substances duriny Nanufacturo or frocessiny ak t- ~ 4+~H'(1r

Suelter / Nef inery Inputs

~
Ni Concentrates

Fluues Sand, guartz, Oravel

Purchased Scrap

purchased Nesidues

Scrap and Nesidues (INCO)

Toll and Purchased Copper

Neayents Oayyen

Others Fishes Slay

Cu Concentrate

Sliues Concentrate

Annual 1988 Nan. Per Op. Oay

851,695

291,468

2,919

29.314

23,951

313,049

Iyo824

293,826

1.013

Ouantity (Ory Netric Tennes)

N/A

As

N/A

Analysis (Q
Cr Hy

N/A N/A

Ni

12.20

23.26

8.90

47.11

0.92

O.II

0.85

1.55

N/A

Stuelters / Nef inery Outputs

Nef ined Nickel Pellets
Nef ined Nickel Powder

Ferronickel Pellets

IGRP Nickel Oalde Production

%; IIF,'K

Other Nickel Oaides

NlCo Carh.

Nef ined Copper

Slays to Duup

Suphuric Acid

~1,330

7,754

541

1,112

6,578

65,149

5,12I

111,022

lol24o397

410.828

225

45

CO MNII CO MM1 co OM1 100.M
1%.N

(O.M2

N/A N/A

46.32

77.24

54.51 N/A .

13.13

CO.OONI

l402

CO.ONOI

23.05

Ca.uuuii

CO.NI

&.00001

40.00001 &0.00001 ~O.ON03 'i.ON01 CO.Nuu2 &0.0003



CCNR Complex Production Data, 1980 to 1989

Year Pyrrhotite
Treated

10'onnes

NRC
Feed
10

tonnes

!PC Nickel Production
10'onnes Nickel

Pellets Powder As Oxide

1981

1982

1983

1984

1985

1986

1987

1988

1989

798.0

740.8

315.0

313.4

459.8

393.8

493.6

465.7

533.7

534.0

79.3

57.5

22.7

36.0

55.6

77.6

74.5

88.7

89.2

91.7

37.2

31.2

99
13.7

25.3

39.5

40.9

48.9

47.6

49.0

5.5

4.2

2.5

7.7

7.8

7A

6.7

7.9

9.2

10.5

5.1

3.7

2.5

2.0

2.5

1.5

1.1

1.8

1.3

1.3



Roaster/Kiln Dust Emission to ZORP 8tack

Year
1981
1981
1982
1983
1984
1985
1986
1987
1988
1989

Operating
Days

366
336
152
242
329
329
258
328
331
329

Dust
801
.735
333

F 00
2 '2
2.72
2 ~ 13
2 ~ 71
2 ~ 74
2.72

Pe
461
424
192

1 ~ 15
1 ~ 57
1 ~ 57
lo23
1 ~ 56
1 ~ 58
lo S7

si
6 49
5 ~ 96
2 '9

0 ~ 016
0 ~ 022
0 ~ 022
0 ~ 017
0 ~ 022
0 ~ 022
0 ~ 022

Cu
0 ~ 961
0.882
0 ~ 399
0 ~ 012
0 ~ 003
Oo003
0 ~ 103
0 ~ 003
0 ~ 003
0 ~ 103

CCNR TIRC Dust Emission to ZORP Stack

Year
1981
1981
1982
1983
1984
1985
1986
1987
1988
1989

Operating
Days

366
336
152
242
329
329
258
328
331
329

Dust
296
272
123
196
282
282
221
281
289
287

Pe
10 ~ 4

9 ~ 6
4 '
6 '

11 ~ 2
11.2
8.8

11 ~ 1
11 8
11 7

si.
81 ~ S
75 1
34 '
54 ~ 1
84 ~ 5
84 5
66 ~ 3
84 '
89 '
88 '

Cu
57 '
52 '
23.8
37 '
5'
SO ~ 4
39 '
51 '
51.7
50 '

Total Dust Emission to IORP Stack

Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Operating
Days

366
336
152
242
329
329
258
328
331
329

Dust
1097
1007

456
198
285
285
223
284
291
290

Pe
472
433
196
8 '

12 ~ 7
12 ~ 7
10 ~ 0
12 ~ 7
13 '
13 '

tw
Ni

88 '
81 ~ 1
36.7
54 ~ 1
84 ~ 5
84 AS
66 3
84 3
898'

Cu
58 '
53 '
24 '
37 '5'
SO ~ 4
39 '
50 '
SO ~ 7
51 F 4
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MAP OF CANADA SHOWING THE LOCATION OF THE BASE-METAL SMELTERS ANDREFINERIES AS WELL AS THE COAL-FIRED GENERATING PLANTS
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TABLE 2 SUMMARY OF NICKEL EMISSIONS BY PROVINCE AND SECTOR, 1976 tTONNES)
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Table 2: Concentrations of inorganics (ug/g) in sediments of the Sir Adam
Beck Power Reservoir and Niagara Bar

At Sir Adam Beck Reservoir sampling stations ¹1 up to and including ¹7, the concentra-

tions of nickel in sediment were 41, 38, 44, 46, 22, 17 and 14, respectively. For the

Niagara Bar Dredgeate sampling stations ¹1 through ¹3, the concentrations of nickel

range from 3.7 to 3.0 to 4.5, respectively.

Niagara Bar Sediment stations 2374 up to and including 2383 have nickel concentrations

as follows: 13.0, 9.8, 8.4, 14, 7.2, 5.8, 7.4, 6.2, 1.4.0 and 4.7.

Ontario dredged material classification guidelines (ug/g unless otherwise
specified), MOE 1986, Persaud and %i&&~~, 1976.

.Guideline nickel concentration for open water disposal is 25, unrestricted land use is 32,
and restricted land use is 60.

A number of reservoir surficial sediments samples contained nickel levels above the MOE

guidelines for the safe open water disposal of dredgeate. The open water disposal guide-

lines are not really applicable to this situation, according to this document, because

the reservoir has not required dredging since its 1954 construction date, and if dredging
was actually required, xt would be disposed of on land, and should be evaluated on that
basis.

Comparison of selected chemical parameters in bottom sediments of the Sir
Adam Beck Power Reservoir and the Lower Niagara River after grain-size
correction

.Nickel level in ug/g is 29 in the SABR and 46 in the LNR, where the latter is normalized

to the same mean %, 62um (85%) as SABR sediments.

Niagara Bar Dredgeate

.The mean concentrations of inorganics in dreadgeate samples were 50% or less than the

corresponding levels in fresh surficial sediments collected from the Niagara Bar. They
were also considerably below the mean concentrations observed in bottom sediments from
the lower Niagaxa River and the reservoir.

/otk
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Collection Environnement et Geologic, Volume 11, Messier, D., Legendre, P
& etDelisle, C.E., eds., Association des biologistes du Quebec, 1990.

Review of sublethal effects of contaminants in an aquatic milieu. Thereare six classes of indicators or methods utilized to measure sublethality:biochemical, physiological, teratogenic and success of reproduction,planktonic growth, genotoxicity and mutagenicity, compartmental.

INDICATOR METHODS
TYPE

DESCRIPTION SPEC SAMPLE
TYPE

REFERENCE
S

Biochemic
al

ALAD Activity Measure
Cmetal) in
ALAD.

Pb Blood,
fish

Hodson
1984

Biochemic
al

Biochemic
al

Dosage
Metallothionin
e

LAN activity;
Hepatic stress
upon fish

Polarographi
c
measurement
of metal-
comolex

Cuy
Cd,
Zn,
Hg

Liver,
fish

Hodson...
1985'och

soy

1982

Dixon...198

Dixon,198
5

Biochemic
al

Measure ATP of
white axial
muscle

Biochemic SSDH activity;
al Hepatic

lesions
Dixon...198

Dixon,198
,7
I Blaise,19

86

Biochemic

Biochemic
al

Measure of
adenylate
concentration

Blue moule
growth and
enzymatic
activity in
muscle
abductor

!

Vetter/Hod
son, 1982;
Haya,
Waiwood,
1981

Bayne...197
9o

Bayne,198
1'
el1er in-

Massicotte

Pelletier,1
987



Physiologi I Incidence of
cal les ions,

tumours and
anomalies

Physiologi 'lood analyses
cal

Physiologi Oxygen
cal consumption

I Visual
observn.
Calculate
incidence w/i
samples.

No
part

~ icul
ar
spec
ifici
ty

I Specime
ns in
natural
milieu

I

Wedemeyer,
McLeay,
1981

Munkit tric
k, Dixon,
1988;
Lockart,
Metner.
1984

Giles,
Klaprat,
1981;
Wedemeyer,
McLeay,
1981

Physiologi
cal

Physiologi
cal

Physiologi
cal

Respirometer
tests;
metabolic
stress
Cardiac rhythm
and
respiration
Instantaneous
growth of fish
scales

Skadsen,
I 1981

Westlake .,
1983

Hodson
1985;
Adelman,
1980

Physiologi
cal

Abscorbic acid
content
in fish

Thomas,
1987

Physiologi
cal

Na+-K+ ATPase
activity in
bronchiols of
fish

Part,
Svanberg,
1981
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AVERAGE NICKEL LEVELS IN 0-5 CM of SOIL IN VARIOUS RADII OF COPPER CLIFF

Radii - Miles from Copper Cliff

Year Period

1971 Seas.
1972 Seas.

0-10

546

480

38 2300 (1)

41 2100 (1)
53

56
186

447086195

11-20 21-30 31-40 41-50 51-100 &100 Max(Stn)

(PPM)

79 60 41

SS

1973 Seas.
1974 Seas.
1975 Seas.

May
1976 Oct.

Seas.

May
1977 July.

Oct.
Seas.

495

464

566

406
502

453

500
531

532

521

198 94

193 106

189 98

173 86
193 80

183 83

173 102
197 108

217 112

196 107

71

82

82

62
66

69
66

57

65

63

63

54

51
47

49

52
51

50

51

50

57

48

34
38

36

45
37

38

40

39 1630 (1)

41 1511 (1)

40 1717 (59)

30
27

28 1600 (1)

43
31

32

35 1840 (1)

Pre-SS
(1971-2)Mean 513 190 83 65 54 43 39 2300 (1)

Change
(Pre vs
1977) + 8 + 6 +24 -3

HEAVY METAL CONTENT OF SOIL

AND VEGETATION
IN 'THE SUDBURY AREA, 1971-1977

by
B. R. Dreisinger

and
M. Buchanan

INCO METALS COMPANY
Environmental Control
February, 1979



AVERAGE NICKEL LEVELS IN 5-10 CM OF SOIL INWRIOUS RADII OF COPPER CLIFF

Radii-Miles from Copper Cliff

'.ear Period 0-10 11-20 21-30 31-40 41-50 51-100 &100 Max(Stn)

(PPM)

'.975 May

.976 May

.977 May

203

230

86

63

69

45

37

41

54

41

53

56

41

50

49

42

42

32 1010 (1)
43 1570 (1)

.975-7 Mean 217 72 41 49 49 42 39 1570(1)



AVERAGE NICKEL LEVELS IN SPRUCE (1-YR-.OLD NEEDLES) IN VARI'OUS RADII OF COPPER CLIFF

Radii-Miles from Copper Cliff

Year Period 0-10 11-20 21-30 31-40 41-50 51-100 &100 Max(Stn)

(PPM)

1971 Seas.
1972 Seas.

26

34

20

20

21

21

12

10 10

5 40 (1)

5 68 (1)

SS

1973 Seas.
1974 Seas.
1975 Seas.

May
1976 Oct.

Seas.
May

1977 Oct.
Seas.

28

39

30
33

32

22
25

24

24

17

18

20
22

21

17
17

17

21

18

17

26
18

22

16
18

17

12
9

10

10
8

3 77 (1)

4 63 (1)
5 151(1)
4
4

4 71(l)
4
3

3 65(1)

-SS
(1971-2)Mean 29 20 21 5 68 (1)

Change
(Pre vs

1977) -5 -3 -3 -2 -2



AVERAGE NICKEL IN SPRUCE (CURRENT-YR. NEEDLES) IN VARIOUS RADII OF COPPER
Radii-Miles from Copper Cliff

Year Period 0-10 11-20 21-30 31-40 41-50
(PPM)

51-100 &100 Max.
1971 Seas.
1972 Seas.

24

32 28 25 13

20 19 12 8

13
6 5 35(1
6 5 49(1

SS

1973 Seas.
1974 Seas.
1975 Seas.

July
Aug.

1976 Sept.
Oct.

Seas.
June
July

1977 Aug.
Oct.

Seas're-SS

(1971-2) Mean

Change
(Pre vs.
1977)

25

25

40

22
33
30
32

29

17
18
24
25

21

28

-7

23

20

28

22
15
27
23

22

17
16
19
19

18

24

«6

20

18

22

20
14
22
20

19

16
14
18
19

17

22

17

11
10
12
11

12

-3

12

12

8
10
9
8

-3 -2

42 (1'

71 (1.'

106 (1)
3
4
3
4

4 74 (1)

3 52 (1)



AVERAGE NICKEL LEVELS IN ASPEN FOLIAGE IN VARIOUS RADII OF COPPER CLIFF

Radii - Miles from Copper Cliff

Year Period 0-10 11-30 21-30 31-40 41-50 51-100 &100 Ma

(PPM)

1971 Seas.
1972 Seas.

99

112

53

68

39

49

19

23 17 12

5 18

10 28

SS

1973 Seas.
1974 Seas.
1975 Seas.

June
July

1976 Aug.
Sept.
Seas.

June
July

1977 Aug.
Sept.
Seas.

Pre SS
(1971-2)Mean

Change
(Pre vs
197/)

101

93

108

65
103
106
149

106

57
84

108
132
95

105

-10

55

71

41
67
67
97

68

44
74

71
70
65

61

40

33

32

30
32
33
43

34

25
32

39
39
34

44

-10

20

20

18
17
22
22

20

15
18

15
13
15

21

-6

12

14
13
16
18

16

10
9

10
7
9

14

-5

10

-5

5 25

6 22

6 34~

5 47~

4
4
4 27:

-3



AVERAGE NICKEL LEVELS IN GRASS IN VARIOUS RADII OF COPPER CLIFF

Radii-Miles from Copper Cliff

Period 0-10 11-20 21-30 31-40 41-50 51-100 &100 Max(Stn)
(PPM)

Seas. 30 23 14
Seas. 49 37 16

10

13

8

13

5 5 102 (42)
9 7 169 (42)

Seas'eas.

Seas.
June
July

Seas'une

July
Seas.

) Mean

35

37

52

27

39

54

38

46

39

22

22

28

34

17

25

32

29

31

30

12

13

12

22

17

11

9

10

15 10

5 106 (42)
4 106 (60)
4 108 (60)
6

4 99 (1)
3

2 153(58)

6 169 (42)

+7 +1



NICKEL IN THE TERRESTRIAI ENVIRONMENT

W.D. Mcllveen'nd J.J. Negusantf'ir

Resources Branch', Ontario Ministry of the Environment, 880 Bay Street, Toronto, Ontario, Canada,

M5S fZB; Northeastern Region', Ontario Ministry of the Env'rronment, 200 Larch Street, Sudbury, Ontario,

Canada, PBE 5P9

I. INTRODUCTION

The metal nickel is naturally widespread in many components of the terrestrial environment as will be

demonstrated in this paper. Except for those areas where serpentine bedrock is present, the concentrations

of natural nickel ln the environment are relatively low. There are areas where human activity has caused

considerable amounts of the metal to be emitted into the environment to the extent that the metal becomes

a problem (71). This paper is intended to summarize much of the available data relating to nickel in the

terrestrial environment and to place the associated problems including exposures of humans and other

organisms into perspective. The available information dealing with nickel is substantially less than for the

other metals such as copper, lead, zinc and cadmium. Despite this, a fair body of knowledge has been

accumulated.

Sources of Nickel

The sources of nickel in the environment have been adequately covered by Nriagu (61) and others (25,57)

Nickel occurs naturally in soil with elevated concentrations frequently associated with serpentine base rock.

While nickel can constitute a major problem on these sites, it is those situations where human activity

causes contamination (especially where abatement measures can be applied) that are of concern. The

main sources in this regard are mining and associated activities, fossil fuel burning, automobile traffic and

fertilizer applications. Because Ontario is a major producer of nickel, the topic has obvious relevance.

Those human activities which introduce nickel into the natural environment also frequently cause other

contaminants to be co-deposited with the nickel. It is a rare situation when only one material of concern

is emitted to the environment at a time. This can create considerable dNiculty in assessing the impacts of

metals such as nickel. The only realistic way to conduct investigations with one contaminant at a time is

under controlled conditions and these are frequently fraught with their own difficulties. Although this paper

will focus only on nickel, it was prepared with the understanding that nickel is only one element out of many

possible co~ntaminants that could be found in the environment. The problem of the relationships of

multiple contaminants is beyond the scope of this paper.

Defining the Study Area

The paper will focus on nickel as It applies to the terrestrial environment. It incorporates information

published in the scientific literature as well as information collected by the Ontario Ministry of the

Environment. Much of the latter has been included in various Ministry publications but it also includes

previously unpublished data. The intent here is to gain a proper perspective of the Ontario situation in

relation to findings in other parts of the world. In the past 12 years alone, the Ministry of the Environment

has obtained about 34,000 measurements of nickel in ~il and vegetation.

The topics to be discussed include data from background and contaminated areas relating to soil, fungi,

lichens, mosses and higher plants. Also to be discussed are the results from phytotoxicity observations,

seasonal changes and species effects. Some data for vegetables and crops which have relevance in

human exposure through diet will be provided. Literature for terrestrial wildlife will be summarized and a

synopsis of contaminant guidelines will also be provided.



II. NICKEL CONTAMINATED AREAS IN ONTARIO

In Ontario, nickel (and other elements or compounds) contamination of soil is addressed through two main
types of investigation. These are monitoring nickel in the vicinity of point sources and the establishment
of normal concentrations of metal in soil for regulatory purposes. In the former, there are two primary
source centres, namely Sudbury and Port Colbome, with major environmental monitoring and a number
of much smaller, localized monitoring locations. The latter is influenced by inherent composition of the soil
parent material and by long-range transport mechanisms. These are addressed below.

Sudbury Monitoring

The emissions of nickel from the extensive mining operations at Sudbury for over 100 years as well the
natural mineral deposits of nickel have played a major role in the environmental contamination of soil,
vegetation and other biota. Other elements, including primarily copper, sulphur, iron, selenium and arsenic
also are involved. Major efforts have been undertaken to deal with and overcome the problems. Initially,
the work focused on control of sulphur dioxide emissions. This gas had both major direct effects on
vegetation (50,58) and indirect impact through acidification of the soil. Later, more attention was directed
to soil metals and their toxicity. This can be recognized in the large-scale land reclamation that has made
major improvements in the local environment.

In 1970, regular monitoring of the terrestrial environment in the vicinity of Sudbury area smelters was
initiated at 17 sites (extended to 21 in 1973). Surface soil and foliage from indigenous plants was collected
and chemically analysed for metals and other relevant elements. From the most recent data (58), it is clear
that the highest concentrations of nickel (343 pg/g Ni) occur in soils close to Sudbury then decrease with
distance from Sudbury (background 10 pg/g Ni)(Fig. 1). Surface soils contained greater amounts of nickel
than subsurface soils, indicating that the metal was deposited from the air. Additional information on the
distribution of nickel in Ontario soils was obtained from surveys conducted under the Acidic Precipitation
in Ontario Study (Griffith). Nickel concentrations found in surface soil horizons were computer mapped
(Figure 2). The pattern so produced clearly demonstrates that Sudbury is the primary source centre of soil
nickel contamination.

Over the period from 1970 to 1977, maximum concentrations of 133, 136, 60, 74 and 36 gg/g Ni were
measured in foliage of white birch, trembling aspen, Jack pine, bracken fern and grass respectively (50).
The data (58) suggest that nickel concentrations in grass foliage may have decreased slightly in recent
years, but this is less evident in birch foliage and soil. Although the airborne nickel problem has been
substantially brought under control, the historically deposited nickel is expected to be taken up from the soil
by plant roots for some considerable time into the future.

Pt Coiborne Surveys

Since 1972, the Ontario Ministry of the Environment has conducted periodic surveys in the vicinity of the
nickel refinery at Pt Colborne. Prior to 1980, significant nickel injury was observed on maple trees growing
along streets in the town (Rinne). However, due in part to reductions in refinery operation, the amounts of
nickel in the air and in tree foliage has been decreasing. The contributions of airborne emissions to foliar
contamination is particularly evident in the low levels of nickel encountered in 1982, a year when the facility
was not operating during the growing season. Nickel concentrations as high as 600 pg/g in maple, 440 pg/g
in chokecherry and 160 pg/g In basswood foliage have been found (72). Temple et al. (88) reported that
nickel concentrations in foliage of silver maple (Acer saccharinum) ranged from 7 pg/g at 6000 m and
increased to 235 pg/g within 500 m of the nickel refinery. The sides of the sample trees facing the refinery
averaged 1.7 times as much nickel as the sides of the same trees that were opposite the refinery, thus
suggesting that the nickel was primarily airborne. Although atmospheric emissions are no longer a major
concern, historically accumulated nickel in the soil remains as a problem. Nickel concentrations reached

Ias high as 240,000 pg/g in close proximity to the refinery.



III. NICKEL IN SOIL

Nature of Nickel In Soll

A large number of mineral forms and chemical compounds containing nickel occur in soil (Nriagu); however,
it is the availability of these forms to plant roots and to other organisms that is biologically and ecologically
important. The total amount of any form of the metal will, of course, influence the amount of nickel that Is
available. Soil acidity, texture, organic composition and moisture all play major roles in mediating the
amount of nickel to which a terrestrial organism is exposed. It is quite impractical to measure all of these
parameters at every site. Therefore, it is usual for monitoring programs to rely extensively on
measurements of soil nickel obtained in strong extracting reagents.

Halstead (35) found that increasing amounts of nickel added to several soils increased the Ni

concentrations in plant tissues. Higher concentrations were found in oat grain (up to 81 pg/g Ni) than oat
straw (up to 45 pg/g Ni) in corresponding treatments. Nickel additions also tended to reduce the amount
of phosphorus in the same plant species.

Acidic serpentine soils with naturally high nickel concentrations in Scotland were examined by Hunter et
al (39). Application of lime and fertilizers generally improved the performance of a number of crops and
reduced the appearance of toxicity symptoms, even though the total nickel concentrations were scarcely
reduced by these treatments in many cases. Barley and wheat showed no improvement following fertilizer
treatment, although the nickel content was low (c5 pgfg Ni) in all treatments.

Investigations conducted by Crooke (19,20) showed that increasing soil pH by applying lime decreased the
amount of nickel extractable from soil and the amount of nickel present in oat tissue. Example data showed
than increasing soil pH from 5.2 to 7.1 reduced Ni in foliage 144 pg/g to 40 pg/g. Fertilizer applications also
tended to reduce the amount of nickel taken up, especially at lower soil pH. The investigation showed that
much of the nickel is attached to the soil organic matter although it was freely available to plants. This
observation was generally supported by Soon et alJ86) who found that nickel in soil was extractable by
acids and that about half is complexed with organic matter. The reduction of nickel availability following lime
application to soil at 10 t ha'as confirmed in studies using celery (7,8j. The lime application increased
the soil pH by 1.2 units but reduced nickel uptake from 475 to 332 pg/g, sufficient to eliminate visible injury
symptoms and improve growth (shoot height) by 36%%d.

Nickel was included among the elements examined by Reddy (70) who was investigating means of
revegetating piles of retorted shale residue. Even atter treatment to reduce the high pH of material, the pH
was still at 8.6 which would explain the low levels of nickel (range 1.9 to 3.6 gg/g Ni) in Jose tall
wheatgrass (Agropyron elongatum). Sheets et al. (84) examined the effects of adding nickel tailings to soil
on the uptake of nickel and other element by Tall fescue (Festuca arundinacea). The soil used however,
contained 0.53 % nickel and was more acidic than the tailings. The overall result of the soil amendment
was to reduce the nickel concentrations in the grass in the fourth cut from a maximum of 61.6 pglg Ni to
6.6 pg/g Ni over the range of 0 to 100 %%d tailings.

Petruzzelli (66) investigated the performance of wheat seedlings grown on different soils amended with coal
fly ash containing nickel at 194 pg/g. The additions of flyash Improved the growth of the plants and reduced
the concentrations of nickel and other elements in the plant tissues. The reduction in nickel concentrations
was most profound in the most acidic soils, suggesting that the flyash was causing a pH increase in the
soil mixture (pH of fly ash was 10.8). In spite of the reduced nickel concentrations, the improved plant
growth actually increased the total amount of nickel in the plants grown on two of the soils.

In a study of metal availability from soH, Prince conducted analysis of foliage of corn grown in the study
soils (69). Mature leaves contained between 0.21 and 1.09 pg/g Ni. Sanders et al. (78) noted that of
several extracting solutions, 0.1 M CaCI, provided the best correlation between nickel in plant tissue and
the amount of nickel available in soil.



Soll Biological Actlvtty

Biological processes in the soil that are extremely important parts of the natural environment can be
affected by nickel. Giashuddin (29) found that nickel additions to soil decreased rates of nitrification and
N and C mineralization by 8, 3 and 35 lo respectively with 1000 pg/g Ni but this was similar to additions of

100 gg/g Ni. It was also found that nitrification and carbon mineralization decreased to a greater extent with

Ni additions at lower pH values in the soil but pH did not influence nitrogen mineralization rates (30).

By contrast, studies conducted by deCatanzaro (22) noted that nickel additions to boreal soils at rates of

100 pg/g Ni could stimulate nitrification and at 500 pg/g Ni, could stimulate N mineralization. Nickel

additions caused inconsistent changes in numbers of Nitrosomonas and Nitrobacter organisms. Although

the numbers of these bacteria were quite low in the soils examined, some of the higher numbers were
found in the more contaminated soils at Sudbury, suggesting that perhaps nitrifying bacteria at these
locations have become adapted to conditions of contaminated soil. Although the addition of nickel-laden

stack dust initially increased the leaching of NH,'nd NO,, affer 11 months there were no significant

differences with respect to nitrogen content of the components between nickel-treated and control
microcosms. Nickel was retained mainly in the organic surface layer, but some nickel also was taken up
by the plants in the system (23).

Ruhling et al. (76) reported that a combination of several metals including nickel could reduce the rates of
decomposition spruce needles. The rate was significantly and negatively correlated with the amount of
nickel in the soil but moisture levels in the soil appear to have an important role in the process.

Wiltshire (98) reported that fertilization increased growth of several plant species in nickel-containing soil.

Although the nickel concentrations in the plant tissues were decreased by nitrogen fertilization, especially

by nitrate, the increased growth lead to more nickel uptake overall.

In acidic soil, Babich (5) reported that nickel additions to the soil reduced the numbers of several species
of microorganisms. At additions of nickel greater than 250 pglg, populations of Agrobacterium radiobacter,
Bacillus megaterium, Cryptococcus terreus and Torulopsis glabrata were reduced by at least one order of

magnitude. Serratia marcescens did not show the same order of effect until Ni concentrations reached
between 500 and 700 pg/g. Statistically significant decreases in population were recorded for Proteus
vulgaris, Bacillus cereus, Nocardia rhodochrous and Rhodotorula rubra at about 750 pg/g Ni, but the
population decrease was less than the factor of 10, even at 1000 gg/g Ni. In a well buffered soil, no effect
of nickel was observed, even at 1000 pg/g.

IY. NICKEL IN VEGETATION

Accumulation of Nickel In Plants

The scientific literature includes information about certain plant species that are called hyperaccumulators
because of their ability to absorb extremely high concentrations of nickel with no adverse effects (80). None
of the species so far identified in this category grow naturally in Ontario, although some species in the
same genera can be found. The species identified as hyperaccumulators are Hybanthus floribundus, H.
austro-caledonicus, Pearsonia metallifera, Allysum serpyllifolium, Dicoma niccolifera, Pimelea suteri, Silene
acaulis The most spectacular of these is M. austro-caledonicus which contained 27'i as a percent of

the ash although H. floribundus had a higher plant:soll ratio (65). Brooks (10) examined 70 species of
Rinorea but identified only two species R. bengalensis and R. javanica that could be considered as
hyperaccumulators of nickel.

Nickel concentrations encountered in over 7000 samples representing 65 species collected in Ontario by
the Ontario Ministry of the Environment during the period 1990 to 1992 are summarized in Table 9. These
data were obtained from samples collected during various investigations and include samples from sites
in the vicinity of point sources of contaminants. The majority of samples, however, were obtained from sites
where no sources of nickel contamination are obvious.



The data are arranged in taxonomic order, while genera and species within plant families are placed in
alphabetic order. There are no obvious patterns of accumulation from a taxonomic perspective, although
there are small dNerences. Conifer foliage ranged from 0.6 to 310 pg/g Ni. This included Norway spruce
and Jack pine foliage, with maxirrem vaWes at 310 and 200 pg/g Ni, respectively collected in the vicinity
of contaminant sources. Most others species for which a reasonable number of samples has been analysed
have mean concentrations of nickel less than 6 pg/g. When it considered that a proportion of the samples
were obtained in the vicinity of nickel-emitting sources, it is apparent that none of the Ontario species
sampled and analysed thusfar can be considered as nickel accumulators. The species listed in the table
represent only a small fraction of the species that grow in Ontario and it is possible that an accumulator
species might yet be discovered.

Uptake and Translocation

If a plant has the opportunity to be exposed to nickel, the factors controlling uptake and translocation of
the metal into other parts of the plant become important (53). Cata!do et al. (14) proposed that the carrier
system that absorbs and translocates Ni to the shoots apparently is the same one that carries other metal
ions. They also reported (15) that about 50% of the nickel applied to intact plants was retained in roots after
21 days. Of the nickel transported into the shoot, 78% moved into the seeds mainly in the cotyledon as
these comprise the largest portion of the seed. Over 90% of the nickel in both roots and leaves occurred
in the soluble form. Several investigations have shown that nickel accumulates in the grain of oats and
other plants (35,39).

Timperley (91) examined the distribution of nickel in organelles and cytoplasm from three New Zealand tree
species. The supernatant cytoplasm had remarkably similar proportions of just over 87% of the nickel in
all species. Chloroplasts contained 8.0 to 9.9% of the nickel while mitochondria and ribosomes only
accounted for between 0.32 to 2.85%. Nickel could be extracted in water from freeze-dried foliage in two
forms, one of which was neutral while the other behaved as a cation that was not NP .

Stewart et al. (87) showed that nickel chloride at 37 pg/ml applied to apple foliage was translocated into
the fruit. Unfortunately, the data are not reported in concentrations but in content per apple. Particulate and
soil nickel both caused decreases (additive in combination) in growth of soybean plants indicating that
nickel is available to plants through the foliage (63).

Physiological Effects of Nickel In Plants

The role of nickel in plant metabolism has been summarized by Mishra et al (53). Treatments with nickel
can influence the enzyme activity and pigment content of plants. It should be noted.that the effects are not
universal among plant species or the same in plants of different ages in the same species.

Nickel added to sand culture decreased chlorophyll concentrations in barley by 31% and soluble protein
by 21/. (1) In contrast, Kashin (42) reported that nickel treatments of seed increased chlorophyll content
in corn, oat and potato. Nickel reduces chlorophyll production in tomato (59) and Elodea canadensis (44),
wheat (95). Xanthophylls and carotene are similarly negatively affected by nickel.

In the presence of nickel, rates of respiration are accelerated. Increased respiration and uptake of rates
of oxygen have been found in wheat and corn. Agarwala (1) found that nickel (1 mmol/I NiSO4.7h20) added
to sand culture atter 1 week, lead to higher reducing (88'/o) and non-reducing sugars (86/o), starch (86'/o).
Sugar increases have been found ln beet but the reverse was reported in potato. Agarawala found that
nickel caused increases in protein nitrogen (10/o) in barley plants.

The literature indicates that nickel activates the polyphenol oxidase, b-amylase, arginase, tyrosinase,
ribulose-1,5-diphosphate carboxylase, and oxaloacetic decarboxylase enzymes. It has been suggested that
the latter three effects occur by at least partial substitution by nickel for copper, magnesium and
manganese respectively. Increases in phosphodiesterase, oligo&eoxyribonuclease and ribonuclease have



been observed in plant tissues following treatment with nickel. Maranville (48) found that nickel added as
either sulphate, chloride or acetate enhanced nitrate reductase in sorghum leaf tissue by up to.6 times.

Above concentrations of 4 mM Ni in the study mixture, nickel became slightly inhibitory to the process. The
effect also occurs in the closely-related sudangrass but nickel inhibited the enzyme extracted from wheat,
corn and soybean. Nickel applied to young sunflower plants stimulated catalase activity. The literature
contains reports of Increased peroxidase, aldolase and b-glycerophosphatase in plants treated with nickel.

The metal also has also been reported to stimulate the catalase enzyme in cucumber, bean, barley, corn,
oats and the flowers of maiden pink and petunia. By contrast, nickel has been found to reduce activity of

quinone reductase, peroxidase, ribonuclease, isocitric dehydrogenase, urease and acid inorganic
pyrophosphatase.

With so many possible avenues for nickel to affect plant physiological processes, it is probably the most
reasonable course for environmental managers to consider the net impact of the various enzyme and
physiological systems on the overall performance of plants exposed to nickeL Toxicity which is manifested
as reduced growth and yield are of prime importance. The tranfer of accumulated metal or undesirable toxic

byproducts to higher trophic levels in the food chain or general imbalances in nutritional components in

plants tissues are also important.

Nickel Toxicity and Injury to Plants

Svmotoms Besides overall reduction in size or yield of plants, excessive nickel can cause fairly specific
injury symptoms in plants (9). Generally, the injury has similarities with iron deficiency (1). The most
noticeable or prevalent injuries are those on graminaceous species in which white or bleached stripes
develop between the leaf veins. This is the classic form associated with nickel toxicity to oat as described
by Vergnano et al. (94). They reported that in sand culture, nickel concentrations as low as 2.5 pg/ml could
induce symptoms of toxicity. The first tissues to be affected were the mesophyll cells and epidermal cells
nearest the stomates. This was associated with the development of chlorosis near the tips of the leaves.
The progress of injury over time included agglutination of chloroplasts, bursting of cell walls leading to
general collapse and disruption of cells in all tissues, with the vascular tissue last to be affected. In general,
the pattern was similar to induced iron deficiency.

Bisessar (7) reported that nickel injury to celery consisted of patchy discoloration of young leaves and
premature senescence and yellowing of older foliage. Plants were also generally stunted. Additionally,
Frank reported that affected celery plants developed twisted leaf petioles and cupping of leaves. Roots
were generally stunted. Injury to cabbage and lettuce (Frank) showed bleached intercostal tissues which
enlarged to cover larger portions of the leaf, especially towards the margins. He also found lettuce to be
stunted with leaves displaying the chlorosis and necrosis pattern of cabbage as well as twisting of leaf
midribs, the leaves becoming leathery, and the failure of the plant to form normal compact heads.

Temple described (88) injury to silver maple as predominantly tan-coloured terminal and marginal necrosis-
of the foliage. Occasionally affected trees exhibit a slight overall chlorosis of the foliage. Samples of foliage
from peach, plum, lilac and Phlox collected in the same area and showing similar symptoms have been
deposited in the Ontario Ministry of the Environment herbarium collection.

In their studies of ozone effects, Mitchell et al. (55) were interested in the interaction of metals and plant
response to ozone. Peas were grown in nutrient solution containing 100 pM NiSO, and accumulated nickel
in the tissue to about 40 pg/g Ni. The nickel had no apparent effect on the integrity of chloroplasts or
mitochondria while the ribosomes, grana and lamellae exhibited normal structure.



Threshokf in tissue The mineral form of nickel in the soil as well as the physical properties of the soil

dictate the amount of the element that is available for uptake by the plant. Generally, the more nickel that
is in the soil, the more that will be available for plant uptake; however, the relationship is not necessarily
linear..Several studies have shown that the application of agricultural limestone will reduce nickel toxicity
exhibited by a plant although the concentration of nickel in the soil will remain substantially unchanged
(8,20,39). An infinite number of possible soil extracting solutions could be used to measure the amount of

nickel available to plants. Some extractants may be shown to be more accurate than others in predicting
nickel uptake and toxicity but this could vary from species to species. It remains that it.is the overall amount
of nickel which gets into a plant that Is the important consideration, although other factors, including
interactions with other chemical elements are important in determining nickel phytotoxicity. For example,
Crooke (19) found that nickel toxicity symptoms are usually not observed unless the Ni/Fe ratio is &1.0. The

~", most effective measure is that obtained by analysis for nickel and relevant metals in tissues of the plant
concerned.

The lowest concentrations of nickel in plant foliar or shoot tissues associated with nickel toxicity are
summarized in Table 1. For the most part, these are below 80 pg/g Ni but the nature of the reports
generally did not permit or include the calculation of a critical threshold. Davis et al. (21) considered the
critical concentrations of nickel in barley to be within the range of 11-19 pg/g. Previous work indicated that
the critical value for rye grass was similar, at 14 pg/g Ni (6). Critical nickel concentrations in plant tissues
relating to yield effects were suggested as 60 gg/g jn oat grain, 28 pa/a in oat straw, and 44 pg/g in alfalfa

(35). Temple (89) found that foliar or petiole nickel concentrations of 292 pg/g in lettuce, ~29 g/g in celery
and 44 pg/g in onion were associated with significant decreases in dry weights of plant parts. The threshold
concentrations for nickel in these species is presumably at concentrations below those reported, but no
further interpretations could be made from the data reported. In Scotland, acidic serpentine soils with
naturally high nickel concentrations were examined by Hunter et al (39). Application of lime and fertilizers
generally improved the performance of a number of crops and reduced the appearance of toxicity

symptoms, even though the nickel concentrations were scarcely reduced by these treatments in many
cases. Although the paper is somewhat unclear, it would appear that nickel concentrations between 35 and
99 gg/g in foliage were associated with toxicity symptoms for most species tested. Barley and wheat
showed no improvement following fertilizer treatment although the soil nickel content was low (&5 pg/g) in

all treatments. For most cereal plants, the grain had higher nickel concentrations than did the foliage. Oat
flowers also had high nickel concentrations (89 pg/g). Cottanie (Cited in Romero (75) reported that based
on a range of plant species, nickel toxicity is apparent at a foliar concentration of about 40 pg/g Ni, which
corresponds to 100 pg/g Ni in soil. The data presented in the report by Frank (26) were determined from
vegetable crops that were not marketable or at least considerably reduced in marketability. The critical
concentrations must, therefore, lie somewhat lower than the values cited in the report (Table 1).

Threshold in arowina media Although the study of the effects of metals on plants growing in nutrient
or sand culture can not generally be considered as realistic, relative to field conditions, the studies are of
some value (35). They are somewhat realistic for those conditions where soil water chemistry approaches
that of the experimental culture solutions.

Table 2 was developed from data compiled from Hewitt (38) and other sources. The majority of lower
concentrations where phytotoxicity was encountered are in the range of 2 to 15 pg/ml Ni. Concentration
as low as 0.5 pg/mi caused a toxic response in flax. Vergnano (94) found that, in sand culture, nickel
concentrations as Iow as 2.5 pg/ml could induce symptoms of toxicity. Reductions in growth of white pine
and white spruce seedlings, (the only tree species for which data were available, grown in perlite solution
culture occur at about 10 pglml. In this treatment, foliage concentrations of nickel were approximately 80

I g/g

Black Spot Iniurv On a number of occasions in the Sudbury area, a quite different metal
contamination and toxicity problem has been identified. The cause of the problem has been identified as
fall-out of metallic particulate from the nickel smelters. The particles themselves were mostly less than 1

mm in diameter but occasionally a few reached about 20 mm. The particulate is extremely acidic and



contains high concentrations of nickel, iron and copper. The prevalent symptom of the injury is small,
discrete, very&ark spots at the site where the individual particle came into contact with susceptible foliage.
Because of these symptoms, the condition has become known as black spot .

The spots are typically 0.5-1.0 cm in diameter. Protected leaves and narrow leaved species were not
injured. Some species such as honeysuckle (Lonicera tatanca) were never found to show any symptoms.
Other species such as Impatiens developed large, red, anthocyanotic rings around the injury. With aging
and drying; the black central portion became surrounded by a bleached tan to brown band. Frequently, the
central portion, which sometimes contained residues of the particle and/or materials, leached from the plant
tissue, cracked and broke away. The most apparent injury occurred on succulent leafy species, such as
lettuce and endive.

Chemical analysis was performed on the foliage and the results are shown in Table 3. The results for nickel
analysis of tissues clearly show that injury was associated with elevated concentrations of nickel in the
injured foliage. It must be noted however, that copper and some other elements were also elevated. Of
special note was the sensitivity of onion foliage to the fall-out. In a number of places where the forage was
bent to a horizontal position, the upper-most surface was damaged while the lower, protected surface was
normal. It was possible to split these leaves longitudinally into Injured and non-injured portions. The
chemical analysis dearly showed elevated nickel, copper, iron, selenium and lead in the injured portions.

The area affected with "black spot" varied widely among incidents and occasionally covered several krvP.
The injury raised public concern regarding the safety in consumption of the garden produce, however, the
aesthetics alone, in the case of leafy green vegetables, would prevent their consumption.

Effects of Season on Nickel Content of Plants

Because it is possible for plants to show changes in composition of foliage over the growing season, thishas important ramifications for monitoring, interpretation and regulatory purposes. In order to understandthe pattern and magnitude of changes that occur over the growing period, studies were undertaken at HighFalls (about 30 km west of Sudbury) in 1984 and in Southern Ontario (Halton County) in 1990. At High
Falls, samples of white birch (Betula papyrifera, trembling aspen (Populus tremuloides), sugar maple (Acersacharrum) and beaked hazel (Co/plus cornuta) foliage were collected. Also collected were shoots and
roots of Aster macrophyllus, Clintonia borealis and Pteridium aquilinum. In Halton, foliage of white birch,
white ash (Fraxinus americana), trembling aspen, Manitoba maple (Acer negundo), silver maple, white
spruce (Picea glauca), and white pine (Pinus strobus) were collected. The conifer foliage was segregated
into current, 1-year and 2-year old foliage. Samples were collected at about 144ay intervals during the
growing season at both locations.

The seasonal patterns of nickel concentration are shown in Figures 3 to 5. In Halton, where no sources
of nickel are evident, there was a steady increase in nickel concentration inboth silver maple and Manitoba
maple as well as in white ash, although the concentrations remained below 2 pg/g Ni (Fig 3). Nickelconcentrations in ash began to decrease as foliage approached autumn leaf fall. In both aspen and birch,
(Fig. 4) the nickel concentration decreased for about 6 or more weeks, then showed a slow increase, butbegan to fall again at the end of the season. Nickel concentrations in spruce foliage were lower in theseason of leaf formation than ln subsequent years, indicating that some accumulation of nickel with timewas taking place (Fig. 5). There was a general increase in nickel concentration over the growing season,but the maximum value was slightly over 2 pg/g Ni. No consistent pattern was evident in white pine foliage,but peak values were about 1.1 pg/g Ni.

In contrast with Halton County, the tree samples collected at High Falls had elevated nickel, presumablyinfluenced by the metallurgical operations at Sudbury. Nickel concentrations in sugar maple foliage (Fig.
6) showed a steady decline over the sampling period from about 10 pg/g Ni to about 1 gg/g Ni. This is thereverse of the pattern seen in maples collected in Halton. The initial decline in nickel in aspen foliage seen
in Halton was not observed at High Falls. Here the nickel increased from 13 to about 23 pg/g Ni with a



slight decrease at the end of the season. Birch and hazel exhibited a weak pattern of accumulation over
time.

The shoots of Clintonia and bracken plants collected at High Falls initially showed decreases from elevatedconcentrations of 77 and 62 pg/g Ni (Fig. 7). Thereafter, the nickel concentrations showed minorfluctuations while nickel in aster shoots remained remarkably constant through the growing season. Theproportion of the nickel in the foliage as a percentage of the entire plant increased over the season for allthree species (Fig. 8). The proportion decreased at the end of the season as concentration in the rootsincreased. It would appear that these wild plant species cycle nickel between a storage site in the rootsover winter and the foliage during the summer.

. The information obtained in these investigations shows that nickel, at least in some species, changes overthe growing season. Therefore, valid interpretation of environmental data trends between years can only', be made when vegetation samples are collected at the same time in each year.

Nickel Content of Vegetables

Over a period of several years, vegetables and cereals were grown 27 km south of Sudbury at Burwashin soils in which the surface soil nickel concentrations at the site varied between 26 and 73 gg/g Ni. Thework at this site attempted to establish the levels of metal contamination of food plants that might beexpected under conditions of light nickel contamination. This represented an intermediate situation betweenbackground (no contamination), where minimal metal uptake should be expected and that of grosscontamination where other attendant toxicity problems are In evidence. For most species, three plantcultivars were grown under recommended cultural conditions (planting dates, fertilizer, irrigation, cultivation)but no pesticides were used. Upon maturity, the plants were divided into root, foliage and fruit or edibleportions and submitted to standard chemical analysis for nickeL

The results of the chemical analysis are presented in Table 10. Roots contained higher concentrations ofnickel than did the foliage with the exception of the solanaceous species, beets and squash. The edibleportions or fruits of grains, legumes and cucu*its had higher nickel concentrations than did thecorresponding foliage.

Edible roots contained 6 and 18 pg/g Ni for radish and beet, respectively; however, carrot contained 95pg/g Ni. Edible foliage had nickel concentrations between 4 and 26 pg/g Ni. Fruit or other edible tissuesshowed concentrations from 4 to 46 pg/g Ni. Of these, beans showed 41 pg/g Ni, while oats had 46 pg/gNi, the latter pattern being consistent with other literature values.

In comparison with this data, it can be seen that mean nickel concentrations for analogous speciescollected throughout Ontario presented in Table 9 are much lower than at Sudbury. The Ontario data inturn are generally higher that the information provided by Wolnik (99) for vegetables available in the UnitedStates (Table 11).

Nickel In Tree Bark

Some preliminary data from 1981 concerning metals in surface bark of White pine indicated a gradient innickel related to distance from Sudbury. This is demonstrated in Figure 10. Subsequently, furtherinvestigations were conducted to evaluate tree bark as a sampling medium.

Samples were collected from a variety of tree species growing under different contaminant loading (Table12). The Skead site, where the highest nickel concentrations occurred, is heavily impactedby Sudbury areasmelters. Grundy is remote from Sudbury but still shows some influence of Sudbury operations, Meanconcentrations at Virginiatown, in the vicinity of a smaller smelter complex are about the same as atGrundy, while the Kirkland Lake site is remote and shows the lowest level of contamination.



Considerable variation among species was demonstrated. Coniferous species usually contained the highest
concentrations of nickel. It is apparent that the surface roughness has a large role to play in the trapping
of airborne metals with the rougher-barked species containing more nickel. The smooth bark of species
such as pin cherry, speckled alder and trembling aspen would allow rain water to drain away much more
rapidly than would the other species.

The surface nature of the accumulation was demonstrated by separating the bark of white birch into its
annual growth layers starting at the surface (Fig. 11). A large decrease in nickel concentration is apparenteven between the first and second layers, a distance of only about 0.1 mm.

V. NICKEL IN CRYPTOGAMS

Nickel In Fungi

The emission of nickel into the environment could potentially lead to contamination of organisms other than
vegetation through natural cycling processes. One of the groups of organisms that are involved in the
cycling process are the fungi. The larger fruiting structures of fungi could be consumed by humans or bywildlife. Samples of some representative species were collected at background areas in Northern Ontario
in 1978 to determine the natural levels of various elements in the fruiting structures (Table 4). Many of thesamples had non-detectable concentrations of nickel but Boletus scaber had an average of 5 gg/g Ni.
Although most of the species examined are wood-inhabiting, and are not desirable for human food, theBoletus is edible.

Two reports which included nickel levels in fungi were encountered in the literature (Table 5). None of thespecies reported by Lepsova (46) were the same as those examined in Northern Ontario. That report from
Czechoslovakia indicated a range in nickel from 0.4 to 65 pg/g Ni, although the majority of values were lessthan 15 pg/g Ni. The report of McCreight et al. (49) showed nickel concentrations to be very low (0.0 to0.47 pg/g Ni) in Lycoperdon perlatum, corroborating the data for the only species in common with theOntario samples.

The effects of nickel on fungi in soil was examined by Babich et al (5). Growth reductions of at least ten~.percent for several species of fungi were noted at nick~eamencATIErtts between 50 and 750 pg/g Ni. As +
much intra-generic variability was noted in four Aspergillus species (A. flavipes, A. flavus, A. ciavatus and
A. niger as there was between four other species (Penicji/I'um vermiculalum, Rhizopus stolonifer,Trichoderma viride and Gliocladium sp. The study did not attempt to quantify the amount of nickel in thethallus of these microfungi.

Nickel shows certain fungicidal properties and enhances the effectiveness of the fungicide Maneb. Michel
(51) reported that nickel sulphate (19% of 3 lb/A) added to Maneb enhanced the effectiveness of thefungicide in controlling the crown rust disease of oats incited by Puccinia coronaria var. avenae. Similarrates of nickel added to Maneb were effective in controlling wheat stem rust (Puccinia graminis) and otherplant diseases. Despite the evidence presented in the literature, no commercially available fungicides basedon nickel have been developed.

Nickel In Lichens

Lichens have received a great deal of attention ln environmental monitoring studies because of their relativesensitivity to gaseous air pollutants (27,60,92,93). Lichens are also useful in monitoring metalliccontaminants because they trap and retain materials including metals from the air (72). They have beenemployed to advantage in several parts of the world. Some of the literature values with respect to nickelaccumulated in lichen tissues has been summarized in Table 6.
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Figure 9 provided in Case (13) graphically depicts the influence of Sudbury on nickel levels in Cladina mitis
in Ontario. The range of values for both C. mitis and C. rangiferina are very similar being 0.93 to 34.5 and
0.9 to 33.0 pg/g Ni respectively. The mean was the same for both species at 4.4 pg/g Ni (Table 7).

Nickel In Mosses

Mosses, like lichens, are useful in monitoring air quality (11,12,13,83). They can trap metals in the air and
accumulate considerable amounts of metals. This property has been used to advantage by suspending
known quantities of Sphagnum moss in the vicinity of sources of pollution (90). The moss can be analysed
as normal vegetation samples after exposure for fixed periods and the data can be examined in relation
to the source. Studies conducted in Sudbury and Pt. Colbome showed that up to 980 and 1500 pglg Ni

respectively (58.73) could be accumulated in 30&ay exposure periods. Native moss in Ontario contained
between 1.7 and 81 pg/g Ni (13). The highest of these values were associated with samples collected in

proximity to Sudbury.

Literature data concerning nickel in moss is presented in Table 8. The information would indicate that
Ontario background (remote from Sudbury) nickel values are typical for other places in the world.

VI. NICKEL IN WILDLIFE

Because nickel is widespread throughout the flora of the terrestrial environment, it is logical to expect that
wildlife at higher trophic levels would be exposed to the metal. The wildlife could potentially accumulate the
metal; however, there is limited published literature dealing with the subject.

Jenkins produced a summary of the animal data available to 1980 (40). That summary included nickel
levels for domestic livestock as well. Since that time, other information has become available and has been
included in Tables 13 and 14.

In general terms, nickel is present in animal tissues in concentrations similar to those found in plants. The
concentrations found in earthworms ranged from 1.87 to 5.33 pg/g (85) (Table 13). The few insects
examined thusfar show a wide range in nickel concentrations (37). The pine bark bug ranged from below
detection to 220 pg/g Ni. Termites from Rhodesia contained up to 5000 pg/g Ni (97). These were obtained
from a serpentine soil site and warrant further investigation with respect to the organisms that feed upon
them. Muskett et al. (56) did not find any negative association between nickel and other metals associated
with roadside invertebrate macrofauna. Numbers of some groups (isopods, hemipterans and collembolans)
actually increased in proximity to the road.

Nickel concentrations in bird tissues were fairly low throughout those samples tested (Table 14). Mammal
liver and kidney tissues showed generally fairly low nickel concentrations although one sample of white-
tailed deer liver reached 97 pg/g Ni. Mammal muscle and bone tissues tended to have higher nickel
concentrations than did the other organs. The antlers of roe deer (Sawicka-Kapusta) that are also
effectively bone structures, also had somewhat elevated levels of nickel. The forage available to these deer
had nickel concentrations ranging from 0.75 to 9.1 pg/g Ni. Herbs, grasses and low shrubs (Vacc/nium) had
slightly higher nickel concentrations (79 pg/g Ni) than did browse trees (4.7 pg/g Ni) (33).

Overall, the currently-available information would suggest that nickel accumulation in wildlife is not a major
problem. The database, however, is decidedly limited and therefore problems relating to.nickel toxicity to
wildlife may still await discovery in addition investigations.
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Vll. REGULATORY ASPECTS FOR NICKEL IN THE TERRESTRIAL ENVIRONMENT

At the present time, there are no established standards for nickel in any terrestrial medium in Ontario.
Instead a number of guidelines are in use (3). These include guidelines for surface soil (0-5 cm), foliage
in general and forage. Distinction has been made between urban and rural land use categories.

The guidelines are used mainly in interpreting data collected during various investigations. Originally,
comparisons were made with published literature values. Gradually, guidelines were adopted from
experience gained in Ontario. As more data became available, statistically- based guidelines were
developed. The first of these was the concept of the Upper Limit of Normal" or ULN which consisted of
the mean plus three standard deviations of elemental concentration for a series of samples collected at
background sites removed from sources of contamination. The idea here was that the concentration derived
would not normally be encountered or exceeded in 99 out of 100 occasions. Because of the fact that a
number of elements did not fit statistically normal distributions and other problems including species and
seasonal influence, it was necessary to refine the approach to establishing background concentrations. The
new method known as the Ontario Typical Range (OTR) ls based on more representative sampling from
all regions of Ontario and include a greater number of land use categories and receptors. The data are
statistically interpreted using the Stein's Two-stage Sample test and the Kolmogarov-Smimov Two-Sample
Test to establish the OTR (the 98th percentile in the range) (41). To date soils from two land use
categories have been sampled and OTR~s derived.

The various guidelines for nickel that have been used over the years are summarized in Table 15.
Generally, the guidelines have become increasingly more stringent while at the same time becoming more
realistic and scientifically defensible. Eventually all of the ULN guidelines will be replaced by OTR~
guidelines; however, that will not be completed for a number of years.

Vill. GENERAL SUMMARY

In general terms, nickel concentrations in various natural components if the terrestrial ecosystem in Ontario
are low and quite comparable with other parts of the world. On the other hand, some areas of the Province,
have been lett with a legacy of environmental contamination associated with the historical from emissions
from the nickel production industry. The contamination was sufficient to create toxic conditions for plants,
to allow accumulation of nickel to high levels in the tissues of various organisms, and to disrupt normal
functioning of the ecosystem. Abatement efforts and facility closures have considerably reduced the rate
of deposition of nickel to the terrestrial environment. This, given sufficient time, will allow the nickel levels
to decrease until they are no longer pose a problem.
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TABLE 1. CONCENTRATIONS OF NICKEL IN PLANT TISSUES ASSOCIATED
WITH PHYTOTOXICITY AS REPORTED IN THE LITERATUR.

Species

Alfalfa

Barley

Beet U *El(~

Cabbage

Celery

Escarole

Lettuce

Lettuce, head & f(d'(-

Oat

Tissue

Foliage

Foliage

Foliage

Foliage

Foliage

Petiole

Foliage

Petiole

Foliage

Foliage

Foliage

Foliage

Foliage

Foliage

Plant

7.2 - 32

17 - 134

Vergnano (94)

Vergnano

Nickel Conc. Reference
(ug/g)

44 + Halstead (35) &

11 - 19 ~ Davis (21)

&'(.~c Frank (26)

76c Frank '5

c Frank'9

Temple (89)

78 c Frank

332 Bissessar (8)

35 c " Frank

61 Mitchell (55)

292 Temple

15 c 'rank
25, c ~ Frank

Onion ~ I .'-
Radish

Ryegrass

Wheat

White Pine

White Spruce

Straw

Grain

Plant

Foliage

Foliage

Foliage

Foliage

Grain

Foliage

Foliage

28

60

91

14

18

26

80

80

Qalstead
+ Halstead

Williams

Temple

Frank

+ Beckett

Mitchell

Mitchell

Lozano (47)

Lozano

19



TABLE 2. CONCENTRATIONS OF NICKEL THAT CAUSE TOXICITY TO PLANTS
GROWN IN SOLUTION CULTURE AS REPORTED IN SCIENTIFIC LITERATURE

Species Exposure Method Nickel Conc.(w'»'eference
Alfalfa

Barley

Bean

Beet, sugar

Buckwheat

Corn

European ash
Flax

Hop

Kale

Oat

Pea

Pepper, Sweet

Potato

Rye

Sweet Orange

Tomato

Turnip

Wheat

~

Overall lower toxicity range

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Spray
Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Solution culture

Accumulated spray
in soil

Solution culture

3-300
2-15
3-300
2-15
2-40
15-30
2-60
2-40
3-300

30 ~

0.5 -5

15 -30
1 -30

2.5

3-300
5

5

15-30
3-300

1

15 -30
3-300
25 - 300

15-30
88

50

3-300
t-ss

Scharrer (81)

Brenchley (9)

Scharrer

Brenchley

Haselhoff (36)

Hewitt (38)

Cotton (18)

Haselhoff

Scharrer

Khashes

Millikan (52)

Legg (45)

Hewitt

Vergnano (94)

Crooke (19)

Scharrer

Hunter (39)

Hewitt

Hewitt

Scharrer

Pais

Hewitt

Scharrer

Vanselow

Pais

Hewitt

Nicholas (59)

Kusaka (43)

Scharrer

20



TABLE 3. NICKEL CONCENTRATIONS IN VEGETABLES SHOWING "BLACK SPOT" INJURY
COLLECTED IN THE SUDBURY AREA 1975 TO 1981

Species Scientific Name Year
Nickel Concentration

0 ala)

Beet

Endive

Escarole

Leaf lettuce

Potato

Onion

Beta vulgans

Cichorium endiva

Lactuca scariola

Lactuca sativa

Solanum tuberosum

Allium cepa

1978
Control

1975
1978
1978

Control

1981
Control

1978
1981

Control

1981
Control

1978 injured
uninjured

76
18

63
«8
157
20

65
12

97
167
17

~43
9

. 77
14

21



TABLE 4. NICKEL CONCENTRATIONS IN FUNGAL FRUITING
BODIES COLLECTED IN NORTHERN ONTARIO IN 1978

Species No. Samples Mean

Auricularia auncola
Boletus scaber
Clitocybe spp.,
Collybia spp.
Fomes applanatus
Fomes bakeri
Fomes fomentanus
Fomes ignanus
Fomes pinicola
Fomes pinicola
Hypholoma perplexum
Lycoperdon perlatum
Pholiota squarrosoides
Polyporus abietinus
Polyporus betulinus
Polyporus sulphureus
Poria obliqua

1

8
2
1

1

1

1

2
2
1

1

3
2
1

15
1

1

2
5
2.5
2 &

2&
3 &

2(
3
2&
2&
2&
1 &

1&
2(
1.9
2(
2



TABLE S. NICKEL CONCENTRATIONS IN TISSUES OF FUNGI REPORTED IN UTERATURE

Ni Conc.
(ppm)

Country

Amanita umbrfnolutea
Dermocytre palustris
Derrnocytre ufiffinose
6eferfne pebdosa
Lactarfus hei&us

Lactarim necator
Lecterfus rufbe

Lycoperdar perfatunt
Lyophyffum pafustre~a efcaffna

ftfycene yabpoda
Naemelobme capnodas
Naemetobme ebngatipes
Pexilfus hvobtus
Russula decoforens
Russufe emelfcs
Russufe ochrolsuce
Russufe pedtlfose
Suiffus ffavktus
SuNus varfeyatus
Xerocomus fradius

1.7 - 8.8
5.3 - 65.1
5.0 - 16.4

3.8
1.3- 1.4

12.3

0.6 - 0.7
0.00 - 0.47

20.1

12.7
10.9

0.5 - 7.6
. 8.6

4.2
2.4 - 2.5
0.8 - 1.5

1.9 - 2.6
6.2 - 18.8

5.4 - 7.6
0.4 - 0.7
4.6 - 6.1

Ctechoslovakla

USA (Connectkut)
CzechoslovaNa

Area ot moderate industrial pollution

Roadside
Area ol moderate industrial poltutkrn

Lepsova (46)

McCreiyht (49)
Lepsova el al, 1988



Ni Conc.
(ppm)

Comments Reference

Calymeferes usambaricurn
Cladonia miss
Cladcnie ranpilerina
Hypnopymnia physodss
Lecanora conizaeoides
Ramalina duriaei
Stereocaulcn spp.
Umbilicaria spp.
Lichen species (13)
Lichen species (14)
Lichen species (2)

71.3 - 70.6
3-10
3-12

O.Q - 27.5
3.4 - 47.0
0.1 - 37.6

5-7
5-14
13-10
1.3 - 10
1.3 - 10

Uganda
Canada, (Ontario)

Canada, (Onauio)

Mainly N. American
Mainly European
Israel, U.K.

Rural and urban sites
Vicinity of uranium mines or background

Transplants in industnal area, 214 days
Epiphytes in industrial area
Exposed thai li coated with polymers
Vicinity of uranium mines or background

Cited, rural sites
Cited, over mineralied substrates
Cited, urban sites

Nyangababo (62)
Boileau (11)

Pilegaard (68)
Pilegaard (67)
Gany (28)
Boileau

Richardson (72)
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TABLE 7. NICKEL CONCENTRATIONS (pgig) IN LICHENS AND MOSS AT SITES NEAR TO AND REMOTE FROII SUDBURY (ftam Case, 1990)

Type

Identltication

Species

Ctadna mio's

Ctadna ntnyitetina

Ciadna stetiatts

Evemks mesomogka

Panneiia sufcata

Ramaiia

Stentocaulon

Ijsnea subtlotidana

Hpfocomntum splendens

Hppnoyymnia physodes

Pieuroztum schrebett

Tomenthypnum nitens

2.13

1.27

0.24

0.37

0.5

0.5

0.5

4.0

2.0

3.30, 2.68 0.5

8.71

4.31

5.14

11.32

0.24

1.0

2.0

2.0

0.5

0.2

Mean S.D. Min.

1.0

5.0

6.0

7.0

2.0

30.0 37.59 19.79

1.0

3.0 81.0

Sudbwy

Max Mean S.D. Min. Max

8.0 24.33 17.73 8.0 90.0

23.0 23.72 18.25 3.0 90.0



TABLE 8. NICKEL CONCENTRATIONS IN TISSUES OF MOSSES REPORTED IN UTERATURE

0 cranowrrrsrs crnata
Qicnrnum spp.
Hytdcomnium sphrndens

ff)Tmum coplassifblme

(ducobyum gfeucum
Ptwrmtum schreberf

Pofrfid nutdna
Poijrefchum carrmrsre
Sphdgntsrr ftrscum

Sphagnum spp.

Nl Conc.
(ppm)

1.0 - 35. 2
7- 12
7- 10
5-14

2
6-12

6.5 - 188
8

Up to 185
2-8
1-34

2.0 - 3.8
8-21

Up to 195
3-15

3
0.2- 1

5-16

Country

Denmark
Canada, (Ontario)
Sweden
Canada
Rnland
Denmark
Wak

USA, New England
Canada (Sudbury)
Poland
Canada, {Ontario)
Canada, {Ontario)

P

Canada, (Sudbury)

Rnland
Canada

Transptants in rndUstnat area, 214 days
Vidnity of uneitum mines and background
Background, increases In Ni with age
Cited
Cited
Cited
Industrial area
Cited
Cited
Cited
Cited
Background
Vicinity of uranium mines and background
Cited

Cited
Cited
Vklnlty of uranium mines and background

Pilegaanf (68)
BoHeau (11)
Ruhllng et af. 1870 (77)
Rkhardson P2)

Goo&uut (32)
Rkhardson

Rinne (74)
Boileau

Rkhardson

26



TABLE 9. NICKEL CONCENTRATIONS (UG/G) FOUND IN TISSUES OF SELECTED PLANTS
SPECIES IN ONTARIO - 1990-1992

Species
Common Name

Yew, Japanese
Spruce
Spruce, Norway

Spruce, White

Spruce, Colorado
Pine, Jack
Pine, Red
Pine, white

Fir, Douglas
Juniperus chinensis
Cedar, Red
Cedar, White

~Fage .

,
Oats
Timothy
Wheat
Corn

Sedge sp.
Onion

Daylily

Aspen, Trembling
Birch, White

Oak
Oak, White

Oak, Bur
Elm

Smanweed
Beet
Chard
Cabbage

Brussels sprouts
Radish
Currant, Black

Apple
Plum

Cherry, Black

Pear
Locust, Honey
Soybean
Alfalfa

Species
Scientific Name

Taxus cuspidata
Picea spp.
Picea abies
Picea glauca
Picea pungens
Pinus banksiana
Pinus resinosa
Pinus strobus
Pseudotsuga menzi esii
Juniperus chinensis
Juniperus virginiana
Thuja occidentalis
(Graminae mainly)

Avena sativa
Phleum pratense
Triti curn aestivum
Zea mays
Carex spp.
Allium cepa
Hemerocallis fulva
Populus tremuloides
Betula

papyri
fer

Ouercus spp.
Ouercus alba
Ouercus macrocarpa
Ulmus americana
Polygonum aviculare
Beta vufgaris
Beta vufgans cicia
Brassica oleracea capitata
Brassica oleracea gemmifera
Rhaphanus sativus
Ribes nigrum
Malus sylvestris
Prunus domestica
Prunus serotina
Pyrus communis
Gleditsia triacanthos
Glycine max
Medicago sativa

27

No
Samples

3
14

113
8
1

129
64
4

4
4

18

12

39
10

122
69

2
3
2

15
9
9
2

22
43

1

21

5
7
1

12
1

4
2
2
6
2

12
57

Mean

2.1

2.5
5.9
2.4
1.7

23.6
15.7

1.4
28.0

1.3
4.9
3.6
6.0

9.2

1.0
1.8
4.6
1.8
3.2
3.9
1.3
0.9
2.3
3.6
1.8
5.5
2.4
2.7
1.5
6.7

21.0
0.9
2.8
1.5
1.3
1.5
1.8
1.7

Range

0.5 - 3.2
1.0 - 6.6

0.5 - 310
0.5 - 5.9

0.6 - 200
0.5 - 56.0

1.3 - 1.4

0.8 - 2.0
0.7 - 11.0
0.6 - 15.0
0.6 - 20.0

1.7 - 83
4.3- 50
0.5 - 69

0.5 - 3.2
1.8 - 0.0
2.1 - 8.9
1.8 - 0.0
1.0 - 7.5
1.8 - 5.2
0.7 - 1.9
0.9 - 0.9
1.5 - 3.5
2.2 - 5.1

0.5 - 46.0
1.1 - 5.5
0.5 - 9.9

0.5 -140

0.5 - 1.3
2.6 - 2.9
1.1 - 1.8
0.5 - 2.6
1.3 - 1.6
0.9 - 3.0
0.5 - 8.2

S.D

1.1

1.5
33.3

1.7

26.8
15.6
0.1

0.5
3.8
4.9
6.0

4.8

0.5
0.0
3.0
1.0
1.9
0.9
0.4
0.0
0.4
0.7

12.2
1.6
3.3

20.7

0.4
0.2
0.4
0.7
0.2
0.5
1.4



TABLE 9. NICKEL CONCENTRATIONS (UG/G) FOUND IN TISSUES OF SELECTED PLANTS

SPECIES IN ONTARIO - 199D1992

Species
Common Name

Bean
Glover, Red
Ailanthus
Castor Bean
Sumac
Euonymus fortunei

Maple
Maple, Manitoba

Maple, Black

Maple, Norway

Maple, Silver

Maple, Sugar
Buckthom
Carrot
Dogwood, Silverleaf

Ash
Ash, Red
Ash, Green

Lilac

Periwinkle

Basil

Pepper, Green
Tomato
Eggplant
Potato
Cucumber
Lettuce

Species
Scientific Name

Phaseolus vulgaris

Tnlolium pretense
Ailanthus aNissima

Rinucus communis
Rhus typhina
Euonymus fortunei

Acer spp.
Acer negundo
Acer nigrum
Acer platanoides
Acer saccharinum
Acer saccharum
Rhamnus cathartica
Daucus carota
Comus alba
Fraxinus spp.
Fraxinus pennsylvanica
Fraxinus pennsylvanica
subintegenima
Syringa vulgaris
Vinca minor
Oc/mum basilicum

Capsicum trutescens
Lycopeaicon esculentum
Solanum melongea
Solanum tuberosum
Cucumis sati vus

Lactuca sativa

No
Samples

10

10
4
1

4
3

29
94

1

93
613

8
3
9

42
39

2
7

4
2
2

3
3
2

51

7

3

31.8
282

3.5
0.5
0.9
0.9
1.6

2.0
1.8

2.5 0.5 - 21.0
3.7 0.5 - 42.0
1.2 0.7 - 1.8

1.7 1.3 - 2.0
1.2 0.6 - 2.1

1.6 0.9 - 2.9
3.0 0.5 - 11.0

1.4 1.3 - 1.5

2.6 1.9 - 3.5

0.5 - 180 58.8
7.0- 5O 13.O

0.8 - 9.4 3.4

0.5 - 1.4 0.4
0.6 - 1.4 0.4
O.5 - 3.1 O.6

O.5 - 6.3 O.8

3.0
6.2

0.3
0.3
0.6
0.4
2.2
0.1

0.6

2.1 1.3 - 2.6
1.8 1.8 - 0.0

2.2 2.1 - 2.2

181.5 3.5 - 530
0.7 0.6 - 0.9
2.5 2.1 - 2.9
1.7 0.5 - 18.0
2.3 1.3 - 4.2

77.3 3.0 - 140

0.5

0.0
0.05

246.4
0.1

0.4

2.5
1.0

66.6

Mean Range S.D



TABLE 10. CONCENTRATIONS OF NICKEL (UG/G DRY) IN TISSUES OF VEGETABLE
CROPS GROWN AT BURWASH, ONTARIO

Plant Family

Chenopodiaceae Beets

Species Root

18

Foliage

Compo sitae

Cruciferae

Cucurbitaceae

Graminae

Leguminosae

Polygonaceae

Solanaceae

Umbelliferae

Swiss chard

Endive

Escarole

Lettuce

Broccoli

Cabbage

Cauliflower

Kholrabi

Radish

Pumpkin

Squash

Barley

Oats

Rye

Bean

Pea

Buckwheat

Pepper

Potato

Tomato

Carrots

Celery

Mean for all species

Minimum

Maximum

66

19

78

12

27

10

13

35

29

85

115

14

32.7

115

24

12

14

26

10

20

24

10

10

23

24

13.4

29

12

12

46

41

28

12

16.6

46

Values shown in bold represent edible portion of plant

29



TABLE 11. NICKEL CONTENT OF VEGETABLES USA (UG/G) (After Wolnlk, 99)

Crop Moan Dry No. Samples Nllnlmum INaxlmum

Carrot

Field corn

Onion

Rice

Spinach

Tomatoes

0.62

0.39

0.35

0.31

127

1.11

141

140

207

Nd

Nd

Nd

Nd

Nb

4.03

1.3

1.56

1.33

3.90

4.05



TABLE 12 NICKEL CONCENTRATIONS (pg/g) IN SURFACE BARK OF 10 TREE
SPECIES IN NORTHERN ONTARIO - 1982

Species

White Spruce

Black Spruce

Tamarack

White Cedar

Jack Pine

White Birch

Trembling Aspen

Balsam Poplar

Pin Cherry

Speckled Alder

~Mean

Impact Assessment

Virginiatown

5

5

6

9

4

4

2

5

2

4

4.6

Small smelter Rural
Background

Sample Site

I
K'rkland La"e

I
Skead

2 39

2 50

3 46

3 61

2 61

1 8

1 37
4 15

2 11

1 4

33.2

Major
Smelter

I
Grundy

5

5

8

16

7

2

3

5

2

1

5.4

Distant from
major smelter

31



TABLE 13. NICKEL CONCENTRATIONS IN TISSUES OF INVERTEBRATES REPORTED IN LITERATURE

Type

hnrertebratee

Earthworm

Phe bark bug

Termite

Pkte resin gag moth

Birds

Eisenie lberida

Aromas cirnamcmeus

Odbnlolennes spp.
Tifnenritermes spp.

Petrova resinelta

Tissue Ni Conc.

{pgig)

Whole 1.87 - 5.33 USA (INirxris)

2.3 - 220 Finbrnd

c0.5 - 6.8 Flnktnd

Mine spog restorathn

Stated in text

Oueens contained lese Ni (20 uglg)

Read from histogram

Smmers {85)

Helkwaara (37)

Wild (97)

Bald Eagle

Rutted Grouse

Spruce Grouse

Willow Ptarmtgrat

American coot

Sack Duck

Mallard

Greater Scaup

Robin

lagopus lsgopus

Fuitca americana

Anas rudn'Pes

Anas plalyrhychcs

Aythya marile

Tubs migraronus

Egg

Feathers

Kidney

Lfver

0.0

0.68 - 0.83

0.67 - 1.75

0.31 - 1.90

ND - 2.2

1.02 - 1.94

0.32 - 1.34

0.90 - 1.94

1.66

0.91

Dry weight

Canada, (Ontario) 'g

USA (New England)

'anada, (Ontario+)

USA (Texas)

USA (New Jersey)

USA {New England)

USA (New England)

USA, Wisconsin

Background concentragons

Fresh weight

Background concentragons

Vicinity ot coal-lired power plant

Samples Irom 14 birds, wet weight bash

Samples trom 7 birds, wet weight basis

Samples tram 20 birds, wet weight basis

Fresh weight

Schroeder (82)

Parker (64)

Schroeder

Parker

White (96)

Gochfeld (31)

32



TABLE 1 ~ . NICKEL CONCENTRATIONS IN TISSUES OF MAMMALS REPORTED IN UTERATURE

Roe Deer

White-tailed Deer

Cottontail Rabbit
0

Capreolus capreotus

Qscrooryeus vlqrinisnus IQdney

Kidney

Uver

Uver

Musde

Bone

Ni Conc.

(pglg)

14 - 18 Poland

0.0 - 2.0

0.0 4I.66

ND-07
0.0 - 2.5

0. 1 - 0.0

6.3 - 6.8

USA (New England)

USA (New England)

USA (Illinois)

USA (New England)

USA (Pennsylvania)

Values read from histogram

Fresh weight

Fresh weight

Samples of 100 deer, mean of 3.6 uglg
Fresh weight

Sewage sludge beatment area

Sawide-Kapusta (79)

Sdiroeder (82)

Woolf (100)

Sdiroedsr
Dressier (24)

Red Squlnel

Grey Squinel

Microfus pennsylvanlcus

Kidney

Igdney

Uver

Kidney

Uver

IQdney

Uver

Hearl

0.0 - 0.8

0.0 - 0.8

0.0 - 0.3

0.0

0.0

3.10

1.51

3.67

8.27 - 8.80

USA {New England) Fresh weight
Q

Alberid (2)

White-footed Mouse Peromyscus leucopus

~ u

Musde

Kidney

Uver

0.59 - 1.01

0.43 - 0.56

ND - 9.9

5.5 - 6.7

2.38 - 2./40

2.85 - 4.43

0.81 - 1.35

lgdney 0.21 - 0.30

ND 25.3,
1.40 - 2.57

Canada, {Ontario) ) Tailings and control sites
USA (Pennsylvania) Sewage effluent tlsposal aea

Canada, (Ontario) j TaiTings and control sites
a

USA (Pennsylvania) Sewage sludge treatment area

Cioutisr (16,17)

Anthony {4)

Alberid

Anthony

Cfoutier

Alberid

Anthony



TABLE 15. CONCENTRATIONS OF NICKEL (ijg/g) IN VARIOUS GUIDELINES UTILIZED BY
THE ONTARIO MINISTRY OF THE ENVIRONMENT SINCE 1969

Year Guldellne Site Class Soll Foliage Forage

1969 Phytotoxicology Interpretation
c1978 Phytotoxicology Excessive Guideline
1978 Phytotoxlcology Excessive Guideline

1981 Phylotoxlcology Upper Limit of Normal

1981 Sewage Sludge Guidelines
1991 Phytotoxicology Soll Clean-up Guidelines

1992 Phytotoxicology OTR»

All

All

Rural

Urban
Urban
Rural
Rural

Residential
Industrial

Old Urban Parkland
Rural Parkland

5- 500
100

75
100

60
60
32
200
200
34
38

0.1 - 20
40
20
30
7

5

34
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Figure 1 Nickel concentrations in soil and vegetation in relation to distance from Sudbury



Figure 2 Distribution of nickel in surface soil across Ontario
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Figure 3 Seasonal trends in nickel concentrations in maple and ash foliage, Halton, 1990.
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Figure 4 Seasonal trends in nickel concentrations in aspen and birch foliage, Halton County, 1990



n0

$ .$
1W lI$ 1$$ 17$ 1$4 $$0 $1$ ttt tent t$4 $7$ $$$

SAMPLE DATE (Jul ion)
~TWO-YEAR ~ONE-YEAR ~CURRENT

Figure 5 Seasonal trends in nickel concentrations in spruce foliage, Halton County, 1990
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to whole plants collected at High Falls.
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4.0 SUMMARY OF REPORTED NICKEL CONCENTRATIONS

4.I.O ENVIRONMENTAL LEVELS OR CONCENTRATIONS

4.I. I Air

Medium n Mean (SD)
(ug/m )

Range
(ug/m )

Location Date of
Collection

Comments Reference

Ambient remote:
0.00l

0.0000-0.0008

ND-0.0006
0.0000 I -0.003

Other

Other'ther

7

NA
NA

NA
NA

Boyle and Robinson l988
Department of
Environmental
Medicine l986
NRCC l98I

0

Ambient ruraL

Ambient urban:

0.006
0.0 I

0.025
0.02
0.02

US
Other

0.0006-0.0 I 2

0.0I -O. I

USA

Other
Canada
US
Other

0.0-0.03 Other
0.00 I -0.69 USA
&0.0025-0.0059 UK
0.003-0.03 7

NA

NA

NA

NA

NA
NA
NA
NA

Mastromatteo l986
Department of
Environmental
Medicine l 986
McNamara et al. 198 I

Boyle and Robinson l988
NRCC l98l
Mastromatteo l986
Department of
Environmental
Medicine l986
NRCC I98I
McNamara et al. I98l
MAFF I985
NRCC l98 I

Ambient industrial
area:

up to 3.3
0.07-0.77

Other
Other

NA
NA

Boyle and Robinson l988
NRCC l98I



4.l.l Air cont'd...

Medium Mean (SD) Range
(ug/m ) (ug/m')

Location Date of
Collection

Reference

Ambient industrial
area:
Occupational
environment

5.33

I - I I,B IO
IO- I 000

4-30,000
I-489
38-242

29-336

5.0- I 93

I 4.0- I 34

8.0-298

I 3-3IO
&0.003-0.0 I I

Canada

Canada
Other

Other
Other
7

USA

&I972

NA
NA

NA
NA
NA

NA

NA

NA

NA

NA
NA

Sudbury

hydrometallurgical
operations
electrowinning
townhouses
laterite mining
and smelting:
Oregon
stainless steel
production
high nickel alloy
production
foundry operations
electroplating

McNamara et al. I9$ l

Acres l 982
Department of
Environmental
Medicine l9$6
Mastromatteo l986
NRCC l98I
Sunderman et al. I9$4

Warner l9$4
0

NICKEL METAL AND OXIDES AND SULFIDES:
(area and personal sampling)

-aircraft and parts manufact.
-blacksmithing and welding
shops

0

-copper & alloy rolling,
casting...

I,OOO

IO-I5

20-555

2.0-770

Canada

Canada
Canada

Canada

I989

I989
I989

I989

long term sampling OML l989 unpub.

short term sampling

long term sampling



4.I.2 Soil and Dust

Medium n Mean (SD)
(mg/kg)

Range
(mg/kg)

Location Date of
Collection

Comments Reference

Rural/agricultural

organic soil
sandy soil
loam soil
clay soil
all soils

6
l3
6

40

IO.O
5.6

8

28.6 (32.3)
7.6 (4.9)
I7.9 (IS.I)
27.8 ( I 8.4)
I 5.9 ( I 6.0)

4.7l (I.43)
O. IO (0.07)

I6 (I6)

l9

26
24
2 I.4
&30
XIOOO

0.000 I 3-0.0032'
I-64

I 2.2-35.3
9-2$
7.0- I 3.0

4.0- I 9
6.6- I I9
l.3-34.2
3.0-97.$
8.0-88.0
l.3- I I9)
I-55

600-6,45$

0.003-0.066'-55

2-IOO

Other
Canada

ONT Atwood
ONT Elmira
ONT Elmira
ONT Guelph
ONT Meaford
ONT Ridgetow
ONT Toronto
ONT Waterloo
ONT
ONT
ONT
ONT
ONT
Canada
Canada
Canada
Canada
Canada
Other
Other
Other
Other
USA
USA
Canada
Canada

NA
NA

l989
l988
l989
l989
l989

n l988
I988
l988
NA
NA
NA
NA
NA
NA
l983
l983
I 980- I 98 I

NA
NA
NA
NA
I980
I983
NA
NA

total
available
contaminated

uncontaminated
within I-2 km of
Ni smelters

NRCC I98I
0

OMAF l989
OMAF l989

0

0

0

r

Frank and Suda l976

0

0

NRCC I98I
Frank et al. I987

II

Frank et al. I982
0

NRCC l98I

0

Veneman et al. I983
Gutenmann et al. I982
Bache et al. 198$
NRCC l98l

II

forest Floor.
whole region 78' l (0.8)
fir/spruce 9 7.2 (0.6)
Northern Hardwood I 5 8.5 (2.5)

USA
USA
USA

I978-I980
I978-I980
l978-l980

Friedland et al. I986



4.l.l Air cont'd...

Medium Mean LSD) Range
(ug/m ) (ug/m )

Location Date of
Collection

Reference

-fabricated structural
metal industry
-glass & glass products
manufacturing
-hardware, tool and cutlery
manufacturing
-heating equip. manufact.
-iron and steel mills
-iron foundries
-machine shops
-manufacturers of industrial
chemicals

-metal stamping, pressing
& coating
-pulp and paper mills
-sawmills

-smelting & refining

24,900

440

9.9-225.0

777.4- I,527.2

I.0-2.0
2.0- I 40
I.O- IOO
4.0- I 5 I.O
8.0-29.7

2.0-33.9

I.0-2,375.0
9.0-20
6.3-60.3

0.5-68.7

Canada

Canada

Canada
Canada
Canada
Canada
Canada

Canada
Canada

Canada
Canada
Canada
Canada
Canada

I9$9

l9$9

l989
1989
l989
l989
I989

I989
I989

I989
I989
l9$9
I989
l989

short term personal
sample (blender area
in plant)

long term sampling

" (personal samp.)
" (area sample)

long term sampling

OML l989 unpub.

s

OML l989 unpub.

NICKEL: WATER SOLUBLE COMPOUNDS

-copper & alloy rolling,
casting...
-hardware, tool, cutlery
manufacturers
-metal stamping, pressing
& coating
-plastic fabricators

l.0-7.0

7.0-30.0

6.0-39.0
3.5-35.0

Canada

Canada

Canada
Canada

l989

I989

I989
I989

long term sampling



4.1.2 Soil and Dust cont'd...

Medium Mean (SD) Range
(mg/I g) (mg/I g)

Location Date of
Collection

Comments Reference

Sewage sludge

3.6

156
26

170.$

7-2,160
0.3-32.5

10-26

7-1,500

Canada
Canada

ONT
ONT

Other

USA
USA

USA

NA
NA

1988
1988

NA

1980
1980

1983

solids
liquids

dump area
paper sludge

manure

NRCC 1981
0

OMAF 1989
0

NRCC 1981

Gutenmann et al. 1982

Bache et al. 198$

Soil with applied
sewage sludge

20

IO

61
6

7.9

8.3
3.0

6.2

9-18

7-11

7.8-30
IO- I 2.2

8-26

4 1-7.6
5.0-19
12-17
10-22
5-7
3.6-38.0
7-l3
25-32

220-260
8-II

ONT Cambridge 1988
ONT Cambridge 1989
ONT Cold 1988

Springs
ONT Elmira 1988
ONT Elmira 1989
ONT Cambridge 1989
ONT Haliburton 1988
ONT Hastings 1988

County
ONT Jarvis 1989
ONT Jerseyville 1988
ONT Milverton 1988
ONT Missassauga 1988
ONT Ridgetown 1988
ONT Waterloo 1988
ONT Cambridge l 988
ONT Chesley l988
ONT Clarksburg 1989
ONT Fonthill l 988
ONl'uelph l 988

OMAF 1989



4.1.2 Soil and Dust cont'd...

Medium Mean (SD) Range
(mg/kg) (mg/kg)

Location Date of
Collection

Reference

Pine/Oak
Oak-dominated
W. Pine/Hemlock/

Hardwood
Beech
Spruce

Urban

topsoil

Near industrial/
point sources

8 9.1 (1.5)
2$ 15 ( I. I )

16 $ .5 (2.0)
19
19

26

9
17
8.0

0.017-0.14'9-42

84-3,590
6,000-31,500'SA

USA
1978-1980
1978-1980

USA 1978-1980
West Germany NA
West Germany NA

Other NA
Canada NA

U.K. NA

Canada NA
Other NA
ONT Aylmer 1988
ONT Newmarket 1989
ONT Toronto 1989

paint, gasoline
paint?
near'ead smelter

0

Friedland et al. 1986
0

NRCC 1981
0

McGrath 1986

NRCC 1981
Mastromatteo 1986
OMAF 1989

-native soil
(surface - 2m depth) 52

-over-burden soil
(2-37 m depth) 74

26.5

32.0

USA, Texas NA

USA, Texas NA

samples from a
surface mining
site

Pitt et al.. 1986

-spoil
(randomly mixed soil
Ei, overburden soil - 126 27.7
15-30 cm fr. levelled
spoil)

USA, Texas NA

Deposited dust

20',000-5,000up to 8,000

20-1,300'0-220'ther
Other

Canada
Other
C 'a

NA
NA

NA
NA
NA

NRCC 1981
II

NRCC 1981



4.I3 Sediment

Medium n Mean (SD)
(mg/kg)

Range
(mg/kg)

Location Date of
Collection

Comments Reference

Streams:

ambient
Joe Mill Creek

source-related

Rivers:

ambient

Northeast USA
Southeast USA
Tennessee River
Ohio River
Upper Mississippi
Missouri River
Lour Mississippi
Colorado River
Tennessee River

source-related

Illinois River

Sudbury Rivers

aqueous sediments

65

l2
58 I8
I72 l2
IO l6
22 24
4 II
33 I8
37 l4
l5 4

I02

22-IIO
82-I87
28-75
&28-60

43-76

5. I - I 40
I 2.0-22.0

5-200
7-80
7-39
IO-50
5-20
0- I 20
0-40
0-20
69-27I
20-90
&50-l84
3.0-270
3-34

l3-224

4.5-35.4

Canada
USA
USA
USA

Canada

Canada
Canada
ONT
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Canada
Canada
USA

Canada

USA

&l97I
l974
l974
l974

NA

NA
NA
I988
l977-l979
l977-l979
l977-l979
l977-l979
l977-l979
l977-l979
l977-l979
l977-l979
l974
l974
NA
NA
&I973

&l 975

size fr.: &0,2-2u
size fr.: 2-50u
size fr.: 50-&IOO

London

size fr.: &0.2-$u
size fr.: 5-&IOO

industrial,

municipal wastes
aerial fallout:
Ni smel ters
near coal-fired
power plant

NRCC l98l
McNamara et al. I98l

Mudroch and Clair l986

Allan and Jackson l978
NRCC I98I
OMAF I989
McNamara et al. I98l

II

0

0

0

0

0

1

0

NRCC l98I

Moore and Ramamoorthy
I984

%'ilson et al. I986



4.I.2 Soil and Dust cont'd...

Medium Mean (SD) Range
(mg/kg) (mg/kg)

Location Date of
CoUection

Comments Reference

5.0
4.5

8.6- l4.0 ONT Guelph l 989
ONT OrangeviUe l989
ONT Utopia l 989

OMAF l 989

'/ha/year d not known if sludge was used on these soils

b site of an old orchard where lead arsenate pesticides had been used 'umber of sites sampled; S replicate samples were collected at each site

'g/m'



4.I.4 Rater

Medium n Mean (SD)
(ug/L)

Range
(ug/L)

Location Date of
Collection

Reference

Drinking water.
ambient S

2M

I. I (0.3)
969 4.8
IO

6
200

2.9-7

up to 7$
2.3-I 3.0
I-IO

2-I3

Canada
Canada

USA
USA
USA
Other

UK
Canada

NA
NA

NA
NA Sudbury ONT

&I972 Harford
l969-l970 urban
l972 IO major cities
NA

NRCC l98l
Department of
Environmental
Medicine I 986
McNamara et al. I98l

w

0

Department of
Environmental
Medicine l986
MAFF l9$$
NIOSH l977

source-related

Surface waters:
ambient

ambient and source-related

300
I80

0.3

up to 2,SOO

0.$ -8
&0.07- I.7
&2-6
0.7- I 7

Canada
Other

Canada
Canada
Canada
Other

NA

NA
NA
NA
NA

Sudbury

Arctic

NRCC I9$ I
Department of
Environmental
Medicine l986

NRCC l98l
Havas and Hutchinson l 987
Stokes et al. I98$
Stokes l 988

Northeast USA 3$ 2
II 3I I

North Atlantic 2I8 72

up to 3$
up to I I

up to IOO

USA
USA
USA

l977- l979 in dissolved matter McNamara et al. I98 I
I 977- l 979 in suspended matter
l977- l979 in dissolved matter



4.13 Sediment cont'd...

Medium Mean (SD) Range
(mg/kg) (mg/kg)

Location Date of
Collection

Comments Reference

Deep Lake:
ambient

North Atlantic
Lake Erie
Lake Michigan
Western Gulf
Pacific Northwest
Lake Huron
28 Sudbury Lakes

Lake Superior
Lake Huron

69 29
247 37
22 172
117 14
27 47
6 IS

27

55
59

25-46
1.1-47.0
23-47
1-360
1-290
1-1,200
0.5-6$
4-238
5-23
8-2700

24-70
30-95

Canada
Canada
Canada
USA

'SA

USA
USA
USA
USA
Canada

Canada
Canada

NA
NA
NA
1977-1979
1977-1979
1977-1979
1977- 1979
1977-1979
1977-1979
&1975

&1978
&1978

aerial fallout

natural
natural
natural

Allan and Jackson 1978
NRCC 1981

McNamara et al. 1981
0

W

Moore and Ramamoorthy
1984

source-related

Thompson Lake

6S Sudbury Lakes

185
45

120

60.0-3,000
up to 778
30-85

30-630

Canada
Canada
Canada

Canada

NA
NA
&1981

&1975

na'tufal source
gold mine

aerial fallout
from Ni smelters

NRCC 1981
0

Moore and Ramamoorthy
1984

0

Estuarine systems:
ambient

Oceanic.'mbient 42.52

&5.0-37

21.4-65.3

S. Carolina 1984-86

North Sea NA

Marcus and Mathews 1987

lrion and Muller 1987

mg/I
NA not available

W W W W W W W W



4.1.4 Water cont'd...

Medium Mean (SD) Range
(ug/L) (ug/L)

Location Date of
Collection

Comments Reference

effluent ~aters

79 65
2 100

26 41
31 16
2 29
IO 35

0.12-400

3-240
1-56
5-52
20-81

USA
USA

USA
USA
USA
USA

1978
1979

1977
1978
1977
1979

North Atlantic
0

Southeast

McNamara et al. 1981
0

Groundwater.
ambient

North Atlantic
Southeast USA
Ohio River basin
Lake Erie basin
Upper Mississippi
Missouri River b.
Pacific Northwest
Hudson Bay

2.5
0.62

32 16
Il 29
59 8,443
I 5
192 4
19 8
7 6
25 3

10-40
0-177
5-31,700

0.13-50
1-15
2-21
I - IO

1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979

USA
USA
USA
USA
USA
USA
USA
USA

ONT Guelph 1988
ONT Orangeville 1989

well ~ater
well ~ater
well water
well ~ater
well water
well water
well water
well water
well water
well water

OMAF 1989
0

McNamara et al. 1981

source related 8.0 ONT 198$ well water OMAF 1989

Runoff: up to 25 Arctic Canada NRCC 1981

Wastewater:
municipal

industrial

-meat processing $3
-fat rendering IG

70
28

10-242,000 Canada
14-50 Cities in USA
400,000-6700,000 Los Angeles
60-200

USA
USA

NA
NA
NA

&1975
&197$

Nnagu 1980

Environment Canada 1987

McNamara et al. 198 I
II



4.1.4 Water cont'd...

Medium Mean (SD)
(ug/L)

Range
(ug/L)

Location Date of
Collection

Comments Reference

North Atlantic
Southeast USA

II

Tennessee river
II

Ohio river

Lake Erie
0

Upper Mississippi
II

Lake Michigan

Missouri River

Lower Mississippi
0

Colorado River
,Colorado River
Western Gulf

0

Pacific Northwest
0

18 5
387 69
99 4
107 94

175
127
24
Il
380
193
533
439
193
116
38
35
30
25

14
15
31

3
19
4
ll
3
39
3
4
0.7
4

195 55
23 5
861 8

iL(

up to 22
up to 470
up to 36
up to 100
up toM.
up to 800
up to 26
up to 1,000

up to 83
up to 50
up to 290
up to 7

up to 22
up to 440
up to 50
up to 180
up to 35
up to 1,400
up to 75
up to 16

up to 26

USA
USA
USA
USA

..USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA

1977-1979
1977-1979
1977-1979
1977-1979
l977- 1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979

in
in
lA
in
in
ln
in
in
in
in
in
in
in
in
in
in
in
in
in
ln
in
In
in

suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter

McNamara et al. 1981
0

California river
basin

Great Basin

Lake Huron
II

Lake Superior

80
30 .

261
18
3
3
5

56

ll
3
3
I

0.4

up to 200
up to 50
up to 200
up log
up to 9
up to 3

up to I

USA
USA
USA
USA
USA
USA
USA

1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979
1977-1979

ln
in
in
In
in
in
ln

dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter
suspended matter
dissolved matter

source-related

'uent ~aters 83 44

20-6,000
10-100
12-73
0.15-300

Canada
Sudbury
Other
USA

NA
NA
NA
1977 Northeast

NRCC 1981
Stokes 1988



43.0 LEVELS IN TERRRSI1KIAL AND AQUATIC SPECIES

4.3. I Terrestrial Organisms

Medium n Mean (SD)
(mg(kg dry wt)

Range
(mg/kg dry wt)

Location Date of
CoUection

Comments Reference

Plants:
Bryophytes

Sohaanum sp.
Snhaanum

anaustifolium
Sohaanum fuscum

Hvlocomium solendens

Pleurozium schreberi

Mnium cusnidatum
Srachvihecium

salebrosum
Heteroohvllium

haldananium
Anomodon rostratus
Atrichum anaustatum
Rhacomitrium

lanuainosum

Sohaanum maaellanicum
Pteroaonium Rracile

Liverworts
Lichens

Alectoria niaricans
Alectoria ochroleuca
Cetratia cucul~l
Cetraria delesii
Cetraria islandica
Cetraria Iaeviaata

I80

0.3

I 3.7

6.0

2 I.O

I 05.0

l4.0
3.0
37.0

3.7

2.7
2.6
2.5
2.4
2.7
2.4

& I.6-58

0.2-0.8
0.55-2.22
4.6-5. I

47-336
I.5-9.98

2.7- I0.6

4-47
2.5-4.9

O. I 5-0.7
l.6-3.6
2.2-3.0
l.9-3.5
l.9-4.5
l.8-2.8
2.2-3. I

2. I -3.0

Canada
Canada

I984
&I976

Canada
Other
Canada
Canada
Canada
Other
Canada
Canada
Canada

Canada

NA
NA
NA
& I976
&I976
&I976
& I 976
&I976
&l977

&l977

Canada
Canada
Canada

& l977
&l977
&I977

Canada
Canada
Other
Other
Other
Other

NA
NA
NA
NA
NA
NA

NW Territories NA
NA
NA
NA
NA
NA

acidic ponds
contaminated

contaminated
contaminated
contaminated
contaminated
contaminated
contaminated

contammated

contaminated
contaminated
contaminated

mineralized soil

Havas and Hutchinson l987
NRCC l98l

Boyle and Robinson l988
0

II

NRCC l98l

Soyle and Robinson l988
NRCC l98l
Boyle and Robinson l988

0

8

NRCC I98I



4.2.1 Human fluids, tissues and organs cont'd...

Medium Mean (SD) Range
(ug/L) (ug/L)

Location Date of
Collection

Comments Reference

urine

hair

other tissues

33
30

49.1(65.1)

10.5
6.3
12.0

216 7 (122 4)c
34.5

(17.3)'73.9(412.1)

5,4-222

5-64

Other

Other
?
?
?

Other
Other

NA

NA
NA
NA
NA
NA
NA

NA
NA

-electroplaters
-arc welders
-bench mechanics

Ni exposed
Co exposed

NRCC 1981
NRCC 1981
Acres 1982
Aitio 1984

Sencko et al. 1986
e

NRCC 1981

'g/g of creatinine
Ug/g wet tissue
ug/B
median

~ ug/kg wet weight'g/kg



4.3.1 Terrestrial Organisms...

Medium Mean (SD)
(mg/kg dry wt)

Range
(mg/kg dry wt)

Location Date of
Collection

Reference

Moss
Mushrooms H

R4 31.7(5.8)
&0.01
1.5
1.5

oyster mushrooms
Fungi
Ferns
Vascular plants 18

Ponulus tfemuloides~ rubrum
Setula naovrifera
Ouercus borealis
Pinus resinosa
~ai humilis
Vaccinium anaustifol ium
Mvrica asnlenifolia
Diervilla lonicera
Polvaonum cilinode
Solidaao canadensis
Koilobium anaustifolium
Deschamosia caesoitosa
Deschamnsia flexuosa
Aarostis stolonifera

12-2038'D

7.1-45
4-370
2-100
6-170
6-70
11-40
13-260
7-70
8- I IO
16-30
50-230
4-200
7-110
70-240
3-60
6-130

Canada
Canada
Canada
ONT Hillsburg
Other'ther

Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada

&1975
NA
NA
1989
NA
NA
1984
1976
1976
1976
1976
1976
1976
l976
1976
1976
1976
1976
1976
1976
l976
1976

Source
a

acidic ponds
contaminated

0

NRCC 1981
Rose and Parker 1982

OMAF 1989
Boyle and Robinson 1988

0

Havas and Hutchinson 1987
NRCC 1981

Eauisetum svlvaticum
Pwlvtrichum commun

plants
corn: earleaf

grain
stover
earleaf
earleaf
grain
grain

0.$0

18-450
40-620

0.23-0.54
0.11-0.39
0.14-0.75
0.36
0.66
1.04
0.34

Canada
Canada
ONT
USA
USA
USA
USA
USA
USA
USA

1976
1976
1989
1984-1985
1984-1985
1984-1985
1984
1985
1984
I9$ 5

sludge applied, c
e
sludge applied, c
e

8

0

OMAF 1989
Rappaport et al 1987



4.3. I Terrestrial Organisms...

Medium n Mean (SO) Range
(mg/kg dry wt) (mg/kg dry wt)

Location Date of
Collection

Reference

Cetraria nivalis
Cetraria tilesii
Cladina arbuscula

Cladina ranaiferina
Cladina stellaris
Cladonia amaurocraea
Cornicularia diveraens
Stereocaulon aloinum
Thamnolia subuliformis
Umbilicaria hvoerborea
Cladina arbuscula
Cladina ranaiferina
Cladina stellaris
Cladonia uncialis
Evernia mesomoroha
Usnea sp.
Corticolous lichens
Peltiaera anhthosa
Evernia mesomoroha

2.7
2.4
3.I
45
2.6
2.9
2.7

3.5
2.7
3.6
l.7
l.7
l.9
I.6
48
l9

2.0-4.2
2.2-2.5
2.3-4.5

l.7-3.3
2. I -5.5
2.3-3.0
2.82.4-3. I

2.7-4.2
2. I -3.9
2.5-4.6
l.4-2. I

0.8-2. I

0.6-2.6
I. I -2.0

20-I60
28-86
27-I65

NW Territories NA
0

s
N

1

N

0

0

0

0

0

NA
NA
&I98I
NA
NA
NA
NA
NA
NA
NA

II

0

r

Canada
Canada
Canada
Canada
Canada

NA
NA
NA
&I98 I

&l9BI
&I976
&I976
&l976

New Brunswick NA

contaminated

contaminated
contaminated
contaminated
contaminated
contaminated

NRCC l98I
0

Bromus sp.
0

Orchardgrass
0

Tall I'escue
0

Trefoil
0

0.5
l.6

I.O
4.7

I3.8
I 7.0

I 3.8
I 7.0

USA, PA
USA, PA

USA, PA
USA, PA

USA, PA
USA, PA

USA, PA
USA, PA

I9$3
I9$3

l983
I983

l983
I983

l983
l983

control site
strip-mined site
treated with
sewage sludge
control
0

control

control

Dressier et al. I986
a



43.1 Terrestrial Organisms...

Medium Mean (SD) Range
(mg/kg dry w t) (mg/kg dry wt)

Location Date of
Collection

Comments

leg muscle
liver
liver
heart
heart
feathers
feathers
feathers

cottontail rabbit
(Svlvilaaus floridanus)

-femur
1

-kidney
0

-liver

-muscle
0

0.039'.014'.021'.005'.44'.21'.69'1

68
10 6.5
I I 0.5
10 0.8
I I O.I
IO 0.2
I I 0.5
10 0.9

0.019-0.064'0.005-0.034

&0.005-0.047

&0.009-0.034
0.19-1.0'.16-0.26'.50-0.84'oland

Poland
Poland
Poland
Poland
Poland
Poland
Poland

USA, PA
USA, PA
USA, PA
USA, PA
USA, PA
USA, PA
USA, PA
USA, PA

1980-81
1980-81
1980-81
1980-81
1980-81
1980-81
1980-81
1980-81

1983
1983
1983
1983
1983
1983
1983
1983

-female
-male
-female
-male
-female
-male
-female
-male (oiled birds)

control site
0

control site
0

control

control
0

Safer and Falandysz 1983

Dressier et al. 1986

mammals
Tamiasciurus
hu&onicus

dog

26
26

20

0.6-2.2
2.9-6.3

1.12-1.3

Canada
Sudbury

Canada

1981
1981

NA

pelage
pelage

blood

Lepage and Parker 1988
0

Lugovrski et al. 1987

vvild animals
liver
hair
kidney
muscle

moose, deer
58
46
33
29

0.28 (0.14) ND-0.69
1.76 (0.74) ND-4.0
0.30 (0.16) ND-0.95
0.37 (0.18) ND-0.91

ONT
ONT
ONT
ONT

1987
1987
1987
1987

OMAF 1989



43. I Terrestrial Organisms...

Medium Mean (SD)
(mg/kg dry et)

Range
(mg/kg dry wt)

Location Date of
Collection

Reference

stover
stover
earleaf
earleaf
grain
grain
stover
stover

Gymnosperms
)4
&4

1,32
O. I 8
0.54
0.66
1.34
0.37
1.33
0.18

&0.2-1.8
ND-0.8
61.7-136.0

USA
USA
USA
USA
USA
USA
USA
USA

Other
Canada
Canada

!984
1985
1984
1985
1984
198$
1984
1985

NA
NA
NA

sludge applied, c
e
sludge applied, d
e
sludge applied, d
e
sludge applied d
e

Source

Rappaport et al. 1987

Boyle and Robinson 1988
Rose and Parker 1982

Vertebrates
birds

Clanaula Hvemalis
marine ducks
Larus arRentatus
Bonasa umbellus 10

IO
II
II

long-tailed duck
(Clanaula hvemalis L.)

breast muscle
breast muscle
leg muscle

0.00$

'.019'.025'.05-0.08

0.022-0.04
0.3-17.2
0.2-2.$
&0.005-0.074
0.16-1.00
up to 0.3
ND-15
1.0-20
ND-4.3
I. I -20.1

&0.004 —
0.008'0.004-0.035'0.009-0.035'NT

Rexdale
ONT Rexdale
Other
Other
Other
Other
Great lakes
Canada
Sudbury
Canada
Sudbury

Poland
Poland
Poland

1988
1988
NA
NA
1980-1981
1980-1981
1983
NA
NA
1980
1980

1980-81
1980-81
1980-81

egg yolk
egg vrhite
feathers
bones
tissues
feathers
tissues
tissues
tissues
feathers
feathers

-male
-female
-male

OMAF 1989

Hall and Fisher 198$
0

Szefer and Falandysz 1983
0

Struger et al. 1987
Rose and Parker 1983

Szefer and Falandysz 1983



. 4.3.2 Aquatic Organisms

Medium n Mean (SD)
(mg/kg dry wt)

Range
(mg/kg dry wt)

Location Date of
Collection

Reference

Plants:
Algae

Macrophytes:
Anacharis canadensis
Eauisetum oalustre
Nuohar varieaatum
Potamoaeton sp.
Lemna minor

Vegetation

Invertebrates:
Decapods: Carids

Svstellasois
debilis

Acantheohvra
ourourea

I'enaeids
Seraia robustus
Gennadas valens
Bentheoaennema

intermedia
Mysids

Eucooia
unauiculata

Eucooia
sculoticauda

Euphausiids
Meaanvctiohanes

norveaica
Thvsanonoda

microohthalma
Nematoscelis

meaalons

0.76(0.28)

0.93-1.32

0.73(0.37)

0.57(0.36)

1.15(0.70)

0.88(0.74)

0.80(0.12)

0.57(0.36)

0.91(0.20)

0.1-3
0.2-15.0

18.0-510.0"
8.0-290'-223

ND-6375
5.4-35.1
3.9-4.4

1.66-2.28

Other NA
NA NA

Canada &1975
Canada &1975
Canada &1978
Canada &1979
Canada &1975
ONT Lake Huron 1988

NE Atlantic NA

uncontaminated'ontaminated

contaminated
contaminated

Boyle and Robinson 1988
Jenkins l980

Jenkins 1980
NRCC 1981

0

0

0

OMAF 1988

Ridout et al. 1989



43. l Terrestrial Organisms...

Medium n Mean (SD) Range
(mg/kg dry wt) (mg/kg dry wt)

Location Date of
Collection

Comments Reference

cow:
serum/plasma
whole blood
liver
pancreas
kidney
bone
feces

I lo
l25o
l35o

580o
750o

l 7 44o

lp-6600

?
?
?
?
?
'?

'?

NA
NA
NA
NA
NA
NA
NA

Kasprzak l 987
I

Pig:
serum/plasma
muscle
heart
kidney

mouse:
lung
liver
kidney

turkey:
muscle
liver

20
ISo

35 83o
0.0-20o
0.0-430o
0 3 400o

320-6lpo
2P 62PO

460-520o

NA
NA
NA
NA

NA
NA
NA

NA
NA

Kasprzak l987

Kasprzak l987

Kasprzak l987

a grown on recycled newsprint
b plants exposed to treated shavings
c dry sludge application of 42 Mg ha'

dry sludge application of 84 Mg ha'
one year after sludge application
mg/kg wet weight
ng/g wet weight
strip-mined site treated with sewage sludge



4.3.2 Aquatic Organisms cont'd...

Medium Mean (SD)
(mg/kg dry wt)

Range
(mg/kg dry wt)

Location Date of
Collection

Comments'eference

0

09'ish
tissue

0

fish tissue

brown bullhead

Pike
Rock bass
Walleye
White sucker

524 0.70
8 057
42 2
I IO 0.45
9 O. I I

140 0.2$
I I 0.18
3 3
17 2
8 3
21 I

2 3
142 0.41
140 0.14

Catostomus commersuni

Corenonus clupeaformis
Cvnrinus carnio~ lucius

ggg, masauinonnv~ niRer~ sp.
lctalurus nebulosus
Moxostoma

macroleoidnotum

12.6-16.5a

&0.2'.04-0.28'3.3-27.74

&0.2

0.19-1.3'.1-0.25'3.8-51.6'.5-11.8'2.2-14.5'.09-0.022'p

to 27
up to I

up to 10
up to 8
up to 0.13
up to 0.50
up to 0.43
up to 13
up to 2
up to IO
up to 5
upto5
upto3
up to 0.50
9.5-11.8'3.3-27.7'2.5-31.7'3.S-51.6'2.6-16.5'anada

Other
Canada
Other
Canada
Canada
Other
Other
Canada
Canada

&197$
NA
&1971
NA
NA
NA
NA
NA
NA
NA

Canada NA
Other NA
USA &1980
USA &1980
Ohio River &1980
Ohio River &1980
Upper Mississippi &1980
Lake Michigan &1980
Missouri River «1980
Lower Mississippi &1980
Colorado River &1980
USA &1980
USA &1980
USA &1980
Lake Huron &1980
Lake Superior &1980
ONT Sudbury «197$

Canada &1975
Canada &1975
Canada &1975
Canada &1975

contaminated

contaminated
uncontaminated

contaminated
contaminated

contaminated

Northeast basin
Southeast basin

Western Gulf
California basin
Great Basin

Ni mines
0

Jenkins 1980
Jenkins 1980

McNamara et al. 1981
0

Moore and Ramamoorthy
1984



4.3.2 Aquatic Organisms cont'd...

Medium n Mean (SD) Range
(mg/kg dry wt) (mg/kg dry wt)

Location Date of
Collection

Comments Reference

Nematobrachion
boonis 5

Orconectes virilis 10
II 1 10

0.76(0.66)
0.3-24.4
0.8-921

Canada
Canada

0

NA
NA

control
contaminated

Ridout et al. 1989
Bagatto and Alikhan 1987

0

Lower invertebrates
Crustaceans
Echinoderms
Mollusks

shellfish

0

0

clam (Meretrix)
short-necked clams
Corbicula
Turban shell (Turbo)
Scallop (Pecten)
ear shell (Haliotis)
ark shell (Area)
American oyster
oyster (Crassostrea)
Cella Stearnsii

squid

17 8
32 2
23 3
19 0.71
13 2

0.004

0.014
0.019

1.36'.013

2.0-15.0
0.01-9.8'.0-20.0

0.4-2.0'p

to 35
up to 4
Up 'to 7
up to 3
up to 4
0.001-0.01

&0.001-0.003
0.017-0.063
0.004-0.00$

&1.0-3.6'.003-0.027

0.6-4.3

NA
NA
NA
NA
USA
USA
USA
USA
USA
Japan
Japan
Japan
Japan
Japan
Japan
Japan
S. Carolina
Japan
Japan
Other

NA
NA
NA
NA
&1980
&1980
&1980
&1980
&1980
&1979
&1979
&1979
&1979
& I979
&1979
&1979
1984-86
&1979
&1979
NA

uncontaminated7

Northeast basin
North Atlantic bas.
Western Gulf basin
Pacific Northwest
California basin

estuaries

Jenkins 1980
0

McNamara et al. 1981

Marcus and Mathews 197
McNamara et al. 1981

Jenkins 1980

Vertebrates
Freshwater fish

Acioenser sp.
Ambloolites runestris
Caroiodes cvorinus

0.03'0.2-2.0'2.5-31.7'.15-0.45'AOther
Canada
Other

NA
NA
NA
NA

contaminated

Jenkins 1980



43.2 Aquatic Organisms cont'd...

Medium Mean (SD) Range
(mg/kg dry wt) (mg/kg dry wt)

Location D teor
Collection

Reference

Marine fish
Marine fish tissue

0

Aquatic birds

6
l8
45
2I8

0.5$
I

I

0.70

0.0-4.0'p

to I

up to I$
up to 5
up to 27
0.0 I -0.08'p

to 5.0

NA
Alaska
Hawaii
USA
USA
NA
NA

NA
&I980
&1980
&I980
&I980
NA
NA

uncontaminated7

Pacific Northwest
North Atlantic
uncontaminated?
contaminated

Jenkins l 980
McNamara et al. 19$ l

0

0

Jenkins l 980
0

Osprey
(Pandion haliaetus)

Seal
Northern fur seals:

liver 36

0.28'p
to 9.0

0.4 I I (0.32) 0-3.38

USA

Alaska

I975-$2

NA

l975

contaminated

Wiemeyer et al. I9$7

Jenkins I980

Goldblatt and Anthony
l983

kidney 36
muscle 38
bone 39

Weddell seals (Leotonvchotes
skull
vertebra
thorax
fore limb
hind limb
teeth 0

whole bone
American
crocodile eggs
(Crocodvlus acutus)

0.556 (0.57)
0.530 (0.63)
l.220 (0.27)

weddellii)

O. I 5
0.07

22.04

2.35

O. I 0-2.45
0-3.38
0.47- I.65

0.07-0.23
0.03-0. I I

0.04-0. I 2
0.05-0. I 0
0.05-0.08

Alaska
Alaska
Alaska

Japan
Japan
Japan
Japan
Japan
Japan
Japan

l975
I975
l975

NA
NA
NA
NA
NA
NA
NA

VSA FLA I 972

USA FLA l972

egg shell

albumin-yolk mass

Yamamoto et al. I987

Stoneburner and Kushlan
I 984

a ug/g wet weight



Glossary

JVGZTZPZ: These are releases to the air that are not released
through stacks, vents, ducts, pipes, or nay other
confined air stream.

These are releases to the air that are released through
stacks, vents, ducts, pipes, or nay other confined air
stream.

N'ATER: These are estimtaes of chemicals released to the
receiving streams.

ZNJSCT'ZON These are chemicals that are injected into underground
wells.

These are chemicals that are disposed of at a landfill,
impounded, or disposed of at the facility.

The sum of all releases of the listed chemical to
publicly owned treatment works.

ORE-SZTS Estimates of the aggregate amount of the listed chemical
transferred to the off-site location during the reporting
year.

Sum of all the above releases.

For a specific industrial sector, the percent released of
the chemical compared to the total release from all
industrial sectors.

RECORDS The number of times the chemical has been reported to be
released from an industrial sector [ie: number of sites
releasing this substance].

P. m~ ~g gp[[ ([t[;g))





Staadard Za4ustrial Classification (SIC) Co4es
SXC CODES 20-3%

20 ?ood and Xiadre4 Products
2011 Meat packing plants2013 Sausages and other prepared meat products2015 Poul~ slaughtering and processing2021 Creamery butter
2022 Natural, processed, and imitation cheese2023 Dry, condensed, and evaporated dairy products2024 Ice cream and frozen desserts2026 Fluid milk
2032 Canned specialties2033 Canned fruits, vegetables, preserves, jams and jellies2034 Dried and dehydrated fruits, vegetables, and soup mixes2035 Pickled fruits and vegetables, vegetable sauces andceasonings, and salad dressings2037 Frozen fruits, fruit juices, and vegetables2038 Frozen specialties, n.e.c.+2041 Flour and other grain mill products2043 Cereal breakfast foods2044 Rice milling

2045 Prepared flour mixes and doughs2046 Wet corn milling2047 Dog and cat food2048 Prepared feeds and feed ingredients for animals andfowls, except dogs and cats2051 Bread and other bakery products, except cookies andcrackers
2052 Cookies and crackers2053 Frozen bakery products, except bread2061 Cane sugar, except refining2062 Cane sugar refining2063 Beet sugar
2064 Candy and other con ectionary products2066 Chocolate and cocoa products2067 Chewing gum2068 Salted and roasted nuts and seeds2074 Cottonseed oil mills2075 Soybean oil mills2076 Vegetable oil mills, except corn, cottonseed, andsoybean

2077 Animal and mari~e fats and oils2079 Shortening, table oils, margarine, and other ediblefats and oils, n.e.c.+2082 Malt beverages
2083 Malt
2084 Wines, brandy, and brandy spirits



4i

2085 Distilled and blended liquors
2086 3hottled and canned soft drinks and carbonated vaters
2087 Flavoring extracts and flavoring syrups, n.e.c.+
2091 Canned and cured fish and seafoods
2092 Prepared fresh or frozen fish and seafoods
2095 Roasted coffee
2096 Potato chips, corn chips, and similar snacks
2097 Manufactured ice
2098 Macaroni, spaghetti, vermicelli and noodles
2099 Food preparat 'ns, n.e.c. +

0

Tobacco Products .

2111 Cigarettes
2121 Ciga. s
2131 Chev, ng and smoking tobacco and snuff
2141 Tobacco stemming and redrying
Textile Rill Products
2211 Broadwoven fabric mills, cotton
2221 Broadvoven fabric mills, manmade fiber and silk
4231 Broadvoven fabric mills, vool (including dyeing and

~ 2295 Coated fabrics, not rubberized
2296 Tire cord and fabrics
2297 Nonvoven fabrics
2298 Cordage and twine
2299 Textile goods, n.e.c.+
Apparel and Other Finished Products made from Fabrics and23

Other Similar
.Materials

finishing)
2241 Narrov fabric and other smallvares mills: 'otton,

vool, silk, and manmade fiber
2251 Woman's full length and knee length hosiery, except

socks
2252 Hosiery, n.e.c.+
2253 Knit outerwear mills
2254 Knit underwear and nightvear mills
2257 Weft 3cnit fabric mills
2258 Lace and varp knit fabric mills

. 2259 Knitting mills, n.e.c.+
'2261 Finishers of broadwoven fabrics of cotton
2262 Finishers of broadwoven fabrics of manmade fiber andsilk
2269 Finishers of textiles, n.e.c.+
2273 Carpets and rugs
2281 Yarn spinning mills
22&2 Yarn texturizing, tnrowing, tvisting, and winding mills
2284 Thread mills



2311 Men's and boys'uits, coats, and overcoats2321 Men's and boys'shirts, except vork shirts2322 Men's and boys'nderveaz and nightvare2323 Man's and boys'eckvear
2325 Men's and boys'eparate trousers and slacks2326 Hen's and boys'ork clothing2329 Men's and boys'lothing, n.e.c.+2331 Women's, misses', and juniors'louses and shirts2335 Women', misses', and juniors'resses2337 Women', misses', and juniors'uits, skirts, and coats- 2339 Women's, misses', and juniors', outervear, n.e.c.+2341 Women's, misses', children', and infants'nderwearand nightvear

. 2342 Srassieres, girdles, and allied garments2353 Hats, caps, and millinery2361 Girls', children's and infants'resses, blouses, andshirts
2369 Girls', children's and infants'uterwear, n.e.c.+2371 Fur goods
2381 Dress and vork gloves, except knit and all leather2384 Robes and dressing govns2385 Waterproof outervear
2386 Leather and sheep lined clothing2387 Apparel belts
2389 Apparel and accessories, n.e.c.+2391 Curtains and draperies2392 Houseiurnishings, except curtains and draperies2393 Textile bags
2394 Canvas and related products2395 Pleating, decorative and novelty stitching, and tuckingfor the trade
2396 Automotive t immings, apparel findings, and relatedproducts
2397 Schiffli machine embroideries2399 Fabricated textile products, n.e.c.*

24 Lumber and Mood Products, Except Purniture
2411
2421
2426
2429
2431
2434
2435
2436
2439
2441
2448
2449
2451
2452

Logging
Sawmills and planing mills, generalHardvood dimension and floor'ng millsSpecial product sawmills, n.e.c.+Millvork
Wood kitchen. cabinets
Hardvood veneer and plyvoodSoftvood veneer and plywoodStructural vood members, n.e.c.+Nailed and lock corner vood boxes and shookMood pallets and skids
Mood containers, n.e.c.+Mobile homes
Prefabricated wood buildings and components



2491 Wood preserving
2493 Reconstituted vood products
2499 Wood products, n.e.c.+

25 ?i1?JLiture and Fixtures
2511 Wood household, furniture, except upholstered
2512 Wood household furniture, upholstered
2514 Metal household furniture
251S Mattresses, foundations, and convertible beds
2517 Wood television, radio, phonograph, and seving machine

cabinets
2519 Household furniture, n.e.c.~
2521 Wood office furniture
2522 Office furniture, except vood
2S31 Public building and related furniture
2541 Wood office and store fixtures, partitions, shelving, .

and lockers
2542 Office and store fixtures, partitions, shelving and

lockers, except wood
2591 Drapery hardvare and vindow blinds and shades
2599 Furniture and fixtures, n.e.c.+



26 Paper an4 Allied Products

2611 Pulp mills
. - 2621 Paper mills

2631 Paperboard mills
2652 .Setup paperboard boxes
2653,Corrugated:and solid briber boxes ..
2655 Fiber cans, tubes, drums, and similar products
2656 Sanitary food containers, except folding '-

,-.:.2657-.-Folding papezhoard .boxes, including sanitary
2671 Packaging paper and plastics film, coated and laminated
%672 Coated and laminated paper; a.e.c.+ =.-
2673 Plastics, foil, .and .coated paper hags-
2674 Uncoated paper and multivall bags
2675 Die-cut paper and paperboard and cardboard
2676 Sanitary paper products
2677 Envelopes

27

2678 Stationary tablets, and related products
2679 Converted paper and paperboard products, n.e.c.+
Printing, RSlishing, an4 Allied Zndustzies

2711 Nevspapezs:.. publishing, or publishing and printing
2 l21 Periodicals: . publishing, or publishing and printing
2731 Books: publishing, or publishing and printing
2732 Book printing
2741 Miscellaneous publishing.
2752 Commercial printing, lithographxc—
2754 Commercial printing, gravure
2759 Commercial pzinting, n.e.c.+
2761 Manifold business forms
2771 Greeting cards
2782 Blankbooks, looseleaf binders and devices
2789 Bookbinding and related vork
2791 Typesetting
2796 Platemaking and related services
Chemicals and Allied Products

2812 Alkalies and chlcri-.:e
'4813 Zndustrial gases
2816 Znorganic pigments
2819 Zndustrial inorganic chemicals, n.e.c.*
2821 Plastics materials, synthetic resins, and non-

vulcanixahle elastomers
2822 Synthetic rubber (vulcanizahle elastomers)

- 2823 Cellulosic manmade fibers
2824 Manmade organic fibers, except cellulosic
2833 Medicinal chemicals and botanical products
'2834 Pharmaceutical preparations
2835 Zn vitzo and in vivo diagnostic substances
2836 Biological products, except diagnostic substances



2841 Soap and other detergents, except specialty cleaners
2842 Specialty cleaning, polishing, and sanitation

preparations
2843 Surface active agents, finishing agents, sulfonatedoils, and .assistants

-2844 Perfumes, cosmetics, -and other toilet preparations
~ "2851 Paints, varnishes, 2acquers, enamels, and allied

products .

2861 Gum and vood chemicals ..'
2865 Cyclic organic crudes and intermidiates, and organic

~ dyes .and pigments —. -.. -.

2869 Endustrial. organic chemicals, n.e.c. +
2873 Nitrogenous fertilizers
2874 Phosphatic fertilizers
2875 Fertilizers, mixing only
2879 Pesticides and agricultural chemicals, n.e.c.+

~2891 Adhesives and sealants
.2892 Explosives
4893 Printing ink
2895 Carbon black
0899 Chemicals and chemical preparations, n.e.c.+ .

29 Petroleum Refining and Related Zndustries;. - .

2911 Petroleum refining
2951 Asphalt paving mixtures and blocks
2952 Asphalt felts and coatings
2992 Lubricating oils and greases
2999 Products of petroleum and coal, n.e.c.+

30 Rubber and Liscellaaeous Plastics Products
3011
3021
3052
3053
3061

3069
3081
3082
3083
3084
3085
3086
3087.
3088
3089

Tires and inner tubes
Rubber and plastics footvear
Rubber and plastics hose and belting
Gaskets, packing, and sealing devices
Molded, extruded, and lathecut mechanical rubberproducts
Fabricated rubbe= producu, n.e.c.+
Unsupported plastics film and sheet
Unsupported plastics profile shapes
Laminated plastics plate, sheet, and profile shapesPlastics pipePlastics bottles
Plastics foam products
Custom compounding of. purchased plastics resinsPlastics plumbing fixtures
Plastics products, n.e.c.+

31 Leather and I,cather Products
3111 Leather tanning and finishing



3482
3483
3484
3489
3491
3492
3493
3494
3495

- .-..-- -.3496
3497
3498
3499

Small arms ammunit,ion
Ammunition, except for small arms
Small arms
Ordnance md accessories, h.e.c.»
Zndustrial valves . -"-..
Fluid pover valves and hose fittings
Steel springs, except vire
Valves and pipe fittings, n.e.c.»
Mire springs
Miscellaneous fabricated vire products
Metal foil and leaf
Fabricated pipe and pipe'fittings
Fabricated metal .products ~ h o e s co»

35 Zh4ustrial an4 Commercial MachihezT and Computer Zquipmeht

3511 Steam, gas and hydraulic turbines, and turbine
generator set units

3519 Znternal combustion engines, a.e.c. »
3523 Fazm machinezy and equipment ..
3524 Lavn and garden tractozs and home lavn and garden

equipment
353 1 Construction machinezy. xhd 'equipment
3532 Mining machinery and equipment, except oil and gasfield machinezy.an4 equipment
4533 Oil and gas field machinezy and equipment
3534 Elevators and, moving stairvays
3535 Conveyors and conveying equipment
3536 Overhead traveling cranes, hoists, and monorail systems
3537 Zndustrial trucks, tractors, trailers and stackers
3541 Machine tools, metal cutting types
3542 Machine tools, metal forming types
3543 Zndustrial patterns
3544 Special dies and tools, die sets, jigs and fixtures,

and in4ustrial molds
3545 Cutting tools, machine tool accessories, and

machinists'easuring devices
3546 Pover 4riven handtools
3547 Rolling.mill machinery and equipment
3548 Electric and gas velding and soldering equipment
3549 Metalvorking machinezy, n.e.c.»
3552 Textile machinery
3553 Woodvorking machinery
3554 Paper industries machinery
3555 Pz'inting trades machinery and equipment
3556 Food products machinery
3559 Special industzy machinery, n.e.c.»
3561 Pumps and pumping equipment
3562 Sall and roller hearings
3563 Air and gas compressors
3564 Zndustrial and commercial fans and blovers and air

purification equipment



ears

1.C

es

3565 Packaging equipment
3566 Speed changers, industrial high:speed drives, and g- 3567 Industrial process furnaces and ovens... -.
3565 Mechanical. pover transmission equipment,.'.e.c.~

- 3569 Ceneral industrial machineiy. and equipment, n.e.c.+3571 Xlectronic computers.
3572 Computer storage devices ...3575 Computer Terminals ..--.- -.-. ~

- 3577 Computer Peripheral equipment,;n.e.c.+:."'3578 Calculating an4: accounting machines, except electron
. '3579 Office machines,'. n.e.c'.!-~

3581 lutomatic.vending. machines .- - -'" - --
3582 Commercial laundry, drycleaning,'n& pressing machin3585 Air conditioning and varm air .heating equipment andcommercial and industrial refrigeration equipment3586 Measuring and.dispensing yumps .3S89 Service industry machinery, n.e.c.+3592 Carburetors, pistons, piston rings, and valves3593 Fluid pover cylinders.and-actuators

,, 3594 Fluid pover pumps andwotors..3596 Scales and balances, except laboratory'. -. ~..: 3599 Industrial.and commercial-machinery and. equipment,
oAO ~ 0 Ao goPgto 14 Cl ll ~ ~ '

eeer.r ~ er t e o ~ ~ o'- o0 ' ~ 036 Xlectronic aa4..Other Xlectrical.Xquipmeat and ComponentsXxcept Computer .--„~- „-- Xquipment „.:

3612 Pover, distribution, and specialty transformers3613 Svitchgear and svitchboard apparatus3621 Motors an4 generators
3624 Carbon an4 graphite products3625 Relays and industrial'ontrols
3 629 Electrical industrial appliances, n.e.c. ~3631 Household cooking equipment3632 Household refrigerators and home and farm freeze s3633 Household laundry equipment3634 Elec-rical housevares and fans3635 Household vacuum cleaners
3639 Household appliances, n.e.c.+3641 Electric lampbulbs and tubes3643 Current carrying viring devices3644 Noncurrent carrying viring devices3645 Residential electric lighting Mixtures3646 Commercial,. industrial, and institutional electriclighting fixtures
3647 Vehicular .lighting equipment.. '.3648 Lighting equipment,.n.e.c.+
3651 Household, audio and .vi4eo equipment3652 Phonograph records and pre-recorded audio tapes anddisks
3661 Telephone and telegraph apparatus



3131 Boot and shoe cut stock and findings
3142 House slippers
3143 Men's footvear, except athletic
3144 Nomen's footwear, except athletic
3149 Footvear, except rubber, z.e.c. + .

3151 Leather gloves and mittens
3161 Luggage
3171 Nomen's handbags and purses
3172 Personal leather goods, except vomen's handbags and

pu?ses
3199 Leather goods, n.e.c.+

32 Stoae, Clay, Class and Concrete Products
3211 Flat glass
3221 Glass containers
3229 Pressed -and blown glass and glassware, n.e.c.+
3231 Glass products, made of purchased glass
3241 Cement, hydraulic
3251 Brick and structural clay tile
3253 Ceramic vali and floor tile
3255 Clay refractories
3259 Structural clay products,. n.e.c.+
3261 Vitreous china plumbing fixtures and china and-

earthenvare fittings and bathroom accessories
3262 Vitreous china table and kitchen articles
3263 Fine earthenware (vhitewear) table and kitchen articles
3264 Porcelain electrical supplies
3269 Pottery products, n.e.c.+
3271 Concrete block and brick
3272 Concrete products, except block and brick
3273 Ready mixed concrete
3274 Lime
3275 Gypsum products
3281 Cut stone and stone producw
3291 Abrasive products
3292 Asbestos products
3295 Minerals and earths, ground or otherwise treated
3296 Mineral vool .

3297 Noncliy refract..es
3299 Nonmetallic mineral products, n.e.c.+

33 Primary Metal Zndustzies
3312 Steel vorks, blast furnaces (including coke ovens), androlling mills
3313 Electrometallurgical products, except'steel
3315 Steel viredraving and steel nails and spikes
3316 Cold-rolled steel sheet, strip, and hara
3317 Steel pipe and tubes
3321 Gray and ductile iron foundries
3322 Malleable iron foundries



3324 Steel investment foundries
3325 Steel foundries, n.e.c.+
3331 Primary smelting and refining of copper
3334 Primary yroduction of aluminum
3339 Primaxy smelting and refining of nonferrous metals,except copper and aluminum
3341 Secondary smelting and refining of nonferrous metals3351 Rolling, Craving, and extruding of copper
3353 Aluminum sheet, plate, and foil
3354 Aluminum extruded yroducts
3355 Aluminum rolling.and Craving, n.e.c.+
3356 Rolling, Craving, and extruding of nonferrous metals,except copper and aluminum
3357 Braving and insulating of nonferrous vire
3363 Aluminum die-castings
3364 Nonferrous die-castings, except aluminum
3365 Aluminum founCries '366Copper foundries
3369 Nonferrous founCries, except alum@num and 'copper
3398 Metal heat treating
3399 Pri~e~ metal products,'.e.c.+

$4 Fabricated Metal Troductsg except Machine?f auldTraasportatioa Equipment

3411 Metal cans
3412 Metal shipping barrels, drums, kegs, and yails3421 Cutlery
3423 Hand and edge tools, except machine tools and handsavs3425 Handsaws and sav blades
3429 Hardvare, n.e.c.+
3431 Enameled iron and metal sanitary vare3432 Plumbing fixture fittings and trim
3433 Heating equipment, except electric and varm airfurnaces
3441 Fabricated structural metal
3442 Metal doors, sash, frames, molding, and trim3443 Fabricated plate vork (boiler shops)3444 Sheet metal vork
3446 Architectural and ornamental metal vork
3448 Prefabricated metal buildings and components3449 Miscellaneous structural metal vork
3451 Screv machine products
3452 Solts, nuts,.screvs, rivets, and vashers
3462 Tron and steel .forgings
3463 Nonferrous forgings
3465 Automotive stampings
3468 Crovns and closures
3469 Metal stampings, n.e.c.+
3471 Electroplating, plating, polishing, anodizing anCcoloring
3479 Coating, engraving and allied services, n.e.c.+



3663 Radio and television broadcasting and communications
equipment

3669 Communications equipment, n.e.c.+
3671 Electron tubes
3672 Printed circuit hoards .

3674.Semiconductors and related devices.
3675 Electronic capacitors
3676 Electronic resistors
3677 Electronic coils, transformers and other inductors

.. 3678 Electronic connectors
36I9 Electronic components, n.e.c.+
3691 Storage batteries
3692 Primary batteries, dry and wet
3694 Electric equipment for internal combustion engines
3695 Magnetic and optical recording media
3699 Electrical machinery, equipment, and supplies, n.e.c.~

37 Transportation Equipment

3711
3713
3714
3715

-. 3716
- 3721

3724
3728
3731
3732
3743
3751
3761
3764

3769

3792
3795
3799

Motor vehicles and passenger car bodies .

Truck and hus bodies
Motor vehicle parts and .accessories
Truck trailers
Motor homes ~::
Aircraft
Aircraft engines and engine parts
Aircraft parts and auxiliary equipment, n.e.c.+
Ship building and repairing
Soat building and repairing
Railroad equipment
Motorcycles, bicycles and parts
Guided missiles and space vehicles
Guided missile and space vehicle propulsion units and
propulsion unit parts
Guided missile and space vehicle parts and auxiliary
equipment, n.e.c.+
Travel trailezs and campers
Tanks and tank components
Transportation equipment, n.e.c.+

38 Measuring, Analyzing, and Controlling Znstruments!
Photographic, Me4ical

and Optical Ooo4s; Watches an4 Clocks

3812 Search, detection, navigation, guidancg, aeronautical,
and nautical svs ems and instruments

3821 Laboratory apparatus and furnituze
3822 Automatic controls for regulating zesidential and

commercial environments and appliances
3823 Industrial instruments for measurement, display, and

control of process va iahles; and related products
3824 Totalizing fluid mete s and counting devices



3825 Znstruments for measuring and testing of electricityand electrical signals
3826 Laboratory analytical instruments3827 Optical instruments and lenses3829 Measuring and controlling devices, n.e.c.+3841 Surgical and medical instruments and apparatus3842 Orthopedic, prosthetic, and surgical appliances andsupplies
3843 Dental equipment and supplies
3844 X-ray apparatus and tubes and related irradiationapparatus
3845 Zlectromedicai and electrotherapeutic apparatus3851 Ophthalmic goods
3861 Photographic equipment and supplies3873 Watches, clocks, clockwork operated devices, and parts

39 Xiscellaaeous Manufacturing Zndustries
3911
3914
3915
3931
3942
3944

3949
3951
3952
3953
3955
3961

3965
3991
3993
3995
3996

3999

Jewelry, precious metal
Silverware, plated ware, and stainless steel vareJewelers'indings and materials, and lapidary workMusical instruments
Dolls and stuffed toys
Games, toys and children's vehicles; except dolls andbi cycles
Sporting and athletic goods, n.e.c.+Pens, mechanical pencils, and partsLead pencils, crayons, and artists'aterialsMarking devices
Carbon paper and inked ribbons
Costume jewelry and costume novelties, except preciousmetal
Fasteners, buttons, needles, and pinsBrooms and brushes
Signs and advertising specialtiesBurial caskets
Linoleum, asphalted-felt-base, and other hard surfacefloor coverings, n.e.c.*
Manufacturing industries, n.e.c.+

+"Not elsewhere classified" indicated by "n.e.c."



CHEMICAL ABSTRACTS DATED JANUARY 1991 TO DECEMBER 1991

CHEM AB g AUTHOR JOURNAL ISSUE YEAR ANALYTICAL MEI'HOD DETECTION LIMfl'AMPLE TYPE
IHI$6

2F29

2H69

3H38

3H94

3HI70

4H I 77

Dilli, S. et al.

Lavi, N. ct al.

Zytner, R.G. ct al.

Berndt ~ H. ct al.

Ozcrova, N.L. cl al.

Caper, S.G.

Dabeka, R.W.

1 Chromaiogr

Anaiysr

Jni y Env Suui

Frescnius J Anal Chem

Agrokhimiya

J Assoc 0/Anal Chem

Sci Toi Envr

FEB

JUN

APR

l990 DEDTC, normal/rcversc phase HPLC
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1.0 INTRODUCTION

The present reviev vas undertaken as part of the ongoingassessment of substances on the priority list of the CanadaEnvironmental Protection Act.
Its purpose vas primarily, to determine the extent of Ni andCr contamination of Canadian surface soils and secondarily, toevaluate the advisability of establishing regulatory controls onanthropogenic inputs.
Information vas obtained from various sources: (i) personalcontacts and reading, (ii) previous National Research Council ofCanada revievs of the status of Ni and Cr in the Canadianenvironment (NRC 1976, 1981 and 1985), and (iii) consultation ofback-issues of both the Canadian Journal of Soil Science (1980-1990) and the Report of Activities of the Geological Survey ofCanada (1980-1990).

Because of time constraints this reviev is notcomprehensive. It is thought, hovever, that the informationcollected is sufficient to permit a general assessment of 'thestrong acid-extractable Ni and Cr status of soils in Canada.While it is recognised that results of strong acid leaches do notnecessarily reflect variations in bioavailable metal, most of thedata in the Canadian literature are reported in this form, andfurthermore experience has shovn that vhen differences in strongacid-extractable Ni and Cr levels in soils are large, sympatheticvariations in metal contents of associated biota can be expected(Belanger, 1988; Hutchinson and Whitby, 1974; Temple andBisessar, 1981).

This report is divided into three parts. The first dealsvith natural variations in the Ni and Cr content of Canadiansoils, the second focuses on anthropogenic additions of thesemetals to soils, and the third summarizes the data revieved andpresents conclusions.

2.0

2.1
NATURAL VARIATIONS IN SOIL COMPOSITION

General

Anthropogenic influences on soil composition must beassessed in relation to natural, background, levels of theelements of interest. In this regard J.A. McKeague and hiscolleagues at Agriculture Canada (McKeague et al., 1979) HcKeagueand Wolynetz, 1980) measured total (HF/HNO, /HC10;extractable)metal values in genetic horizons of soils (& 2 mm size-fraction)from 53 videly spaced sites across Canada. They concluded (fromtheir data and reviev of published literature) that the mean and"common range" of values in uncontaminated soil from



unmineralized areas in Canada vere 20 (5-50) ppm Ni and 43 (10-100) ppm Cr. They noted, hovever, that levels of the elementsoutside their "common ranges" are not unusual. Worldvide rangesgiven, for example, by Levinson (1980) - that is 5-500 ppm Ni and5-1000 ppm Cr - might therefore be more representative of theextremes of soil compositions likely to be encountered.

.2.2 Geologic Influences
Like other soil components, natural variations in traceelement content are typically related to changes in soil parentmaterial and/or one or more of the other factors of soilformation (climate, vegetative cover, topography and time).Because most soils in Canada have developed on late Wisconsinglacial sediments, Canadian soils are young (about 11,000 yr old)and hence their composition is strongly dependent on that of theoriginal glacial material. In Canada up to 75% of glacialsediment is till (Scott, 1976) - a mixture of rock, sand, siltand clay eroded and deposited more or less directly by glacialice.
The trace metal composition .of subsurface glacial drift(i.e. till, and to a lesser extent glaciofluvial andglaciolacustrine deposits), has been studied extensively by W.W.Shilts and his co-vorkers at the Geological Survey of Canada(GSC), and by their counterparts in various Provincial governmentdepartments. Although mostly collected for mineral exploration,these data represent a significant source of regional baselineinformation on the trace metal content of soil parent materials.Rencz and Shilts (1980), for example, have used GSC data as thebasis of their reviev of the effects of glacial processes on thedistribution of Ni in Canadian soils. Coker and DILabio (1989)have recently published a comprehensive reviev of Canadian driftprospecting studies. Unfortunately, a complete summary of thisgeologic literature is beyond the scope of the present reviev.Hovever, results of HNO, /HCl-extractable metal analyses from anumber of more or less typical regional drift surveys carried outby GSC personnel are presented ih Table 1.

Comparison of data in Table 1 vith those in the agriculturaland environmental literature is complicated by the fact that onlythe clay size-fraction vas analyzed. In fact as Coker'ndDiLabio (1989) pointed out, most drift prospecting studies focusof the composition of the "fines" — for example, clay (& 2 um),or silt + clay (& 63 um) sized materials — and/or heavy mineral(specific gravity & 3.3 g/cm ) fractions. Ni and Crconcentrations in clay size material are typically higher than in"bulk" soil (B. Shilts, Geological Survey of Canada, pers.comm.), and this is no doubt the explanation of the comparativelyhigh median concentrations reported in Table 1. Nevertheless,since the fine soil fraction is generally the most chemically



active (because of its high surface area), its composition isparticularly relevant to environmental studies (Kettles andShilts, 1989).

Studies such as those cited in Table 1 provide useful dataon background variations in the Ni and Cz content of soils in theareas surveyed. For example, Kettles (1988b) found elevated Crlevels in the clay-fraction of glaciomarine and glaciolacustrinedeposits in the Ottava and Gatineau River valleys, vhlch vereattributed to the presence of local mafic bedrock (Kettles andShilts, 1989). Similarly, Kaszycki and DiLabio (1986), Klassenand Thompson (1990) and Shilts and Smith-(1989) have reportedrelatively high concentrations of Ni and Ci in the fine fractionof tills associated vith the occurrence of mafic and ultramaficrocks. Enhanced metal levels in drift overlying mafic andultramafic rocks are consistent vith the characteristically highNi and Cr contents of these lithologies (Table 2), and attest tothe local origin of at least part of the associated glacialdeposits.

Unfortunately, regional drift survey coverage in Canada as avhole is far from complete. In areas where drift survey data arelacking hovever, it should be possible, as a first approximation,to use information on bedrock geology to predict backgroundvariations in till composition. This is so because, (i) as shovnin Table 2, Ni and Cr are chazacteristically enriched in somerocks and depleted in others, (ii) as noted above, near-surfacetill often includes a significant component of "local" bedrockdebris, and (iii) in Canada veathering processes have not hadsufficient time to substantially alter till composition.Although glacial mixing of rock material from various sourcesvill tend to reduce the compositional extremes in soil relativeto bedrock, in general it vould be expected that tills overlyingmafic or ultzamafic bedrock vill be relatively enriched in Ni andCr, vhereas those associated granitic rock vill normally bedepleted in these elements.
As an illustration of hov this approach could be applied, amap of the island of Nevfoundland has been prepared shoving areasunderlain by mafic and ultramafic intrusive and volcanic rocks,vhere tills are likely to be naturally Ni- and Cz-enriched (Fig.1). Results of studies in other areas (Lahti, 1974; Shilts andSmith, 1989), suggest that Ni and Cr concentrations of up toseveral hundred ppm are likely in the fine fraction of soils inthese metal-enriched regions.
Maps such as that in Fig. 1 must, hovever, be interpretedvith considerable caution. For example, data of Shav et al.(1976) foz rocks of the Canadian Shield, suggest that in someareas mafic and ultramafic rocks contain relatively little Ni andCr, vhereas in other areas in addition to mafic rocks, limestonesand marbles can be enriched in these metals. Also, as Shilts



(1981) has noted, parts of the Canadian Shield and the Atlanticregion are covered by thick deposits of allochthonous glacialtill or glaciolacustrine sediments vhich effectively mask thechemical influence of the underlying bedrock. Thus, vhile oftenapplicable, assumptions of normal rock composition and thepresence of locally derived glacial debris, are not alvaysjustified.
With these cautions in mind, examination of Fig. 1 suggeststhat over 10 0 of the island of Nevfoundland could be covered byrelatively Ni- and Cr-enriched soils. Furthermore, given thedistribution of mafic and ultramafic rocks throughout Canada,local areas of naturally metal-rich soil likely exist in allregions, vith the possible exception of the St Lavrence Lovlandsand southern Interior Plains.

2.3 Pedogenic Influences
Soil is a dynamic open system. Metals are continually beingtaken from deeper soil layers by plant roots, translocated to theupper parts of plants, and eventually incorporated into thesurface soil vith dead plant tissue. Conversely, rain vaterpercolating through the soil transports metals dovnvard, eitherin solution or suspension in association vith clays and/ororganic matter.. In relatively veil drained unperturbed soils theresult is a leached (metal-poor) surface Ae horizon, underlain bya somevhat metal-enriched B horizon. Some of the metaltransported dovnvards is carried through the soil column to thevater table, and is eventually lost to groundvater flov. Theefficiency of these processes vill depend on many factorsincluding the ability of different plant species to absorb andtranslocate the metal, the form of the metal in the soil, . theclay, organic matter and Fe/Mn oxide content of the soil, theacidity of the percolating vaters, and the soil's bufferingcapacity. In part because of its characteristic occurrence insoil as chromite (FeCr,OJ — a mineral vhich is very resistant tochemical breakdovn — the mobility of Cr is normally much loverthan that of Ni in the surface veathering zone (see for exampleShilts and Smith, 1989).

Results of several studies in various parts of Canadasuggest that, in areas remote from obvious sources of pollution,strong acid-extractable Ni and Cr concentrations in organicsurface (Ah and Ap horizon) soils are typically comparable to or,in the case of Ni somevhat belov, and for Cr somevhat higher,than those in associated C horizons (Griffith et al. '984cgMcKeague et al. 1979; Hckeague and Wolynetz, 1980; Hills andZvarich, 1975; Soon and Abboud, 1990; Wall and Marsh, 1988;Whitby et al., 1978). Accumulations of Cr occur in apparentlyunpolluted surface agricultural soil in Manitoba (Mills andZvarich, 1975) and southern Ontario (Wall and Harsh, 1988).



Mills and Zvarich (1975) attributed their findings to metal"cycling... by successive generations of plants".
As expected, Canadian Ae horizon soil is typically depletedby 50% or more for Ni, and 25-30% in the case of Cr, relative toC horizon concentrations (Griffith et al. 1984c; McKeague andWolynetz, 1980). On the other hand, strong acid-extractable Niand Cr levels in B horizons in Canada are normally comparable to,or higher (by up to 50%), than those in underlying C horizons(McKeague et al. 1979; Mcteague and Wolynetz, 1980; Wall andMarsh, 1988; Whitby et al., 1978). According to data of Griffithet al. (1984c), hovever, B horizons of some soils in northeasternOntario are Ni-poor.

3.0

3.1
ANTHROPOGENIC ADDITIONS TO SURFACE SOIL
General

With the exception of agricultural inputs — for example theapplication of sevage sludge or fertilizers - anthropogenicadditions of Ni and Cr to surface soil come mostly fromatmospheric fallout. Principal sources of these metals are coaland oil combustion, steel and iron manufacturing, and metalsmelting (Nriagu and Pacyna, .1988). In Canada, Barrie (1981)estimated that Ni mining and refining contributed about fourtimes as much Ni to the atmosphere in 1975, as the next mostimportant source, petroleum combustion. Unfortunately, thereappears to be no comparable inventory of Cr emissions in Canada.
According to recent estimates, on a global scaleanthropogenic emissions to the atmosphere exceed those fromnatural sources by a factor of about 2.1 for Ni (Nriagu andPacyna, 1988) and 1.4 for Cr (Pacyna and Nriagu, 1988). Thus,even in relatively remote areas it is possible that a significantpercentage of the atmospheric deposition of these metals isanthropogenic. In 1980 the Ontario Ministry of the Environment(OHE), as part of its Acidic Precipitation in Ontario Study(APIOS), established over 300 "baseline soil sites" throughoutthe province (Griffith et al., 1984a). A variety of soilparameters, including HNO,/HClg-extractable Cu, Pb, Zn and Niconcentrations vere measured at each site (Griffith et al.,1984b; Griffith et al., 1984c). These sites are being re-sampledperiodically to monitor temporal changes in the surfaceterrestrial environment caused by acidic atmospheric deposition.Unfortunately, results of the first re-sampling are not yetpublished.

As part of the same APIOS project, Chan et al. (1986)estimated levels of total (vet + dry) atmospheric deposition ofvarious metals at 36 sites throughout Ontario for 1982.Although no data are reported for Cr, results for Ni suggest that



annual additions to surface soils are at present relatively lov(0.60 - 0.80 mg/m* ), even in the southern part of the provincevhere the effects of long range transport of atmosphericpollutants are most severe. If rates of atmospheric fallout forCr are assumed to be similar to those for Ni - as suggested bythe global averages of Nriagu and Pacyna (1988) - it can be shovnthat continued deposition at these rates for say, 100 years,vould result in an increase in the Ni and Cr concentrations inthe top 15 cm of soil of less than 1 ppm (assuming that all ofthe added metal remains vithin 15 cm of the soil surface, and anaverage soil density of 1.3 g/caP ). It is thus consideredunlikely that Canadian soils, remote from obvious local sources,are receiving significant amounts of anthropogenic Ni or Cr.
In the case of Ni, this conclusion is supported by theapparent absence of Ni build-up in the surface (Ap and Ah)horizons of most Canadian soils (see for example McKeague et al.,1979). Strong acid-extractable Cr concentrations in surfaceagricultural soils in some parts of Canada have, on the otherhand, been reported to be some 7 to 15 ppm higher than those inassociated C horizons (Mills and Zvarich, 1975; Wall and Marsh,1988). These accumulations are, hovever, much greater than thosethat vould be expected from "background" atmospheric fallout, andare most likely attributable to biological cycling as suggestedin the preceding Section (2.3).

3.2 Metal Smelting
In Canada base metal smelters are the principal source ofatmospheric Ni emissions. Ni contamination of surface soilassociated vith smelting activities at Sudbury Ontario andThompson Manitoba has been revieved by Hutchinson et al. (1981).As shovn in Fig. 2, strong acid-extractable Ni concentrations insurface forest soils exceed 2000 ppm near smelters in bothcommunities, and fall off to background levels vith increasingdistance from the sources. Soil profile sampling at Sudbury hasrevealed (Fig. 3), as expected, large Ni concentrations insurface soil relative to those in underlying horizons (Hazlett etal., 1984; Hutchinson et al., 1981; Marsh et al., undated).Although Hutchinson et al. (1981) reported elevated Ni levels inforest litter up to 60 km from Sudbury (Fig. 2), recent OMEbaseline soil site data suggest that anomalous Ni concentrations(i.e- & 25 ppmg HNQ /HClg-extractable) occur in surface soil asfar away as 100 km (Griffith et al., 1984c, Marsh et al.,undated). Although no data are given for Cr, analysis of HNO,—extractable metal content, of stack dust collected inelectrostatic precipitators from the INCO smelter at Sudbury(Hutchinson and Havas, 1986) indicate that Cr levels are somewhat,elevated (470 ppm, compared to 10,700 ppm for Ni), and it is thuspossible that surface soils in the immediate Sudbury area arealso mildly Cr-enriched.



Ni build-up in Sudbury area soils is suf f iciently high toraise Ni levels in locally grovn fruits and vegetables (up to 166ppm dry veight in vashed lettuce leaves, according to Hutchinsonet al., 1981), and in native plant species (up to 100 ppm, dryveight, in vashed red maple leaves, according to Hutchinson andWhitby, 1974) vithin about a 40 km radius of the tovn. Also,according to Hutchinson et al. (1981), concentrations of Ni, Cu,Co and Al in soils vithin several kilometres of Sudbury are highenough to be toxic to seedlings. Although toxic effects areenhanced by extremely acid soil conditions (pH range 2.0 — 4.0,according to Hutchinson and Whitby, 1974) resulting from smelterSO, emissions, they persist to a lesser degree vhen soils areneutralised. More recent studies by deCatanzaro and Hutchinson(1985a, 1985b) furthermore suggest that Ni levels as lov as 100ppm, vhich occur in soils up to 50 km from Sudbury, may beinterfering vith nitrogen cycling processes in forest ecosystems.

3.3 Metal Refining
Concentrations in excess of 20,000 ppm "total" Ni — likelyHNQ, /HClQ-extractable (L. Pastorek, Inorganic Trace ContaminantsSection, OME, pers. comm.) — have been reported in surface soilwithin a fev hundred metres of a nickel refinery located in PortColborne, Ontario by Temple and Bisessar (1981). Frank et al.(1982) found somevhat lover levels (up to 6,500 ppm, HNO,—extractable Ni) in organic and mineral soils near this refineryand pointed out that, for a given level of atmospheric Ni input,highest concentrations vill be associated vith organic soilsbecause of their relatively lov densities. As suggested in Fig.4, soil Ni contents fall to background levels vithin a shortdistance (10-20 km) of the refinery (Frank et al., 1982;Hutchinson et al. 1981; Temple and Bisessar, 1981). Cu and Coconcentrations are also elevated in local soils (Hutchinson etal ~ , 1981). Unfortunately, no data have been reported for Cr.

Unlike the case at Sudbury, the pH of Port Colborne soilshas not been artificially reduced by SG, emissions. Because oftheir relatively high pH (typical range 5.6 - 6.7) and organicmatter content (& 40%), the toxicity of many of these metal-enriched soils is less than vould othervise be expected. Templeand Bisessar (1981), for example, noted that overt toxicitysymptoms (attributable to Ni and possibly other metals) areconfined to only a fev relatively susceptible native species andcrops such as oats, lettuce and celery.
As in the Sudbury area, plants groving in Ni-contaminatedsoil vere themselves Ni-enriched. Thus, in a greenhouseexperiment Temple and Bisessar (1981) found 292 ppm Ni dry veightin lettuce leaves grovn on contaminated (7,300 ppm Ni) soil, andonly 11 ppm in leaves from a control soil.



3 ' Urban/Industrial Act ivi ties
Recently the Phytotoxicology Section of the ONEcompiled data on surface soil pollution in "urban", "dovntovn&and "industrial" areas of Toronto and Windsor (R. Pearson,Phytotoxicology Section, OME, pers. comm.). As shovn in Fig. 5,soil in "dovntown" areas in both cities is characterised byhigher average levels of HNO,/HClQ-extractable Ni and Cr thansoil in "urban" areas. This difference is, in part, likely dueto highyr dovntovn traffic volumes. Hutchinson et al. (1981),for example, have cited evidence of Ni build-up in soil close toa Toronto roadway, and Pacyna and Nriagu (1988) have observedthat vear on asbestos-containing vehicle brake linings likelyresults in some release of Cr. Although no industrial areas veresampled in Toronto, in Windsor highest average concentrations ofboth metals occurred in soils associated vith industrialoperations.

According to Ministry of the Environment data, typical Niconcentrations in Windsor soils from "urban" and "dovntovn" areas(range 24 — 26 ppm) are nearly double those of comparable Torontosoils (range 12 — 16 ppm). Although comparison of data iscomplicated by the fact that different sampling procedures vereused in the tvo cities (R. Pearson, Phytotoxicology Section, ONE,pers. comm.), Ni contamination does nevertheless appear to bemore pronounced in the Windsor area. While it is likely thatthis is partly attributable to pollution from Windsor-basedindustries, contributions from industrial sites in the Detroitarea are also probably important (R. Pearson, PhytotoxicologySection, ONE, pers. comm.).

Unfortunately, since local background concentrations verenot measured, it is difficult to estimate the overall magnitudeof anthropogenic metal build-up in these cities. Neverthelessgcomparison vith average values for surface agricultural soil inOntario — 16 ppm Ni and 14 ppm Cr (Frank et al., 1976) — suggeststhat vlmu"phuxic fallout has incxov"od surface soilconcentrations in Windsor by up to 14 ppm Ni and 8 ppm Cr. Innon-industrial areas of Toronto anthropogenic inputs appear tohave raised soil metal levels by only a fev ppm for Ni, but up to14 ppm in the case of Cr. These estimates should, hovever, beinterpreted vith caution since (i) metal concentrations measured
by Frank et al. (1976) in individual soil samples variedsignificantly — ranges 3-46 ppm for Cr, and 1-119 ppm for Niand (ii) Frank et al. (1976) used only an HNO, extraction vhichvould be expected to yield lover results than the HNO, /HCXQattack used in the ONE study.

Interestingly, although Mills and Zvarich (1975) concludedthat there vas "no detectable" Cr and Ni contamination of soilsin Winnipeg, examination of their data reveals that average



HNO, /HClg;extractable Ni and Cr concentrations in agriculturalsoils near urban areas vere, respectively, 8 and 4 ppm higherthan those in rural Manitoba soils. It should be noted, hovevez,that the accuracy of Mills and Zvarich (1975)'s data for Ni hasbeen questioned (Soon and Abboud, 1990).
In addition to automobile traffic, other likely sources ofurban/industrial pollution include combustion of coal and oil,incineration of garbage, and such industrial activities as steeland iron manufactuzing. Unfortunately it vas not possible, viththe data available, to adequately assess the impacts of thesesources individually. According to Hutchinson et al. (1981),hovever, Ni contamination of soil by automobile traffic isrelatively slight, and Ni levels are unlikely to be e'levated insoils near coal- or oil-fired electric generating stations, inpart because contaminants are generally veil dispersed by thesefacilities.

Agricultural Practices
Metals can be added to soils by a variety of agriculturalpractices including application of pesticides, mineralfertilizers, manures and sevage sludges. Nevertheless, surveysof metal levels in agricultural soils in Ontario indicate that,generally, values for Ni and Cr are vithin normal ranges (Franket al., 1976) Hutchinson et al., 1974) Whitby et al., 1978).Frank et al. (1976), for example, found mostly background levelsof HNQ -extractable Ni and Cr (means 16 and 14 ppm, respectively)in about 300 samples of 0-15 cm (Ap horixon) soil collectedthroughout the province. Mills and Zvazich (1975) and Soon andAbboud (1990) likevise reported normal concentrations of theseelements in agricultural soils in Manitoba and Alberta.

There is evidence hovever that sludge application can, insome instances, result in significant local contamination. Fozexample, Frank et al. (in preparation) reported an average build-up of 3-4 ppm Ni and 10 ppm Cr (HNO -extractable) in Ontariosoils vhich had received sevage sludge applications for only 11years (Fig. 6). Webber and Shamless (1987) have similarly foundelevated Ni levels in sludge-treated soils in Ontario. Netaccumulations are, hovevez, typically veil belov the maximumacceptable levels for agricultural soils (32 ppm Ni and 120 ppmCr) in Ontario (Prank et al., in preparation) . In fact, ifguidelines. recently established by the Ontario Ministry of Poodand Agriculture for spreading sludge are folloved, Frank et al.(in preparation) have estimated that it vill take some 45 yearsfor average Ni and Cz levels to build-up to these maximumtolerable limits.
Other agricultural practices are considered less likely to
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result in significant Ni and Cr contamination. Ni and Cr are,for example, not major components of most commonly appliedpesticides (Frank et al., 1976). Furthermore, Hutchinson et al.(1981) cited data indicating that Ni loadings from manureapplications in southwestern Ontario, if pro)ected over- say a 50year period, vould result in an increase of no more than about 3
ppm Ni in the top 15 cm of soil (assuming a soil density of 1.3g/cm* ). Ni additions from phosphate fertilizer applications are,according to the same source, an order of magnitude less thanthose for manure.

SUl90LRY AND CONCLUSIONS

Assessment of Contamination

Results of this review suggest that, in areas remote fromobvious sources of pollution, there is little contamination ofsurface soil with Ni or Cr. According to McKeague et al. (1979),the mean and "common range" of values for strong acid-extractable Ni and Cr in uncontaminated soil from unmineralixedareas in Canada are 20 (5-50) and 43 (10-100) ppm, respectively.This does not mean that concentrations in all uncontaminatedsoils are this low, however. On the island of Newfoundland, forexample, because of the relative abundance of mafic andultramafic bedrock, perhaps 10% of the soils could contain Ni andCr in excess of these "common ranges".
In Canada, Ni contamination 'is particularly severe in soilsaround Ni smelting and refining facilities. Concentrations of upto 12,000 ppm strong acid-extractable Ni have been reported insurface soil near smelters at Sudbury Ontario and ThompsonManitoba, for example. Even higher concentrations (up to 26,000

ppm) of Ni have been found in organic soils near a Ni refinery atPort Colborne Ontario. Depending on the source, concentrationscan remain elevated for only few kilometres (Port Colborne) or asmuch as 100 km (Sudbury) downwind. The toxicity of these build-ups depends upon many factors, including in particular the pH oflocal soils. Because of the acidity of soils in the Sudburydistrict, they are especially sensitive to metal accumulations,and eco-toxic effects, such as disruption of nitrogen cyclingprocesses, are likely as far as 50 km away.

No comparable levels of Cr contamination have been reportedin Canadian soils. Some agricultural soils treated with sludgehave been mildly contaminated with Cr and Ni, but net HNO,—extractable concentrations are typically well below the maximumacceptable levels for sludge-amended soils (32 ppm Ni and 120 ppmCr) established by the Ontario Ministry of Agriculture and Food.Relatively modest Gr and Ni accumulations (up to 15 ppm abovelocal background values) likewise probably occur in most ma9orurban!industrial centres across the county. Although net



concentrations aze usually vithin McKeague et al. (1979)'s"common ranges" for Canadian soil, unlike the case foragricultural soils, there are at present no upper limits on theseaccumulations. In viev of the proven toxicity of these elements,and the fact that contact vith soil can be an important pathvayof metal exposure especially for children, the potential negativeimpacts of these and future Ni and Cr additions to urban soilsshould not be ignored.

4.2 The Need for Regulations
Although time limitations precluded a thorough evaluation ofthis topic, as vas noted in Section 3.5, the Ontario Ministry ofAgriculture and Food have established maximum permissible levelsof Ni and Cz (32 and 120 ppm, respectively) in agricultural soilsin Ontario (Frank et al., in preparation). According to Frank etal. (in preparation) these limits vere set after a reviev of'ozld literature, by multiplying estimates of mean HNO~-extractable metal levels in Ontario agricultural soils by afactor of from 2 to 8, depending upon levels at vhich theelements aze toxic to plants or animals, oz result in elevatedconcentrations in human food or animal feed. It should be noted,hovevez, that the maximum for Ni is vithin the "common range" ofNi contents for uncontaminated soil in Canada (5 — 50 ppm) asreported by McKeague et al. (1979). Thus, vhile Ontario'sregulations may be valid for agricultural soils in that province(vhich have mean HNQ, extractable Ni and Cr contents of 16 and 14ppm respectively — Frank et al., 1976), elsevhere metal contentsof some uncontaminated agricultural soils undoubtedly exceedthese limits. Any attempt to establish national guidelines vouldhave to allov for the presence, locally, of such naturallyenriched areas.

Also, as vas observed in Section 4.1, despite the fact thatNi and Cr contamination in urban/industrial soils are as yetrelatively modest, it vould seem unvise to permit accumulationsto continue indefinitely, particularly in residential areas vhezechildren are likely to be exposed to metal-enriched soils.
Despite evidence of correlation betveen strong acid-extractable soil and plant metal contents noted previously, inviev of the many factors vhlch can influence metalbioavailability, a soil's total (or strong acid-extractable)metal content is, by itself, not an ideal gauge of its metalstatus. An alternative approach might be to apply a veightingfactor to data on strong acid-extractable metal content, vhichvould take into account variations in, for example, soil pH,organic matter, clay and Fe/Mn oxide content, all of vhich areknown to affect metal mobility in soil. Detailed considerationof this topic is, hovevez, beyond the scope of the presentreviev.
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I- INTRODUCTION

Although nickel is one of the most common metals occurringin surface waters (USEPA 1986), it is not generally considered tobe a widespread contaminant (Stokes 1988). Natural backgroundconcentrations of Ni in soils, sediments and water are relativelylow (NRCC 1981) and natural sources of Ni in waters includeweathering from rocks, inflow of particulate matter and precipi-tation (USEPA 1986). However, elevated local or regional inputsof Ni resulting from either natural sources or anthropogenicactivities (such as the burning of coal and other fossil fuelsand mining and smelting activities) can result in high Ni levelsin water, sediments and biota. This is particularly relevant inCanada which is the world's largest producer of nickel (Moore andRamamoorthy 1984)-

While several oxidation states of Ni are known, the diva-lent cation (Ni ) predominates in most natural waters (Callahanet al. 1979, USEPA 1986). Nickel occurs in the aquatic environ-ment as soluble salts, adsorbed onto suspended solids (SS) and inthe form of organic complexes (NRCC 1981, EIFAC 1984). Thesolubility in water of most of the natural salts of nickel,including carbonate, is high (& 1 g/L) and therefore the metalsalt does not precipitate under normal conditions (EIFAC 1984).However, under reducing conditions Ni may precipitate as nickelsulphide (Callahan et al. 1979).
Nickel that is adsorbed to SS or in the form of organiccomplexes also can be removed from solution. Possible mechanismsby which Ni can be associated with solid phases have been summa-rized by Snodgrass (1980). They include 1) adsorption onto finegrained inorganic particles such as clays, 2) adsorption onto, orcoprecipitation with hydrous ferric or manganese oxides (which inturn are sorbed onto clay surfaces), 3) adsorption or complexa-tion with natural organic particles such as detritus, algae,bacteria), 4) association with organic macromolecules such ashumus (which in turn are sorbed to inorganic SS such as clays)and 5) ion exchange with clay colloids.

For biological and toxicological studies the form of Ni inthe aquatic ecosystem is critically important. For example,nickel that is adsorbed onto clays and other kinds of SS mayprecipitate from the water column and/or be 'unavailable'obiota for uptake and subsequent toxicological processes. Thus,an understanding of the processes which might change the form orspecies of Ni in the aquatic ecosystem is germane to understand-ing its distribution and biological behaviour.



II. APPROACH

This report is divided into a 'Results'ection and a'Discussion'. In Part A of the results section, a summary ofactual concentrations of that have been measured in variouscompartments of Canadian waters (i.e. open water, sediments,suspended solids and biota including fish, invertebrates, phyto-plankton and macrophytes) is reported.
In Part B of the results section, a summary of the avail-able literature concerning the toxicity of Ni to both fresh waterand marine biota (with emphasis on Canadian biota) is given.Comprehensive listings of the toxicological data used to generatethis summary are given in Appendix A (fish), Appendix B (inverte-brates), Appendix C (aquatic flora) and Appendix D (Ni mixtures).While every attempt has been made to include all pertinent refer-ences in these appendices, the reader is referred to severalreviews (eg. Phillips and Russo 1978, Taylor et al. 1979, Birgeand Black 1980, Spencer 1980, Richardson et al. 1980, NRCC 1981,Alabaster and Lloyd 1982, Babich and Stotzky 1983d, EIFAC 1984,Moore and Ramamoorthy 1984, Phipps et al. 1984, USEPA 1986, Nance1987, Heath 1987, Stokes 1988, Langston 1990) for summary dataand/or additional information. No attempt has been made tocritically evaluate the literature given in Appendices A throughD, nor has any attempt been made to separate 'Canadian'rom'non-Canadian'pecies.

In reporting the results of toxicity experiments, thedefinitions of Mance (1987) are followed. These are:
Acute toxicity — a lethal response caused by a short exposure toa substance (at most a few days)
Chronic toxicity — deleterious effects (but not excluding fatali-ties) resulting from prolonged exposure to a substance (i.e. morethan a few days)
Sub-lethal — having a deleterious effect but not causing mortali-ty
LC50 — median lethal concentration (i.e. that concentration of asubstance which is calculated to cause mortality of 50% of a testpopulation)

In addition, other expressions used throughout the reportare defined as follows:
EC50 — median effective concentration (i.e. that concentration ofa substance which is calculated to cause an 'effect', such asreduced growth, fecundity etc., to 50% of a test population)
MATC — maximum acceptable toxicant concentration or 'safe'on-centration — the highest concentration that has no adverse ef-fects on growth, reproduction, or survival of a species; general-



ly this is the application factor, AF (0.014 to 0.027) multipliedby the 96-hr LC50 for a species (NRCC 1981)
NOEC — no observed effect concentration or the highest concentra-tion tested which does not elicit a toxic response from the testpopulation
LOEC — lowest observed effect concentration or the lowest concen-tration tested which elicits a toxic response from the testpopulation
TLM — median tolerance limit (which is generally the same asLC50)

S — static bioassay
SR — static bioassay with renewal of test solution at a specifiedinterval
FT — flow-through bioassay

Unless otherwise noted all concentrations are expressed inppm (i.e. mg Ni/L or ug Ni/g) as nickel and not the chemicaltested (eg. NiSO4). Also the classification of hard/soft waterlakes will follow that of Babich and Stotzky (1983d) (i.e. 'soft'
0 to 75 mg CaCO /L, 'moderately hard' 75 to 150 mg CaC03/L,'hard' 150 to 3 0 mg CaC03/L and 'very hard' &300 mgCaC03/L).

In the 'Discussion'ection of the report, the pertinentliterature is evaluated and those questions asked by CEPA areaddressed.

The 'Reference'ection of the report includes only thosereferences specifically cited in the main body of the report(excluding Appendices) while the 'Bibliography'ontains a com-plete listing of all references which have been collected by RODAand which pertain either directly or indirectly to the aquaticbehaviour (eg. toxicity, bioaccumulation, speciation, etc.) ofnickel .

III. RESULTS

A. CONCENTRATIONS OF Ni IN THE CANADIAN ENVIRONMENT

Because Canada is the world's largest producer of Ni(Moore and Ramamoorthy 1984), a plethora of data have been pub-lished concerning concentrations of Ni in Canadian fresh waters,especially in areas known to be impacted by anthropogenic activi-ties. Some of the more recent data are provided in Table 1. Inaddition, several M.Sc. and Ph.D theses (eg. Fitchko 1978, Arts1983), government reports (eg. OMOE 1978, 1982a,b, NRCC 1981) andpublished summaries/reviews (eg. Snodgrass 1980) are availablewhich contain additional Ni data for Canadian waters.



It is evident from Table 1 that concentrations of nickelin natural waters are generally very low with 'background'evelsfor dissolved Ni of less than 0.00 mg/L to less than 20 ug/L (eg.Mudroch 1980, Kauss 1983, Jackson 1988). However, in the Sudburyregion of Ontario, concentrations higher than 1 mg/L have beenreported (eg. Yan and Miller 1984, Hutchinson and Havas 1986).In 1977, nickel levels in raw, treated and distributed drinkingwater supplies across Canada ranged between about 2 and 69 ug/L(highest concentrations were found in Ontario) although medianvalues were typically less than or equal to 2 ug/L (Meranger etal. 1981). Therefore, concentrations of Ni in both surfacewaters and drinking waters often exceed the Canadian water quali-ty guidelines (Canadian Council of Resource and EnvironmentMinisters 1987) for soft waters (i.e. hardness = 0-60 mg CaC03/L)of 25 ug/L.

A selection of Ni concentrations in the sediments ofCanadian lakes is given also in Table 1. The range in Ni levelsis even greater than in surface waters varying by over an ordermagnitude from less 10 ug/g dw in deeper or uncontaminated sedi-ments (eg. Kauss 1983, Miller et al. 1983, Dickman et al. 1990)to over 4000 ug/g dw in contaminated surface or subsurface sedi-ments (Bradley and Morris 1986). Nickel concentration profilesin the sediments (measured from cores) appear to reflect thehistory of Ni contamination in the watershed (eg. Dillon andSmith 1984, Arafat and Nriagu 1986). Unfortunately, comparisonsamong studies are difficult to make because authors don't alwaysreport whether their sediment analyses have been determined on awet weight or a dry weight basis.
Nickel concentrations in aquatic biota are variable anddepend, not surprisingly, on both the organism and the locationfrom which the sample was obtained. In a study of the FrenchRiver, Ni levels in four different tissues of several species offish were as high as 52 ug/g (Hutchinson et al. 1976); however,typical concentrations are generally less than 2 ug/g ww in lakesremote from point source inputs (eg. Uthe and Bligh 1971, Wren etal. 1983, Johnson et al. 1988). On the other hand, concentra-tions of Ni in benthos which feed on contaminated sediments maybe very high. For example, Alikan et al. (1990) and Bagatto andAlikan (1987) report Ni levels of 921 ug/g dw in the gut of thecrayfish, Cambarus bartoni collected from Napahwin/Ramsey Lake inSudbury. However, concentrations in benthos from uncontaminatedlakes are generally quite low (eg. Wren et al. 1983, Krantzbergand Stokes 1990). Again comparisons in fish and invertebratesare difficult to make because data are not always reported on awet/dry weight basis.

Levels of Ni in aquatic flora are also variable withreported concentrations ranging between less than 1 and 1200 ug/gdw (eg. Miller et al. 1983, Jackson 1988).



Table 1: Nickel concentrations in Canadian waters
Reference Compartment Location [Ni]

Alikan et al.
(1990)

Water Sudbury Area Lakes
Napahwin Lake
Joe Lake
Wizard Lake
Sudbury Tap Water

120+5.8 ug/L
12.7+0.61
1.77+0.08
17.5+0.7

Arts (1983) Water Blue Chalk Lake, Nuskoka
(1981)
(1982)
Round Lake, Sudbury
(1981)
(1982)

2
&1

51
55

ug/L

Bodo (1989)

Havas 6 Hutchinson
(1983)

Hutchinson 6 Havas
(1986)

Water

Water

Water

Don River, Ontario
Lakeshore Site
Todmorden Site
45 ponds in
Smoking Hills, N.W.T.

Baby Lake, Sudbury
(1968 ~ 1984)
Alice Lake, Sudbury
(1968 ~ 1984)

1-43 ug/L
15-&44

0.004-6.3 mg/L

3.2 ~ 0.5 mg/L

6.9 ~ 1.4

Jackson (1988) Water Heney Lake and
Plastic, S. Central, Ontario
Niagara River (west shore)
Niagara River (east shore)

&1 ug/L
&1

3
3



Hutchinson et al.
(1976)

Water French, Pickerel & WanapiteiRivers & their watersheds
Wanapitei R.
Wanapitei R. Mouth
Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River
Pickerel River

42

29
32
15
10

3
3
2

ug/L

Kauss (1983)

Keller & Pitbaldo
(1986)

Water
(1.5 m)

Water

Niagara River (3 sites)
(1980)

209 lakes around
Sudbury (1974-1976)

(1981-1983)

&20 ug/L
(average)

5-130 mg/L
-3-110

MacIsaac et al.
(1987)

Mann et al.
. (1988)

Meranger et al.
(1981)

Mudroch (1980)

Water

Water

Drinking
Water

Water

31 lakes in Ontario
(pH & 5.2)
16 lakes in Ontario
(pH & 5.2)

Nordic mine tailings near
Stanrock mine tailings
(near Elliot. Lake Ontario)
Falconbridge mine tailings
INCO mine tailings
71 municipalities
across Canada

Lake St. Clair marsh(1976)

17.8 ug/L

25.9

0.100 mg/L
0.199

2.1-144
1.4 & 37.8

&2.0-69 ug/L

&0.00 mg/L



Mudro~n & Capobianco
(1979)

NRCC (1981)

Sheath et al.
(1982)

Water
(Surface)

Water

Water

S.-Central Ontario Lakes
Wolf Lake
Bend Bay (Moira River)
Moira Lake (5 stations)
Hawkins Bay (Moira River)Stoco Lake (4 stations)
4800 Canadian River
water samples

7 ponds in SmokingHills, N.W.T.

4 ug/L
12

7-24
3

3-4

0.001-0.3 mg/L

0.025-80 mg/L

Stokes (1975a) Water Kelley Lake
Long lake
Organic Lake
Boucher Lake
Richard lake

2.04
0.10
nd *

2 '2
0.20

mg/L

Xan & Lafrance
(1984)

Yan & Miller
(1984)

Water
(Whole-lake
composite)

Water
(Whole-lake
composite)

Sudbury Area Lakes
Middle Lake (1974-79)(after 'base'dditions)
Hannah Lake (1975-1979)(after 'base'dditions)

Sudbury Area lakes
Middle Lake (1974)
Hannah Lake (1973)
Lohi Lake (1973)
Clearwater Lake (1973-79)Labelle Lake (1977)
Nelson Lake (1975)
Mountaintop Lake (1976)

0.396+0.08 mg/L

0.341i0.076

1.068 mg/L
1.085
0.254

0.220-0.289
0.0127
0.0171
0.0122

Muskoka-Haliburton (15) lakes &2 ug/L



Bodo (1989) SS
Don River, Ontario 25-41 ug/gNriagu & Wong

(1986) SS
Opeongo Lake, Algonquin Pk 3lfl0 ug/g dwArafat & Nriagu

(1986)

Bodo (1989)

Sediment
(0-2 cm)
(5-7 cm)

Sediment

Ramsey Lake, Sudbury
(3 stations)

Don River, Ontario
Toronto Harbour

1740-4340 ug/g79-114

6.7,6.3 ug/g
44,29Bradley & Morris

(1986) Sediment
(top 10 cm)

Lakes 10-180 km
Nepahwin Lake
Whitewater Lake
Minnow Lake
Nelson Lake
Ashigami Lake
Vermillion Lake
Fairbank Lake
Kukagami Lake
Tyson Lake
Skeleton Lake

from Sudbury
4490+230 ug/g dw
4390+115
2500+150
444+25
495+75

1080+25
205+25
255+30
300125

17.5+5.3Dickman et al.
(1990)

Hart et al.
(1986)

Sediment
(Ponar/Eckman)

Sediment
(Eckman-
top 2 cm)

Welland River, OntarioSoutheast Side
Centre
[background)

Port Hope Harbour
Turning Basin & West SlipOuter Harbour & ConfluenceGanaraska Station

10-4900 ug/g dw
10-980

10

58 ug/g
5

16



Dillon & Smith
(1984)

Sediment
(5 Cores/lake)
[Maximum]
[Background]
[Maximum]
[Background]
[Maximum]
[Background]
[Maximum]

Sudbury Area Lakes

Clearwater Lake

Hannah Lake

Lohi Lake

Middle Lake

1300-1800 ug/g dw
40-76

4100-5600
72-175

1500-3700
40-92

-3500-8000

Hutchinson et al.
(1976)

Sediment
(0-5 cm)
(interpolated)

French, Pickerel & Wanapitei
Rivers & their watersheds
Wanapitei R.
Wanapitei R. Mouth .

Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River
Pickerel River

375 ug/g
300
110
200
190
100

10
10
15

Jackson (1988)

Kauss (1983)

Miller et al.
(1983)

Sediment
(top 3 cm)

Sediment
(Ponar/Shipek-
top 3 cm)

Sediment

Niagara River (west shore)
Niagara River (east shore)
Georgian Bay (3 sites)
Niagara River
Lower River Stations
Chippawa Channel
Tonawanda Channel

Red Clalk & Harp Lakes
Clearwater Lake

5.0 ug/g
12.3

11.8-33.3

7.2-20 ug/g dw
9-19
6-38

3.7+0.6 ug/g dw
136+44



Morris & Kwain
(1988)

Mudroch (1980)

Mudroch 6 Capobianco
(1979)

Nriagu & Wong
(1986)

Nriagu et al.
(1983)

Oliver (1973)

Wren et al.
(1983)

Hutchinson et, al.
(1976)

Sediment

Sediment
(0-20 cm average)
Sediment
(Surface)

Sediment
(0-4 cm)
(16-20 cm)

Sediment
[surface]
[background]

Sediment
[background]Silt
Medium grain
Sediment
(Eckman grab)
Northern Pike
Yellow Pickerel
Northern Rock bass
Brown Bullhead
Redhorse Sucker
White Sucker

4 lakes in
Turkey Lakes watershed
Lake St. Clair marsh
(7 stations)
Wolf Lake Ontario
Bend Bay (Moira River)Moira Lake (5 stations)
Hawkins Bay (Moira River)Stoco Lake (4 stations)
Opeongo Lake,
Algonquin Park

Hamilton Harbour

Ottawa River
Rideau River

Tadanec Lake, Muskoka

Wanapitei River
(various tissues)

0.8-2.3 mg/g Al

9.2-24.1 ug/g dw

18 ug/g dw
3570

1090-1840
222

60-179

-40 ug/g
-16

-100 ug/g
44

22 ug/g
23
29
10

17-47 ug/g

13.3-27.7 ug/g13.8-51.6
12.5-31.7

9 ~ 5-11 '
12.2-14.5
12.6-16.5



Brad&my & Morris
(1986)

Lake trout
(kidney)

Skeleton Lake
Fairbank Lake
Nelson Lake

&3.0 ug/g dw
&4.0

5.1+0.9
Johnson et al.
(1988)

Northern Pike
Rock bass
Brook Trout
Burbot
White Sucker

Emmett-Bartley

Turkey Lakes
1.5 ug/g vv
1.6
2.4
2.2
2 '

Uthe 6 Bligh (1971) Coregonus
clupeaformis
Esox lucius

Osmerus mordax
Perca flavescens

Moose L., Manitoba
L. Ontario
Moose L., Manitoba
L. St. Pierre
L. Erie
L. Erie
L. Erie

&0.2 ug/g ww
&0.2
&0.2
&0 '
&0.2
&0.2
&0.2

Wren et al.
(1983)

Alikan et al.
(1990)

Pimephales notatus
Osmerus mordax
Micropterus dolomieu
Esox lucius
Salvelinus namaycush

Crayfish
(Cambarus bartoni)

Tadanec Lake, Muskoka

Napahwin Lake
(Hepatopancreas)
(Exoskeleton)
(Gut)

(Viscera)

0.3-0.5 ug/g ww
0.5-1 '
0.7-1 '
0.8-2.1
0.6-1.1

240 ug/g dv
213.5

921
167.5

Alikan et. al.
(1990)

Crayfish
(Cambarus bartoni)

Joe Lake
(Hepatopancreas)
(Exoskeleton)
(Gut)

(Viscera)

0.80 ug/g dv
54

0.33
82



Alikan et al.
(1990)

Alikan et al.
(1990)

Bagatto & Alikan
(1987)

Bagatto & Alikan
(1987)

Hutchinson et al.
(1976)

Crayfish
(Cambarus bartoni)

Crayfish
(Cambarus bartoni)
(whole crayfish)
Crayfish
(Cambarus bartoni)

Crayfish
(Cambarus bartoni)

Crayfish

Wizard Lake
(Hepatopancreas)
(Exoskeleton)
(Gut)

(Viscera)

Napahwin Lake
Joe Lake
Wizard lake

Joe Lake
(Hepatopancreas)
(Exoskeleton)
(Abdominal muscles)
(Gut)
(Viscera)

Wizard Lake
(Hepatopancreas)
(Exoskeleton)
(Abdominal muscles)
(Gut)
(Viscera)

French, Pickerel & WanapiteiRivers & their watersheds
Wanapitei R.
Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River

0.3 ug/g dw
6.9
24.4
16 F 9

155 ug/g dw
34.3

12

0.80 ug/g dw
54

0.0
0.33

82

0.3 ug/g dw
6.9
1 ~ 0

24.4
15.9

39 ug/g
13

5
8ll
9

~8 QS
e

W W M



Bagai o & Alikan
(1987)

Forester (1980)

Hutchinson et al.
(1976)

crayfish
(Orconectes virilis)

Anodonta sp.

Clams

Ramsey Lake
(Hepatopancreas)
(Exoskeleton)
(Abdominal muscles)
(Gut)
(Viscera)

South-central Ontariolakes (1978)

French, Pickerel & WanapiteiRivers & their watersheds
Wanapitei R.
Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River
Pickerel River

240 ug/g dw
213. 5

26 '
921

140.9

1.2+0.7 ug/g ww

ll ug/g
21
29
20
12
16

6
4Wren et al.

(1983)

Environment Canada
(1991)

Krantzberg & Stokes
(1990)

Hart et al.
(1986)

Elliptio
dilitata
Net, plankton
(Ponar/Eckman)
Pontoporeia
Mysis

Chironomid (larvae)

Benthos

Tadanec Lake, Muskoka

Lake Huron (1983)
(North Channel)
Lake Huron (1983)
Lake Huron (1983)

Plastic Lake, Ontario
L240W, Ontario
Port Hope Harbour
Turning Basin & West SlipGanaraska Station

0.6-2.1 ug/g ww

20. 3 ug/g dw

3.0-21.2
1.5-17.5

10 ug/g dw
160

6-77 ug/g
4



Krantzberg
(1985)

Hutchinson et al.
(1986)

Jackson (1988)

Jackson et al.
(1990)

Benthos (larvae)
Benthos (adults)

Zooplankton

Ulothrix

Ulothrix

Muskoka-Haliburton
Wanapitei, Ontario
Muskoka-Haliburton
Wanapitei, Ontario
French, Pickerel & WanapiteiRivers 6 their watersheds
Wanapitei R.
Wanapitei Bay
Hartley Bay
Western Outlet
Maxn Outlet
East Outlet
French River
Pickerel River

Georgian Bay (2 sites)
Lake Huron (summer 1980)Georgian Bay (summer 1980)
N. Channel (summer 1980)

Lake Superior (1983)Site S22
Site S21
Site S12

21.0+19.1 ug/g22.3+24.6
24.4+ 9.0
20.9+10.8

27 ug/g
18
51
17ll

8
3
7

6.5,7.1 ug/g dw
&2 '-5.2

3 ~ 3 1 1
6.2-18.8

1.7-1.8 ug/g dw
2.0

0.9-1.1
Jackson (1988) fringing Cladophora Georgian Bay (3 sites)

Lake Huron (summer 1980)Georgian Bay (summer 1980)
N. Channel (summer 1980)

8.0-9.2
4.2-4.8
4.0-21

20

ug/g dw

Jackson (1988) submerged Cladophora Georgian Bay (3 sites)
Georgian Bay (1980)

13.1-15.8 ug/g dw
8.2-34



Stokes (1975a) Chlorella Kelley Lake
Long lake
Organic Lake
Boucher Lake
Richard lake

1.8-3.3
0.1-0.2
nd-0.03
1.8-2.0
nd~ -0.20

ug/g

Hutchinson et al.
(1976)

Macrophytes French, Pickerel 6 Wanapitei
Rivers & their watersheds
Wanapitei R.
Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River
Pickerel River

5-510
5-365
4-690

13-258
6-153
5-60

18-50
3-39

ug/g

Miller et al.
(1983)

46 lakes in OntarioEleocharis
acicularis
Eriocaulon septangulare
Fontinalis spp.
Sphagnum spp.

5-1200 ug/g dw

6-610
3-1300
3-180

Mudroch (1980) Myriophyllum
heterophyllum
Chara sp.
Nymphaea cordata
Pontederia cordata
Typha latifolia
Lythrum salicaria
Carex lacustris

Lake St. Clair marsh 4.0-10.9 ug/g dw

7.6-15.7
0.8-5.2
1.1-1.8

(1.0-4.7
1.6-6.7
1.0-1 '



Mudroch & Capobianco
(1979)

Mudroch & Capobianco
(1979)

Mudroch & Capobianco
(1979)

Myriophyllum
verticullatum

Nymphaea odoratae

Elodea canadensis

Wolf Lake, Ontario
Bend Bay (Moira River)
Moira Lake (Station 6)
Hawkins Bay (Moira River)
Wolf Lake, Ontario
Bend Bay (Moira River)
Moira Lake (2 stations)
Hawkins Bay (Moira River)
Bend Bay (Moira River)
Moira Lake (Station 6)

18
169

55
35

4
10

20,10
25

72
47

ug/g dw

ug/g dw

ug/g dw

Hutchinson et al.
(1976)

Percy (1983)

Periphyton

Sphagnum
magellanicum

French, Pickerel & Wanapitei
Rivers & their watersheds
Wanapitei R.
Wanapitei Bay
Hartley Bay
Western Outlet
Main Outlet
East Outlet
French River
Pickerel River

61 sites in Maritime
provinces (1979)

'26 ug/g
693
769
342
385

55
34
43

1.51+0.83 ug/g dw

* nd = not detectable by flame atomic absorption spectrometry or other standard method(i.e. exact sensitivity not given)



B. TOXICITY OF NICKEL TO AQUATIC BIOTA

B.1. Fish

A summary of some of the studies which have examined the
toxicity of Ni to fish is provided in Appendix A. In addition
extensive reviews are given by Birge and Black (1980), NRCC
(1981), EIFAC (1984), Moore and Ramamoorthy (1984), USEPA (1986)
and Stokes (1988) .

For salmonid fishes of various ages, and in particular
rainbow trout (Salmo crairdneri), reported 48- or 96-hr LC50
values range between about 10 and 35 mg Ni/L for soft- to moder-
ately-hard waters. Chinook salmon (Oncorhvnchus tshawvtscha)
appear to be considerably less sensitive to Ni with 96-hr LC50s
of about 110 mg Ni/L in fresh water and about 250 mg Ni/L in
brackish water (Hamilton and Buhl 1990). Cyprinids, including
fathead minnows (Pimephales oromelas), goldfish (Carassius aura-
tus) and carp (Cyprinus carpio) are about as sensitive to Ni asare rainbow trout with 96-hr LC50 or TLMs of -5 to 45 mg Ni/L,
depending on the species, the age of the fish and the hardness ofthe water. Pickering and Henderson (1966) demonstrated that
increasing water hardness decreased the toxicity of NiC12 tofathead minnows with 96-hr LC50 values of -43 mg Ni/L at 260 mg
CaCO /L and -5 mg Ni/L at 20 mg CaC03/L. Harder water alsoresu/ted in a lower toxicity to bluegills (Leoomis macrochirus).

The reported LC50 values for other North American fresh
water fishes are about 6 to 46 mg Ni/L (Pickering and Henderson
1966, Rehwoldt et al. 1971, 1972). Pickering and Henderson
(1966) saw no difference in the results from static bioassays (S)versus flow-through bioassays (FT) conducted on fathead minnows
while Rehwoldt et aI. (1971, 1972) saw no effect of temperature(i-e. 17 or 28 C) on the toxicity of Ni to several species offish. Little is known about the relationship between temperature
and Ni toxicity although this subject is clearly of practical
importance with respect to the use of warm water outfalls fromelectrical generating plants (NRCC 1981).

The acute toxicity of Ni to warm water (although notnecessarily Canadian) fishes is quite variable and appears to beless than the toxicity to temperate fishes (see Appendix A).
However, this observation may be an artifact of the test condi-tions used for warm water fishes which were generally carried outin hard waters. Nickel appears to be even less toxic in salinewaters (Eisler and Hennekey 1977, US EPA 1978, Birge and Black
1980) presumably because of competitive interactions with cations
(Moore and Ramamoorthy 1984).

The data available on the chronic/sublethal effects of Ni
on fish have been carried out mostly with Ni exposures greaterthan 1 mg Ni/L. In juvenile or adult Salmo gairdneri, sublethaleffects of Ni at relatively low concentrations involve a decreasein the diffusing capacity of the gill (i.e. the ability to trans-fer oxygen) after 3.5 days exposure to 2 and 3.2 mg Ni/L. Howev-er, recovery to normal diffusing capacity returned within 19 days



after transfer of the fish to clean water (Hughes et al. 1979)-Other effects include a decrease in glucidic metabolism after a 6month exposure to 1 mg Ni/L (Arillo et al. 1982) and a decreasedresistance to elevated temperatures after a 7 to 21 day exposureto &1.5 mg Ni/L (Becker and Nolford 1980). In avoidance responseexperiments, the avoidance threshold (i.e. the first concentra-tion leading to a 504 reduction in residence time at that concen-tration), reported by Giattina et al. (1982) for 3 month oldtrout was only 0.024 mg Ni/L.
Early life stages of salmonids vary in their sensitivityto Ni with newly fertilized eggs being more sensitive than eyedeggs which are in turn more sensitive than larvae (Blaylock andFrank 1979, Nebeker et al. 1985, Stokes 1988). Grande and Ander-sen (1983) obtained 90% mortality of rainbow trout eggs exposedto 1 mg Ni/L but only 20% mortality of sac-fry exposed to thesame concentration. Ni also caused a delay in hatching from 792hours in the control to 1582 hours in the 0.1 mg Ni/L exposure(ibid).
In cyprinids, Pickering (1974) found a reduction in boththe average number of eggs per spawning (i .e. fecundity) and thehatchability of the eggs of fathead minnows exposed to only 0.7mg Ni/L. Similarly a decrease in egg hatchability was observedin carp at concentrations of 6 to 10 mg Ni/L (Blaylock and Frank1979) and 50 mg Ni/L (Kapur and Yadav 1982). The latter studywas carried out in very hard water (360 mg CaCO /L) which mightexplain the apparent insensitivity of the eggs o Ni. An in-crease in the number of abnormal or deformed carp larvae was alsonoted in eggs exposed to Ni (Blaylock and Frank 1979, Kapur andYadav 1982).

Other sublethal/chronic effects of Ni on non-Canadianfishes encompass decreased muscle and liver glycogen levels, in-creased blood lactic acid, blood glucose and mucous secretion anddamage to the testes and ovaries in fish exposed to 64 or 192 mgmg Ni/L for up to 96 hours (Chaudhry 1984, Chaudhry and Nath1985a,b, Nath and Kumar 1988, 1989, 1990) ~

B.2. Invertebrates
A plethora of data have published concerning the acutetoxicity of Ni to invertebrates and in particular crustaceans.Reviews are provided by Birge and Black (1980), NRCC (1981),Moore and Ramamoorthy (1984), USEPA (1986) and Stokes (1988).From Appendix B, it can be seen that the 48-hr LC50 values forwater fleas (i.e. paohnia ~.) range from about 0.5 mg Ni/L(Biesinger and Christensen 1972) to 1.9 mg Ni/L (Baudouin andScoppa 1974) while EC50 values are about an order of magnitudehigher (Khangarot and Ray 1987b, Kuhn et al. 1989). Biesingerand Christensen (1972) found that the condition of the Daphniawas important in determining the toxicity of Ni; animals that hadbeen fed during the exposure were about half as sensitive to Nias those that had not been fed. Scherban (1979) found thathigher temperatures and longer exposures times resulted in highertoxicities of Ni to Daphnia. In Asellus aauaticus, no differencein toxicity was observed between male and female isopods al-



though, similar to fish, juveniles were more sensitive than
adults (Migliori and Nicola Giudici 1990).

The reported LC50 values for fresh water molluscs are
quite variable and range between about 0.2 mg Ni/L for Anodonta
imbecilis (Keller and Zam 1991) and Juaa plicifera (Nebeker etal. 1986) in soft waters to about 40 mg Ni/L for Viviparus benaa-
lensis in hard waters (Guptka et al. 1981). Toxicity therefore
depends on the organism and the hardness of the water. Nebeker
et al. (1986) observed that 96-hr LC50s for several species of
molluscs doubled with a corresponding decrease in water hardness(i.e. from 50 or 60 mg CaCO3/L to 20 mg CaC03/L) while Keller and
Zam (1991) found a moderate increase in toxicity to Anodonta when
they were exposed to Ni in soft rather than moderately hard
water.

In fresh water annelids and insects, acute toxicity compa-
risions are difficult to make because of the range in test organ-
isms and exposure conditions. However, from Appendix B it would
appear that these invertebrates are somewhat less sensitive to Ni
than are crustaceans and molluscs. For all invertebrates, Ni is
one of the least toxic heavy metals (Moore and Ramamoorthy 1984).

Data concerning the acute toxicity of Ni to marine inver-
tebrates are extensive, however, in general LC50 and EC50 values
are higher than in fresh water organisms of similar taxa (Mance
1987). Salinity, therefore modifies the effects of Ni. For
example, a decrease in the toxicity of Ni with increasing salini-
ty was reported by Bryant et al. (1985) (5 to 35 o/oo) and
McLusky and Hagerman (1987) (4.5 to 27 o/oo) for the crustaceans
Coroohium volutator and Praunus flexosus, respectively and by
Bryant et al. (1985) for the bivalve Macoma balthica. Increasingthe temperature from 5 to 15 C resulted in about a 50 to 400%
decrease (depending on the salinity) in the 96-hr LC50 values for

flexosus (McLusky and Hagerman 1987). Less extensive in-
creases in toxicity with increasing temperature were observed byBryant et aE. (1985) for Macoma balthica. Increasing exposure
time decreased the LC50 value for marine invertebrates (eg.Eisler and Hennekey 1977, Ahsanullah 1982).

Exposures of fresh water and/or marine invertebrates to
sublethal/chronic levels of Ni generally result in a reduction in
growth, development or size (eg. Timourian and Watchmaker 1972,
Powlesland and George 1986, Vranken et al. 1988, Munzinger 1990)
and reproductive impairment (eg. Biesinger and Christensen 1972,Petrich and Reish 1979, MacDonald et al. 1988, Munzinger 1990).
In Daphnia maana, some of these effects have been observed at Niconcentrations as low as 0.04 mg Ni/L (Munzinger 1990). This
value is considerably less than the acute toxicity values report-
ed above (i.e. 0.5 to 1.9 mg Ni/L) and also indicates the impor-
tance of conducting longer term toxicity tests when assessing thetolerance of an organism to Ni. The value of 0.04 mg Ni/L is
also within the range of the Ni levels found in several Canadianfresh waters (see Table 1).

Based on the ratio of the mean acute/chronic toxicityratios for three species of aquatic animals and taking water



hardness into consideration, the USEPA (1986) has developed a
fresh water Final Chronic (FC) value for aquatic animals (in
ug/L) where:

(0.8460[in(hardness)] + 1.645)

Thus for a water hardness of 50 mg CaCO3/L, a FC value of 142
ug/L would be obtained. This value may be higher than that
required to protect Danhnia maana in soft waters (USEPA 1986)
such as those located on the Canadian Precambrian Shield.

B.3. Aquatic flora
Data on the aquatic toxicity of Ni to aquatic flora arelisted in Appendix C and reviews have been published by Richard-

son et al. (1980) Spencer (1980), NRCC (1981), Moore and Rama-
moorthy (1984), USEPA (1986), Stokes (1988). While aquatic flora
appear to be among the most sensitive of biota to the effects of
Ni, Ni has been reported to have a stimulatory effect (eg. Hutch-
inson and Czyrska 1975 from NRCC 1981, Devi Prasad and Devi
Prasad 1982) on some species. In 1978, van Baalen and O'Donell
(1978 as cited by Ankel-Fuchs and Thauer 1988 and Stokes 1988)
reported that Ni was an essential element for Oscillatoria ~sisolated from marine mud, but they were unable to specify a
possible metabolic role for the Ni. However, since then Ni has
been shown to be essential in the activity and synthesis of
urease in certain species of duckweed and marine algae (from
Ankel-Fuchs and Thauer 1988).

Most experiments conducted on aquatic flora have been con-
cerned with the effects of Ni on growth or biomass. For fresh
water green algae (Chlorophyta), decreased growth of Scenedesmus,
Pediastrum and Ankistrodemus ~. has been observed at concentra-tions of 0.1 mg/L (Spencer and Greene 1981, Hutchinson 1973)while in Chlorella and Haematococcus ~s ., decreased growth was
reported at concentrations of 0.3 mg Ni/L (Hutchinson 1973). Onthe other hand, Devi Prasad and Devi Prasad (1982) found that
concentrations of O.l to 0.5 mg Ni/L had a slight stimulatoryeffect on the growth of Scenedesmus obliauus, Ankistrodemusfalcatus and Chlorococcum gag. at low light levels. Hutchinsonet a2. (1981) saw no effect on the growth of an acid/metal toler-
ant Chlorella ~s . collected from the Smoking Hills area, N.W.T.at concentrations of 100 mg Ni/L.

In the blue-green alga Anabaena ~s . no growth reduction
was observed for + cvlindrica at a concentration of 0.6 mg Ni/Lbut growth reduction was recorded in + flos-aauae at the sameconcentration (Spencer and Green 1981). On the other hand,
growth of + inaeaualis was significantly reduced at only 0.05 mg
Ni/L (Stratton and Corke 1979a). Stratton and Corke (ibid) also
noted other effects of Ni on the algae including cell lysis at
0.25 mg Ni/L, and decreased photosynthesis and acetylene reduc-tion at 0.5 and 1 mg Ni/L, respectively. Similarly in + dolio-
~um reduced CO~ uptake, nutrient uptake and alkaline phosphataseactivity was o5served by Mallick and Rai (1990) at concentrations
of 0.5 mg Ni/L.



In the aquatic macrophyte, Lemna minor, the geometric mean
of the LOEC and the NOEC was reported to be 0.175 mg Ni/L (with
respect to chlorophyll content) and &0-251 mg Ni/L (with respect
to the number of fronds) by Taraldsen and Norberg-King (1990).
96-hr EC50 values of 0.45 and 0.33 mg Ni/L were determined by
Wang (1986) and Wang (1987), respectively; the latter found that
toxicity was much higher in soft waters (similar to the results
for fish and invertebrates) and that water hardness accounted for
494 of the variability in Ni toxicity.

Marine chrysophytes appear to be more sensitive to the
effects of Ni than are fresh water algae. For example, Tadros et
al. (1990) found that Ni concentrations of 0.006 mg Ni/L signifi-
cantly decreased the growth of many species of diatoms while
moderate growth reduction, in some of the species studied, oc-
curred at concentrations as low as 0.0006 mg Ni/L. Thomas et al.
(1980) and Hollibaugh et al. (1980) reported morphological abnor-
malities and decreased chlorophyll content, respectively in
Thalassiosira aestivalis at levels of 0.06 mg Ni/L.

It is evident therefore, that while Ni is quite toxic to
aquatic flora, tolerances to Ni have been observed in some taxa
(eg. Myslik and Hutchinson 1971, Stokes 1975b, Hutchinson et al.
1981, Stokes 1981, Sheath et al. 1982, Wang and Wood 1984,
Tadros et al. 1990). In addition, toxicity can be influenced by
several abiotic and biotic factors such as water hardness, pH,
temperature and the presence of other metals and organic chela-
tors. These variables will be discussed in sections B.4 and B.5
and also in Part III.

B.4. Microorganisms

Recent evidence would indicate that Ni is an essential
trace element for several species of microbiota. Bacteria re-
quire Ni for the synthesis of Ni hydrogenase(s) (eg. Cammack etal. 1988, Moura et al. 1988), of Ni-containing carbon monoxide
dehydrogenase(s) (eg. Baudet et al. 1988, Diekart 1988), of
methyl-S-coenzyme-M reductase (eg. Bastian et al. 1988, Baudet et
al. 1988, Wackett et al. 1988), of urease and/or for unknown
reasons (Ankel-Fuchs and Thauer 1988). For example, methanobac-
teria require Ni mostly for use in the synthesis of co-factor
F43/ (Diekert et al . 1 981, Bastian et al . 1 988, Pfaltz 1 988 ), a
Nj. tetrapyrrole involved in the conversion of CO2 to methane.

Alternatively, evidence of the toxicity of Ni to microbio-
ta including bacteria and fungi has been well documented (see
review by Babich and Stotzky 1983d). Babich and Stotzky (1982)
reported that incipient growth inhibition (i.e. the concentration
of Ni at which statistically significant growth inhibition oc-
curred) developed at 10 mg Ni/L in fungi and marine eubacteria, 5
mg Ni/L .in non-marine eubacteria and actinomycetes, and 1 mg Ni/L
in yeasts while Nieto et al. (1989) found that complete growth
inhibition occurred at 147 to 587 mg Ni/L in 250 strains of
halophilic eubacteria. In the marine bacterium, Arthrobacter
marinus, a slight effect on the size of the cells was noted at
5.9 mg Ni/L while the formation of megalamorphs attaining the
size of 10 to 15 um occurred at. 23.6 mg Ni/L (Cobet et al. 1970,



1971). In addition, lag phase increased from 3 to greater than
70 hours at 23.6 mg/L and cell division stopped at 29.5 mg Ni/L
(Cobet et al. 1970). On the other hand, in Salmonella testerstrains, no mutagenic activity was observed at a concentration of
587 mg Ni/L (Biggart and Costa 1986).

As important as the direct effect of Ni is as atoxicant/essential element to aquatic microorganisms, is theinfluence of bacteria on the chemical behaviour and subsequenttransfer of Ni through the aquatic food chain. For example,reducing conditions (i.e. negative Eh) in the water may lead tothe microbial conversion of SO to sulphide, S and the subse-
quent precipitation of insoluble Ni2S. On the other hand, Fran-cis and Dodge (1990) found that an anaerobic N2-fixing Clostridi-
um species solubilized Ni that had co-precipitated with geothite
(as FeOOH) by 1) direct action due to enzymatic reduction offerric iron and the release of Ni associated with the iron and 2)indirect action due to Ni products. Hutchinson et al. (1981)found that a yeast contaminant (Crvtococcus) always grew withacid- and metal-tolerant Eualena mutabilis isolated from fumiga-tion ponds in the Smoking Hills, Canada and seemed to enhance itsmetal- and low pH tolerances.

Therefore, many microorganisms have developed efficientand different mechanisms for tolerating Ni and other metals. Inbacteria, genes controlling metal resistance are carried onplasmids (Diels and Mergeay 1989). Trevors et al. (1985) suggestthat plasmid-encoded resistance may provide the organism with I)efflux and bypass mechanisms, 2) enzymes which catalyze the metalto a more volatile form or 3) a mechanism to make the bacterialcell wall impermeable to the Ni. Whatever the mechanism ofresistance, however, the presence of Ni-tolerant strains ofbacteria and fungi is of some importance. For example, Wnorowski
(1991) established a collection of 22 strains of fungi and heter-otrophic bacteria that were capable of removing Ni from 5 mg Ni/Lto levels below 0.5 mg Ni/L. Similarly, Kasan and Baecker (1989)isolated 2 Ni-tolerant bacteria of an activated sludge processtreating coal gasification effluent in a zero-effluent reclama-tion system that effectively biosorbed Ni.

In conclusion, aquatic microorganisms are a key componentin the biogeochemical cycling of -Ni because they serve as thebasis for all food chains, are involved in the incorporation ofenergy by chemo- and photosynthesis, and are the main agents ofwaste reduction in aquatic ecosystems. Thus a knowledge of theresponse of microbiota to and the effects of microbiota on Ni isgermane to understanding its toxicity, bioaccumulation and ulti-mate fate in natural waters.
B.5. Toxicity of Ni mixtures of chemicals

Pollution emissions rarely consist of only one toxicantand so in situ the exposure of aquatic biota to only Ni is rare.While the laboratory studies reviewed in sections B.l to B.4 andsummarized in Appendices A to C are useful in evaluating thetoxic response of aquatic biota to only Ni, their practicality inpredicting responses to stress from a variety of metals or other



pollutants is questionable.
Reviews of the effects of Ni in various mixtures of chemi-

cals are given by NRCC (1981), Alabaster and Lloyd (1982) and
EIFAC (1984) for fish and by Babich and Stotzky (1983d) for algae
and bacteria. A compilation of some of the literature concerning
the toxicity of Ni in mixtures of chemicals to all aquatic biotais listed in Appendix D. The water used for these studies was
either made up synthetically (eg. Reader et al. 1989) or ob-
tained, for example, from lakes contaminated by smelting opera-
tions (eg. Havas and Hutchinson 1982a), from lake sediments or
sediment elutriates (eg. LeGore and DesVoigne 1973, Hoke and
Prater 1980, Laskowski-Hoke and Prater 1984, Malueg et al.
1984a,b, Munawar et al. 1983, 1985, Munawar and Thomas 1989,
Wiederholm and Dave 1989, Jenner and Bowmer 1990), from refineryeffluents (eg. Onwumere and Oladimeji 1990) or from fuel ash (eg.
Cherry et al. 1987).

The toxicity of chemical mixtures is generally defined as
being either synergistic, additive or antagonistic, depending on
the toxicity of the 'mixture'elative to the toxicity of the
individual components within the mixture. Synergistic interac-
tions refer to the enhanced toxicity of one chemical in the
presence of another chemical, due perhaps to the increased perme-ability of the plasma membrane when stressed by several chemicalsin concert (Babich and Stotzky 1983d) and/or the intrinsic affin-
ity of an individual chemical for binding sites (Verma et al.
1982). On the other hand, antagonistic interactions refer to the
protective effect of one pollutant on the toxicity of a secondpollutant. This may be a consequence of competition between the
two chemicals for sites on the cell surface (Verma et al. 1982,
Babich and Stotzky 1983d). Additive interactions are neither
synergistic nor antagonistic.

The diversity in the exposure conditions including thetest organisms and Ni mixtures employed, as well as the observed
responses by the biota to these conditions makes it is impossibleto summarize concisely the literature presented in Appendix D.It is evident that. specific Ni-chemical combinations may produce
a variety of responses in different organisms. For example,
while the interaction between Ni and Cr was additive in guppies,
(Khangarot and Ray 1990), rainbow trout (Alabaster and Lloyd
1982) and the ciliate protozoan, Colioidium camovlum (Dive et al.
1989), it was synergistic in the copepod Tisbe holothuriae
(Verriopoulos and Dimas 1988) and both synergistic and antagonis-tic (depending on the relative concentrations of Ni and Cr) in
the fish Mvstus vittatus (Verma et al. 1982).

Similarly, in fishes the Ni + Cu interaction was additiveto Poecilia reticulata (Anderson and Weber 1976), synergistic toLebistes reticulatus (Khangarot et al. 1981), and synergistic or
antagonistic (depending again on the relative concentrations of
Ni and Cu) to Mvstus vittatus (Verma et al. 1982). However, in
both the copepod Tisbe holothuriae (Verriopoulos and Dimas 1988)
and in several species of aquatic flora (Myslik and Hutchinson
1971) including the green algae Scenedesmus ~s . (Stokes 1975a),
Haematococcus capensis and Chlorella vulcraris (Hutchinson 1973),



Ni + Cu was synergistic.
Furthermore, the results of interaction experiments con-

ducted with 2 or more pollutants will also depend on the toxic
response being measured. Stratton and Corke (1979b) found that
in Anabaena inaeaualis, Ni + Hg interacted both synergistically
and antagonistically (with respect to growth and acetylene reduc-
tion) but was additive with respect. to photosynthesis. The
interaction among Ni + Hg + Cd was equally complex and resulted
in antagonism with respect to growth and synergism with respect
to photosynthesis and acetylene reduction. Similar to the re-
sults of Verma et al. (1982), the interaction was dependent on
the relative concentrations of the metals.

The order in which the biota are exposed to the toxicants
also will affect the observed response. Verma et al. (1982)
found that a Cr + Ni exposure resulted in a synergistic effect on
Mvstus vittatus but that a Ni + Cr exposure resulted in an antag-
onistic response. Similarly, the effect of Hg + Ni on the
growth of the cyanobacterium, Anabaena inaeaualis was synergistic
when both Hg and Ni were added together or when Hg was added
first, but it was antagonistic when Ni was added before the Hg
(Stratton and Corke 1979b).

In conclusion, the plethora of responses by aquatic biota to
Ni-mixtures, would indicate that this is an area that requires
further study, especially since in situ organisms are exposed
simultaneously to a wide variety of pollutants. Therefore, the
results of tests involving single species and single toxicant
responses may be inappropriate for assessing actual conditions.
The apparent importance of the relative concentrations of the
toxicants, the sequence of exposure to them and the number of
toxicants present explains some of the variability in the data.
However, at this time it is impossible to predict the effects of
all the possible combinations of Ni-mixtures under all condi-
tions. Consequently, while the methods may be imperfect it is
often necessary to rely on the results of single-species single-
pollutant toxicity tests.



IV. DISCUSSION

A. Introduction

It is evident from the results section above that the
effects of Ni on aquatic biota are influenced by both abiotic and
biotic factors. Physiochemical environmental factors such as pH

and Eh, and the presence of inorganic ions, organic materials,
clay minerals and hydrous metal oxides, will influence the bioa-
vailability of Ni and consequently its toxicity as will the type
of organism, its age, size and habitat. Furthermore, temperature
and the presence of other metal and organic pollutants also can
have an impact on the apparent toxicity of Ni.

An excellent review of the effects of environmental fac-
tors on the speciation and toxicity of heavy metals to.microbiota
is provided by Babich and Stotzky (1983d) and much of their
discourse can be applied to other aquatic biota. A brief discus-
sion of some of the geochemical and physical factors affecting Ni

toxicity will be addressed here. However, because pH can be
directly affected by anthropogenic activities, it will be dis-
cussed in greater detail.

B, Environmental factors affecting toxicity

B.l. pH

While the solubility and ionic speciation of Ni are not
directlv pH dependent (Havas and Hutchinson 1982a, Campbell and
Stokes 1985, Stokes et al. 1985, Mcdonald et aZ. 1989), numerous
studies have demonstrated that pH can influence the toxicity of
Ni to aquatic biota (eg. Michnowicz and Weaks 1984, Wang and Wood

1984). pH can affect the physiological response of the organism
(eg. McDonald et al. 1989), including biological sensitivity at
the cell surface (Campbell and Stokes 1985) or reduction of
membrane permeability (Kapur and Yadiv 1982). Krantzberg and
Stokes (1988) found that surface adsorption of Ni by chironomid
larvae was lower at pH = 4.4 and 6.1 than at pH = 5.1 — 5.5,
suggesting an optimal pH for adsorption and/or that surface
adsorption may be suppressed at low pH. Krantzberg (1985) sug-
gests that under extreme acid conditions (i.e. pH = 4.4), H may

actually inhibit the uptake of Ni by benthic invertebrates.

Alternatively, pH can affect the extent of complexing of
Ni to organic and inorganic constituents of the water, and thus
affect its availability and subsequent toxicity to aquatic biota.
It has been observed that as pH increases the concentration of Ni

in the water column decreases (eg. Havas and Hutchinson 1983,
Stokes 1984, Likens 1989). For example, Havas and Hutchinson
(1982a) found that the Ni concentration of water from fumigation
ponds in the Smoking Hills, decreased as the pH was raised exper-
imentally from 3 to 4 (no change) to 8. They suggest that the
decrease in Ni levels in the water was a result of co-precipita-
tion. Similarly, Yan and Lafrance (1984) reported a decrease in
Ni concentrations in Hannah and Middle Lakes (Sudbury, Ontario)
following treatment with base and nutrients, resulting in a
subsequent increase in lakewater pH from 4.3 to -7 and 4.4 to



-6.5, respectively. On the other hand, Mosello et al. (1989)
found no effect of increasing pH (i.e. from 4.0-4.4 to 6.8-7.6)
on Ni concentrations in Lake Orta, Italy.

The increase in Ni levels in water as a result of decreas-
ing pH can result from reduced deposition of Ni to the sediments
and/or release of Ni from the sediments (Likens 1989, Dillon and
Smith 1984). The fact that decreasing pH can lead to reduced
sedimentation of Ni is evident from mass balance studies. While
Ni retention in circum-neutral lakes (i.e. pH = 6.3 to 7.1) has
been reported to be 48 to 68% (Nriagu and Wong 1986, Dillon et
al. 1988), in two acidic lakes located in Sudbury, Dillon et al.
(1988) calculated that there was no net retention of Ni. In fact,
there was a net release of Ni from these lakes (i.e. negative
retention).

Thus, evidence for the release of Ni from sediments in
response to acidification or changing redox potential is avail-
able although the reported 'threshold'H for the release is
variable. Arafat and Nriagu (1986) found that under oxic condi-
tions Ni release from contaminated Ramsey Lake sediments in-
creased exponentially below a threshold value of about 4. Adams
and Sanders (1984) reported that release of Ni from experimental
sludges increased as the pH of the water decreased below a
threshold value of about 6.3. On the other hand, Brezonik et al.
(1990) saw no apparent net release of Ni from Little Rock Lake,
Wisconsin sediments when the water was acidified to pH 5.6.

While, information on Ni distribution and speciation in
sediments and porewater is lacking (Salomons et al. 1987), Ni
appears to be associated with the finer silt particles and/or low
molecular weight fractions (Eriksen et al. 1989). In addition,
correlations with organic carbon content have been reported (eg.
Mudroch 1980, Wren et al. 1983, Pardo et al. 1990). Other stud-
ies have shown that much of the Ni in contaminated sediments is
bound to organic matter, sulphides and/or hydrous oxides of Fe
and Mn (eg. Mudroch and Capobianco 1979, Arafat and Nriagu 1986,
Ayaji and VanLoon 1989, Brezonik et a1. 1990, Pardo et al. 1990,
Sager et al. 1990) while in uncontaminated sediments a substan-tial fraction can be associated with the residual (i.e. lithoge-
nous) phase (Lacerda et al. 1990). The relative distribution
among these fractions is dependent on the pH/Eh conditions of the
water and sediments, the total Ni concentration and the extrac-
tion procedure used.

B.2. Eh

The Eh (oxidation-reduction or redox potential) is an
important factor in determining the relative concentrations and
bioavailability of Ni in both sediments and water. Yousef et al.
(1990) found that at pH 5.0, Ni release from the sediments of de-
tention/retention ponds in Florida receiving highway runoff was
increased from 4 to 6: as redox potential changed from -100 to
500 mV. Furthermore, as mentioned previously, reducing condi-
tions, such as those encountered in the anaerobic hypolimnia ofstratified lakes, may lead to the microbial conversion of sul-
phate to sulphide with the subsequent precipitaion of NiS. The



formation of insoluble NiS greatly reduces the bioavailability of
Ni to pelagic biota and thus reduces its potential for uptake and
toxic repsonse.

B.3. Inorganic ions

Both the inorganic cationic and anionic composition of the
water will influence the toxicity of Ni to aquatic biota. In-
creasing concentrations of Mg, in particular, have been shown to
decrease the toxicity of Ni to fungi (Babich and Stotzky 1983b)
and to green algae (Wood 1987). Apparently competitive interac-
tion for sites and/or exchange of Ni for Mg occurs on the outer
cell membrane and thus mediates toxicity. For example, Bordons
and Jofre (1987) observed exchange of Ni for Mg in the outer
membrane of Pseudomonas. On the other hand, Ni is probably
transported into aquatic biota including algae (Wood 1987),
bacteria (Nies and Silver 1989) and invertebrates (Timourian and
Watchmaker 1972) by the ATP-mediated Mg transport system.

The type and amount of inorganic anions also may influence
Ni toxicity in aquatic systems. As already mentioned, under
reducing conditions S forms insoluble NiS, thereby reducing the
bioavailability of Ni to pelagic biota. Similarly, P04 may
reduce toxicity, possibly as a result of precipitation of phos-
phate-containing salts (Babich and Stotzky 1983a). Alternative-
ly, the presence of phosphate may influence the condition of the
biota and thus affect toxicity. For example, Skaar et al. (1974)
found that in the diatom Phaeodactvlum tricornutum, uptake of Ni
was dependent on the metabolic state of the alga such that phos-
phate-starved cells had a lower Ni-binding capacity.

Water hardness has a similar effect on toxicity with lower
toxicity observed in harder waters for all aquatic taxa including
fish (Pickering and Henderson 1966, Spry et al. 1981), inverte-
brates (eg. Nebeker et al. 1986, Mance 1987, Keller and Zam
1991), flora (eg. Wang 1987) and microbiota (eg. Babich and
Stotzky 1983c). In fact, the Canadian water quality guidelines
for Ni vary as a function of water hardness (Canadian Council of
Energy and Resource Ministers 1987). The ameliorating effect of
water hardness, with respect to CaCO& appears to be due to the
anion C03 rather than the cation Ca component of the hardness
(Babich and Stotzky 1983d, Alikan et al. 1990).

B.4. Clay minerals, hydrous metal oxides and organics

At the pH of most natural aquatic systems, clay minerals,
montmorillonite and kaolinite, possess negatively charged sur-
faces to which cations are adsorbed. These cations are not
permanently bound to the clays but rather they are constantly
being exchanged by other cations such as Ni. The sorption of Ni
to clay minerals is thus dependent on various abiotic factors
such as pH and the concentration of competing cations (such as Ca
or Mg).

Amorphous hydrous oxides of Al, Fe or Mn are also capable
of exchanging Ni and thereby decreasing their potential for
uptake by aquatic biota. However, as with clays, the adsorption



of Ni to these compounds is dependent on several abiotic factors,including pH.

Similarly, organic matter both in soluble and particulate
form can greatly affect Ni speciation, bioavailability and toxic-ity. Supposedly, the higher the organic complexing ability ofthe water, the lower will be the toxicity (Chau and Mong 1976).
Organic ligands with oxygen, nitrogen and sulphur donor atoms
form strong complexes with Ni while humic acid (HA) and fulvicacid (FA) form moderately strong complexes (Moore and Ramamoorthy
1984). Ratios of FA:Ni greater than 2 favour the formation ofsoluble Ni-FA compounds while at lower ratios, Ni tends to forminsoluble complexes between pH 8 and 9 (Moore and Ramamoorthy
1984).

Recently, Nimmo et al. (1989) found that, as much as 31-41%of the Ni in seawater collected from Liverpool Bay (Irish Sea)occurred as stable (non-labile) organic compounds. Concentra-tions of the 'free'labile) Ni ion and of the metal-organic
complexes could be calculated from the CSV- (cathodic strippingvoltammetry) labile and total dissolved concentrations. Munawaret al. (1985) found that toxicity of Detroit River sedimentelutriates was related to the water soluble fraction (labile) andnot the total metal concentration of the sediment. From thesetwo studies it is apparent that, toxicity values should not bebased on total water or bulk sediment concentrations becausemisleading results might arise.

Similarly, Stokes (1981) and Spencer and Nichols (1983)found that EDTA or NTA reduced the toxicity of Ni to Scenedesmusspecies (see Appendix C). In other words, growth was inverselycorrelated with the 'free'i and not the total Ni concentrationin the water. Likewise, Muramoto (1983) found that the presenceof EDTA and NTA greatly reduced the accumulation of NiCl andNiS04 to carp (see Appendix D) although toxicity was unaffected.
They therefore suggest that Ni can pass through the gills asmetal complexans. NiCl was found to be more toxic than NiSO4.

C. Bioaccumulation

The fact that aquatic biota can accumulate Ni from thewater and sediments is not disputed and a review is given byJenkins (1980) In aquatic macrophytes, Dietz (1973) reportedbioconcentration factors (i.e. the equilibrium ratio between theconcentration of Ni in the organism and the concentration in thewater) of 120 to 550 for four species of spermatophytes and 770and 1500 for 2 bryophytes collected from the Ruhr River, Germanyalthough BCFs (i.e. bioconcentration factors) as high as 100,000have been reported by Kovacs et al. (1985) for macrophytes locat-ed in Lake Balaton, Hungary. Mosses appear to accumulate greateramounts of Ni than do vascular plants (Dietz 1973, Miller et al.1983).

In laboratory studies Janauer (1985) measured BCFs (aftera 14 day exposure to 0.1 mg Ni/L) of -500 to 1000 /dw in macro-phytes obtained from Austrian rivers. Similarly, Muramoto andOki (1984) and Muramoto e0 al. (1989) found that BCFs in water



hyacinths were about 200 to 7,600 (depending on the exposure
concentration and the 'age'f the plant,) with greater accumula-tion occurring in the roots than in the shoots. Others havereported higher accumulation in the roots of different species of
macrophytes collected for example, from Lake Balaton, Hungary
(Kovacs et al. 1985) and from Harp and Red Chalk Lakes, Ontario(Miller et al. 1983).

Relatively high BCF values have been observed in acid- andmetal-tolerant flora. Hutchinson et al. (1976) reported BCFs of
11,430 for aquatic vegetation collected from the Wanapitei River,Ontario (see Table 1) while Mann et a2. (1988) found that, in
Sudbury, unicellular algae had BCFs of 10,000 to 100,000/dw. Onthe other hand, algae collected from uncontaminated lakes also
may have high BCFs (eg. Jackson 1988) because Ni concentrationsin these waters are low and/or because all of the Ni in the wateris in an 'available'orm (for example in soft, non-colouredwaters or those with low concentrations of SS). For example,
Wang and Wood (1984) found that, uptake of Ni by blue-green andgreen algae was a function of pH with maximum BCF values occur-ring at about pH 8. However, Chlamvdomonas showed highest uptakeat pH 6, reflecting the unusual glycoprotein structure of thecell wall. Similar results were obtained later by Wood (1987).

Other reported BCFs for Ni in aquatic flora include valuesof 6,000 for algae collected from the Susquehanna River, New York(McDuffie et a2. 1976), 630 to 1300/dw for Cladophora glomeratain the Roding River, England (McHardy and George 1985), 200 to1100/dw for Ulothrix zonata in Lake Superior (Jackson et a2.1990). In marine algae, very large BCF values of 68,000 and46,000 were obtained by Foster (1976) for the brown algae Fucusvesiculosus and Ascoohvllum nodosum, respectively retrieved fromDulas Bay, Great Britain. While a correlation between the con-centration of Ni in the sediments and the concentration of Ni inaquatic macrophytes has been found (eg. Mudroch and Capobianco1979), macrophyte/sediment or algal/sediment BCFs are generallyabout one or less than 1 (eg. Hutchinson et al. 1976, Roth andHornung 1977, Mudroch and Capobianco 1979, Jackson 1988).
Reported concentration factors for benthos/sediment alsoare about one or less than one (eg. Brooks and Rumsby 1965,Mathis and Cummings 1973, Hutchinson et al. 1976, Wren et al.1983, Rule 1985, Byrne and DeLeon 1986, Hart et al. 1986, Eriksenet al. 1989) despite the fact. that like algae and macrophytes,benthic and pelagic invertebrates can accumulate Ni in concentra-tions significantly greater than in the water (eg. Hutchinson etal. 1976, Forester 1980, Krantzberg 1985). Eriksen eC al. (1989)found that most of the Ni in extracts from the cytosolic pool ofpolychaetes was associated with low molecular weight (&4000daltons) components. In marine invertebrates, Brooks and Rumsby(1965) found that, BCFs were 12,000/dw for scallops, 4,000/dw foroysters and 14,000/dw for mussels collected from Tasman Bay, NewZealand while Anil and Wagh (1987) measured BCF values of 5,300to 28,370/dw in barnacles collected off the west coast of India.In fresh water invertebrates, Forester (1980) reported literature

BCFs for unionacean clams of 450 to 6300 which is comparable tothe actual measured values of 260 to 1050 (clams), 643 (zooplank-



ton), 929 (benthos) and 5500 (tubificids) determined by Mathis
and Cummings (1973) in the Illinois River and Hutchinson et al-
(1976) in the Wanapitei River.

Bioconcentration factors for fish appear to be lower thanthose reported for invertebrates and algae and macrophytes. For
example in situ, Hutchinson et al. (1976) measured BCF values of
only 226 in omnivorous fish and 329 in carnivorous fish collected
from the Wanapitei River, Ontario (compared to BCFs of -11,000for vegetation, -10,000 for periphyton and 260 to 930 for inver-tebrates). Unlike other metals such as chromium, there does not
appear to be a relation between Ni levels and fish length, weightor age (eg. Tong et al. 1974, Anderson 1981, Wren et al. 1983).

There seems to be no evidence of biomagnification of Nithrough the food chain (Moore and Ramamoorthy 1984, Stokes 1988)in either marine (eg. Roth and Hornung 1977, Kulikova et al.
1985, Vos and Hovens 1986) or fresh water (eg. Mathis and Cum-
mings 1973, Stokes 1975a, Wren et al. 1983, Watras et al. 1985)ecosystems. Although the potential for magnification existsbecause of high concentrations in algae and macrophytes, animals
appear to be able to regulate the nickel content of their tissues
(Darmono 1990), either by controlled uptake or by increasedefflux, resulting in lower concentrations than in the microbiota
on which they feed (Stokes 1988). However, when algae and macro-phytes senesce and die, the detritus produced is a main foodsource for fungi and bacteria and may provide a mechanism bywhich Ni can enter the food chain (Mudroch 1980).

Nott and Nicolaidou (1989) have proposed a hypothesis toexplain the lack of biomagnification in marine gastropods and theanimals that eat them. They suggest that metals such as Niinduce the formation of MgP04 in intracellular mineralized gran-ules in the digestive gland as a source of metal-binding ions.Excess Mg is displaced from the PO4 granules by the Ni and isaccumulated by carbonate granules fn the interstitial region ofthe digestive gland. However, the intracellular Ni is stored ina form that makes it unavailable to an animal that eats thetissue. Thus, while there is uptake of Ni by the gastropod,transfer to its predators results in bioreduction.
In laboratory experiments, Tjalve et al. (1988) obtained

BCFs in Salmo trutta of -3 after 1 week exposure and 7 to 8 after
3 weeks exposure to 0.1 or 10 ug Ni/L. There was no saturationof uptake in the 10 ug Ni/L as opposed to the 0.1 ug Ni/L expo-sure. In rainbow trout (Salmo aairdneri), Anderson (1981) foundthat the Ni concentration in the tissues after exposure to 6 mgNi/L followed the order gills & lower gastrointestinal (GI) tract
& kidney & blood & upper GZ tract & spleen & liver & eye & oper-cle & gall bladder and bile & brain & muscle. Similarly, Cala-mari et al. (1982) found that Ni concentrations followed theorder kidney & liver & muscle after 30 to 180 day exposures to 1
mg Ni/L. However in catfish, Clarias batrachus, exposure to 5 to30 mg Ni/L for 4 or 30 days resulted in tissue concentrationswhich followed the rank kidneys & liver & gills & intestine (Rayet al. 1990).



Zn si tu, Hutchinson et al. (1976) and Bradley and Morris
(1986) reported that Ni was accumulated preferentially in the
kidneys of several species of fish (including lake trout) which
had been collected from contaminated lakes and rivers in Ontario.
On the other hand, Dallinger and Kautzky (1985) found highest
concentrations of Ni in the gills and guts of rainbow trout
collected from 2 rivers in Italy. Onwumere and Oladimeji (1990)
found that metal concentrations as a whole decreased when the
gills, liver and kidneys of the Nigerian fish, Oreochromis nilot-
icus were removed. In the marine tilefish, Lopholatilus gg. Ni
was accumulated preferentially in the gonads, kidneys and heart
as opposed to the muscle and liver (Steimle et al. 1990) while in
in the cod (Gadus morhua), Ni concentrations followed the order
gills » pyloric caeca & liver = intestine = gonads & muscle &

residue & stomach and gullet & kidney = heart = spleen = gall
bladder (non detectable).

While generalizations concerning the tissue distribution
of Ni in fish are difficult to make because there is no general
consensus concerning the tissues to be analysed or the species to
be studied, nickel which is accumulated appears to be fairly
mobile. For example, rainbow trout placed into 'clean'ater
lost 59 to 75t (EIFAC 1984) and 31 to 38t (Calamari et al. 1982)
of accumulated Ni after 90 days (depending on the tissue analy-
sed) while brown trout (Salmo trutta) lost about 60% of accumu-
lated Ni after only 21 days (Tjalve et al. 1988). Nickel concen-
trations in the gills decreased rapidly relative to whole-fish
levels (ibid), suggesting that redistribution of Ni within the
fish tissues may be occurring.

Similar to fish, depuration of Ni in invertebrates appears
to be quite rapid. For example the biological half-life of Ni in
marine oysters (Crassostrea ~s .) was reported to be about 1
month by Paez-Osuna and Marmolejo-Rivas (1990) and only 0.65 or
1.25 weeks (depending on the exposure concentration) by Zaroogian
and Johnson (1984). Also similar to fish, concentrations of Ni
in various tissues change as a function of time and/or the Ni
concentration in the water, for example in fresh water crayfish,
Cambarus bartoni (Alikan and Zia 1989, Zia and Alikan 1989,
Alikan et al. 1990) and Daohnia magna (Hall 1978, 1982), in Hvdra
~s . (Santiago-Fandino 1983) and in marine banana prawns (Darmono
1990) and the marine bivalves, Cerastoderma edule, Mvtilus edulis
and Crassostrea virainica (Wilson 1983, Zaroogian and Johnson
1984). Ni concentrations in invertebrates also can vary season-
ally (eg. Nicolaidou and Nott, 1990, Paez-Osuna and Marmolejo-
Rivas 1990).

In laboratory experiments, highest concentrations of Ni
were found in the gills, hepatopancreas, alimentary canal and/or
gut and lowest levels were found in the viscera of crayfish
exposed to Ni for 1 to 4 weeks (Alikan and Zia 1989, Zia and
Alikan 1989, Alikan et al. 1990). Similar results were obtained
by Darmono (1990) who found that uptake of Ni was 17 to 66 times
faster (depending on the exposure concentration) in the hepato-
pancreas than in the muscle of banana prawns. However iz situ,
Ni concentrations in the marine crustacean, Mesidothea entomon
followed the order, armour abdomen & muscle & gills & residue &



alimentary tract & hepatopancreas & reproductive system. In the
marine mollusc gya arenaria, concentrations in the mantle &

syphon & gills & aductor muscle and foot & digestive gland &

residue & gonads (Szefer et al. 1990) while in Cerastoderma
edule, levels in the gill & mantle and viscera & adductor muscle
& foot (Wilson 1983). Thus, as with fish, generalizations con-
cerning the tissue distribution of Ni in invertebrates can not be
made because of the range in both exposure conditions (eg. field
or experimental) and organisms studied.

D. Mode of uptake

In aquatic biota, it is generally assumed that Ni can be
taken up either directly from the water (or sediment porewater)
and/or from the ingestion of solid material. A third vehicle for
entry of Ni in into aquatic animals was suggested recently by
Szefer et al. (1990) who found that the elevated Ni concentra-
tions in the gills of cod, Gadus morhua were due to the presence
of adsorbed particulate matter rather than active ingestion of
particulate matter.

For lower levels of the food chain (i.e. flora and herbi-
vores), laboratory studies have consistently demonstrated that Niis obtained directly from the water (Stokes 1988). However,
animals higher up in the food chain or those which are deposit or
suspension feeders, can accumulate Ni from ingested solid materi-
al as well as from direct uptake from water. The relative impor-
tance of these two modes of uptake is still uncertain. For
example, in situ Brooks and Rumsby (1965) found that the inges-tion of particulate matter was important in the uptake of Ni by 3
marine bivalves. Similarly, Dallinger and Kautzky (1985) impliedthat uptake from food was the primary mechanism by which Salmo
crairdneri obtained Ni from 2 rivers in Italy. In a laboratory
study, Windom et al. (1982) found that Ni accumulation in the
polychaete Capitella capitata was significantly increased when it
was fed detritus containing elevated concentrations of Ni.

On the other hand, Lytle and Lytle (1990) believe that theelevated concentrations of Ni found in oysters (Crassostreavirainica) collected from 2 sites in the Mississippi River were aresult of enhanced levels of Ni in the water and not the inges-tion of contaminated sediments. Likewise, Wilson (1983) suggeststhat the main pathway for Ni uptake in the benthic bivalve Ceras-
toderma edule is through the gills, possibly through mucous sheer
or transmembrane absorption, with secondary uptake occurring viathe viscera. Similarly, in Daphnia maana uptake from solutionrather than uptake from ingested particles was the primary accu-
mulation vector (Watras et al. 1985). However, ingested Ni wasconcentrated in the faecal matter which normally would sink tothe sediments. This would provide an additional source of Ni
contamination to the sediments.

Hall (1982) suggests that the net accumulation of Ni in
Daphnia magna is the sum of 5 processes — adsorption, absorption,retention or storage, excretion and desorption. Absorption can
be an active process as was found by Timourian and Watchmaker
(1972) in fertilized eggs and embryos of sea urchins where Ni



uptake was mediated by the carrier system used primarily for Ca
and Mg. Hall (1978) states that Ni absorption is a result of
flux-equilibrium conditions established by a balance between
uptake and loss. Thus, flux occurs when no more incoming metal
can be accomodated by the tissue. In Daohnia macrna, she found
that this developed at about 2 weeks. Similarly, in crayfish
Alikan and Zia (1989) and Zia and Alikan (1989) found a 'cyclic'atternof uptake, with a 2 week period of active uptake followed
by 2 weeks of active excretion of amounts that could not be
accomodated in the various tissues.

In situ, Bagatto and Alikan (1987) found high levels of Ni
in the exoskeleton of crayfish. Similarly, Navrot et al. (1974)
observed significant concentrations of Ni in the skeletal parts
of the limpet Patella vulaata. Bagatto and Alikan (1987) suggest
that the exoskelton might be involved in excretion of Ni and act
as a sink during the molt cycle. Hall (1982) reported some loss
of Ni in Daphnia maana during the molt cycle while Krantzberg and
Stokes (1988) also observed Ni loss during the emergence of
chironomid larvae. In addition they found that the Ni adsorbed
to the exoskeleton was responsive to pH with adsorption lower in
animals collected from lakes with pH = 4.4 or 6.1 than in those
collected from lakes with pH = 5.1 to 5.5.

E. Mode of toxicity/tolerance
While Ni can be quite toxic to aquatic biota (as discussed

in Part III) there is a lack of understanding of the mechanism of
transport of Ni into cells and also the mechanism of nickel
toxicity. Shaw and Grushkin (1957) suggested that metal cations
such as Ni are toxic to biota because they combine with an essen-
tial sulfhydryl group which is attached to a key enzyme. In
aquatic flora, Stratton and Corke (1979a) found that toxicity was
due to poisoning of the intracellular enzyme system by Ni + ions
in the blue-green alga Anabaena inaeaualis. However the mecha-
nism of Ni accumulation appears to be associated with functional
groups at the cell surface of blue-green algae, green algae and
Eualena (Wang and Wood 1984).

No studies have been discovered concerning the mechanism
of Ni toxicity in aquatic invertebrates, although as mentioned
previously Ni transport may be mediated by the carrier system
used primarily for Ca and Mg. In terrestrial isopods, Ni has
been shown to inhibit hepatopancreatic acid phosphatase (Saleem
and Alikan 1974 as cited by Alikan and Zia 1989).

Similarly, little is known about the mode of action of Ni
in fish except that it causes gill damage (eg. Onwumere and
Oladimeji 1990) and subsequent mortality. Jones (1939) suggests
that the Ni salt in solution precipitates the gill secretions and
brings about death by asphyxiation. Two factors are important,
1) the speed of formation of the asphyxiating film and 2) the
speed with which it is shed off by the secretion of new mucous.
Since the LC50 value is dependent on the speed of formation of
the film, then salts with high solution pressure should have high
LC50s.



Chaudry (1984), Chaudry and Nath (1985a,b) and Nath and
Kumar (1988) reported hyperglycemia in the fresh water subtropi-
cal perch, Colisa fasciatus and in the Indian catfish, Heterop-
neustes fossilis following exposure to Ni. They suggest that the
direct damage to the gills caused by the nickel resulted in
tissue hypoxia and led to hyperglycemia. Thus, toxicity appears
to be a result of the direct action of the Ni on the fish al-
though the possibility of stress-induced metabolic changes caus-
ing the hypoxia and subsequent hyperglycemia can not be discount-
ed (Chaudry 1984). Recently, Nath and Kumar (1990) found that
Colisa fasciatus exposed to 64 mg Ni/L exhibited damage to the
testes and ovaries. However, once again, toxicity could have
resulted from the direct action of the Ni on the gonads or to
indirect action through the pituitary gland.

While the toxicity of Ni to aquatic biota is established,
tolerances to Ni have been observed also in many taxa (eg. Myslik
and Hutchinson 1971, Stokes 1975a,b, Hutchinson et a2.. 1981,
Stokes 1981, Sheath et al. 1982, Wang and Wood 1984, Tadros eC
al. 1990). For example, Stokes (1975a) found that green algae
isolated from Sudbury area lakes had Ni concentrations of 4.5
ug/g and were tolerant of 3 mg Ni/L. While tolerance to Ni was
correlated with the presence of metals in the environment, toler-
ance was specific for each metal. Similar results were obtained
by Whitton and Shehata (1982) who found that blue-green algae
Anacystis nidulans strains exhibiting tolerance to one metal were
not necessarily tolerant to another metal.

Wood (1988) states that Ni resistence in fresh water algae
can occur through a variety of mechanisms including 1) complexa-tion to polysaccharides at the cell surface, 2) excretion ofextracellular chelating agents and 3) synthesis of intracellular
polymers which trap Ni 300 times over cytoplasmic concentrations.
Stokes et al. (1973a) suggest that ability of green algae tosurvive Cu in solutions is not due to their ability to exclude Cu
but rather their ability to accumulate it. They propose that asimilar mechanism may apply for Ni. Tarmohamed and Stokes (1987)
found that the cell wall of Chlamvdomonas reinhardtii had aprotective role in Ni uptake. The mechanism by which the cell
wall protects the cell appeared to be by binding the Ni to thewall.

Since Ni-tolerant algae contain more Ni than non-tolerant
algae, Stokes (1981) suggests that an intracellular detoxifica-tion mechanism is associated with tolerance for Ni. Similarly,
Tadros et al. (1990) found that detoxification of Ni was occur-
ring in 2 marine diatoms, involving perhaps the production of ametal-chelating agent. A detoxification process also has been
proposed as a mechanism for Ni regulation in aquatic inverte-brates as reported for example by Santiago-Fandino (1983) who
observed changes in the mean specific growth rate of Hvdra litto-ralis relative to Ni uptake. However, higher animals appear to
be able to regulate the Ni concentration in their body (either bycontrolled uptake or by increased efflux of Ni), despite changesin Ni availability in the aquatic environment (Wilson 1983,
Krantzberg and Stokes 1987, Stokes 1988, Darmono 1990).



F- Sensitive species/taxa
While a plethora of data are available which document

acid- and metal-tolerance in aquatic biota, it is often difficult
to separate the effects of Ni from those of pH and/or other
metals (MacIsaac et al. 1987). Consequently, the following
discussion will highlight taxa that, are sensitive or tolerant to
low pH and/or high metal concentrations in general, as opposed to
only Ni.

In algae, extensive work has been carried out on species
collected from both the Smoking Hills region of the N.W.T. (eg-
Hutchinson eC al. 1981, Sheath et al. 1982, Havas and Hutchinson
1983) and the Sudbury area of Ontario (eg. Stokes 1975a,b, 1981,
1984, Stokes et al. 1973a,b). In fumigation ponds in the Smoking
Hills, mosses and benthic algae were found to be the most acid-
metal tolerant species (Havas and Hutchinson 1983). Hutchinson
et al. (1981) reported that Eualena mutabilis and Chlorella
saccaroohila grew at, pH = 2 and exhibited co-tolerance with Ni.
Sheath et al. (1982) found that the dominant taxa in the fumigat-
ed ponds where Ni concentrations were as high as 80 mg Ni/L, were
Chlorophyceae, Bacillariophyceae, Euglenophyceae and Cryptophyc-
eae. Eualena mutabilis and Nitzschia communis were particularlytolerant to low pH and high metal concentrations.

In the Sudbury region of Ontario, pH and/or metal-
totlerant algae isolated from the lakes were mainly Chlorococ-
cales. The green algae Scenedesmus acutiformis var. alternans
and Chlorella fusca were tolerant to concentrations of 3 mg Ni/L
(eg. Stokes 1975a,b, 1981). Similar to the results of Sheath etal. (1982), in acidic Ni-contaminated Clearwater Lake, members of
Chlorophyta (17 genera), Chrysophyceae (10 genera) and Bacillari-
ophyceae (12 genera) comprised 65% of the 60 genera of algae
while Eriocaulon sentanaulare dominated the 7 species of macro-
phytes (with respect biomass).

In other studies involving aquatic flora, Hutchinson
(1973) found that of 4 species of green algae examined, Scenedes-
mus was the most sensitive and Chlamvdomonas the least sensitive
to the effects of Ni, while Haematococcus and Chlorella were
intermediate. Similarly, Wood (1987) reported that sensitivity
to Ni followed the order Svnechococcus & Oscillatoria & Scenedes-
gus & Chlamvdomonas (i.e. the green algae, Scenedesmus and
Chlamvdomonas, were more tolerant than the blue-green algae,
Svnechococcus and Oscillatoria, and Chlamvdomonas was more toler-
ant than Scenedesmus). Likewise, Wang and Wood (1984) found that
Svnechococcus and Oscillatoria were more sensitive to nickel
toxicity than were the green algae, Scenedesmus and Chlamvdomo-
~as, and a Eualena species. On the other hand, Spencer and
Greene (1981) measured phytoplankton productivity in a shallow
lake and found that Ni ~d ~ inhibit community photosynthesis
when the community was dominated by blue-green algae suggesting a
certain amount, of Ni tolerance in the blue-green algae.

Studies on the sensitivity of aquatic invertebrates to low
pH and/or high metal concentrations are equally numerous. Havas
and Hutchinson (1983) found that rotifers and chironomid larvae



were the most acid-metal tolerant species in ponds located within20 km of the Smoking Hills, N.W.T. (pH = 1.8-9.7, [Ni]=0.004-6.3mg/L). However, mean rotifer abundance was higher in non-acidlakes (pH & 5.2) than in acid lakes (pH & 5.2) in Ontario andchanges in the rotifer community could not be explained by the Niconcentrations in the water (MacIsaac et al. 1987). In acidic,Ni-contaminated Clearwater Lake, the benthos were dominated bychironomid larvae while molluscs and ephemeroptera were absent(Stokes 1984). Similarly Malueg et al. (1984a) collected noephermeroptera from the metal-contaminated sediments of thenorthern basin of the Keweenaw Waterway, Michigan (Ni concentra-tions of 63 to 130 ug/g dw) although the epheroptera comprised38% of the benthos in the uncontaminated southern basin. Thusthe results of in situ surveys of invertebrates would support tosome extent., laboratory toxicity studies where it. has been foundthat chironomids are relatively tolerant of Ni while benthicmolluscs and pelagic crustaceans such as Daphnia are relativelysensitive (see Appendix B).

Recently a fairly extensive study of the impact of heavymetals, including Ni (concentration in the sediment as high as4900 ug/g dw), on the benthos, diatoms and macrophytes of theWelland River Ontario, downstream of the Atlas-Mansfield Steelssewer outfall, was carried out. by Dickman et al. (1990). Theyfound that no biota were found within 0-10 m of the point sourceinput. At 10-15 m from the point source, pollution tolerantbenthic invertebrates such as sludge worms (Tubificids) andchironomids well as pollution tolerant long stemmed emergentmacrophytes such as bulrushes (Phraamites), cattails (Tvpha) andsedges (Carex) first appeared. Further downstream (15-120 m fromthe sewer outfall), short stemmed macrophytes (pickerelweed-Pontederia, arrowhead — Saaaitaria and burweed — Soarcranium)became abundant as did other species of benthic invertebratessuch as sow bugs (Ascellidae), craneflies (Tipullidae) and bee-tles (Carabidae). Less tolerant species such as the submersedmacrophytes Elodea and Mvrioohvllum, isopods, snails and leechesonly became established at 120-800 m below the point source.
For fish, the results of short-term experiments conductedin the laboratory, indicate that salmonids and non-salmonids areequally sensitive to the effects of Ni (see section B.l andAppendix A). However, in situ, very few data are availableconcerning the sensitivity or tolerance of fishes to Ni. Reashand Berra (1987) found that lampreys, darters and sculpins wereabsent from the metal-contaminated Rocky Fork of the MohicanRiver, Ohio ([Ni] = 440+331 ug/L) while cyprinids, such as creekchubs (Semotilus atromaculatus) and blacknose dace (Rhinichthvsatratulus) were abundant. However, the fish communities at thepolluted sites were dominated by a few pollution-tolerant spe-cies. This decrease in species diversity as pollution concentra-tions increase (or as pH decreases) has been observed also inalgae and macrophytes (eg. Sheath et al. 1982, Stokes 1984,Dickman et al. 1990) and in invertebrates (eg. Havas and Hutchin-son 1983, Malueg et al. 1984b).

The ability of certain taxa of aquatic biota to developresistances to and thus tolerate high concentrations of Ni, has



implications regarding the effects of these metals on the aquaticecosystem. Nhile some algae can sequester toxic metals such asNi from mine tailings and are therefore efficient in retardingmetal dispersion into the environment (Mann et al. 1988), theexistence of only a few tolerant species of primary producers(eg. Havas and Hutchinson 1983) may lead to extinctions higher upin the food chain (Whitby et al. 1976) and also may result inelevated concentrations of Ni higher up in the food chain. Therelatively long period of industrialization and the onset ofacidification means that tolerance may be maximized especially inOntario lakes. Thus, the potential for Ni accumulation andtransfer through the food chain could be significant.



APPENDIX F: LEGEND FOR APPENDICES A-D

t = increase
= decrease

& = greater than or equal to
& = less than or equal to
& = greater than
& = less than
= = approximately
cr = male

Q = female
= leads to/results in

8=at
[ ] = concentration
FL = fork length
FT = flow-through bioassay

static bioassay
SR = static bioassay with renewal of test solution at a specifiedinterval
LT50 = time to death of 50% of the test population

rm = intrinsic rate of increase
humic acid
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APPENDIX A: TOXICITY OF Ni TO FISH

1. Acute Toxicity

Reference Species Chemical Age/
(Test Type) Size

T
oc

pH Hardness
mg CaCO3/L

Effect (Ni]
mg/L

FRESH MATER

Anderson
(1981)

Salmo NiSO&. 1.8-24.2 g 8-12.5
gairdneri 6H20 4.6-11 cm 57 '-95

96-hr LC50 17.1
(11.1-
30 ')

Anderson et
al. (1979)

Salmo NiSO&
gairdneri

12+1 7.9+0.1 125 96-hr LC50 28

Brown &

Dalton (1970)
Salmo NiSO&. 1 yr 15.3- 7.3-7.5
gairdneri 6HzO 143+19 mm 18.4

(SR) 33 '+13.6 g

240 48-hr LC50 32.0

Grande & Salmo Ni(NO ) . 8 mth
Andersen (1983) gairdneri 6Hzo tsfl)

10 6 ' 96-hr LC50 25

Hale
(1977)

Salmo Ni (NO3) &.
gairdneri 6H 0

(F9)

2 mth
51-76 mm

6.4-8.3 96-hr LC50 35.5

Nebeker et
al. (1985)

Salmo NiCl .
qairdneri (FT)

3 mth 12-14
0.37 g,36 mm

0.58 g,40 mm
12 mth

16.4 g,119 mm
15.4 g,116 mm

NiC1&. fry 9-13 wks 12+1
6H~O .5-1 g

(S) 41-52 mm

Hamilton & Oncorhynchus
Buhl (1990) tshawytscha

7 '-F 1

7.4-8.3

27-39

fresh 211
brack 343

96-hr LC50
96-hr LC50

96-hr LC50
96-hr LC50

96-hr LC50
96-hr LC50

10. 0
10.9

8.9
8.1

106-111
238-274



Pickering
(1974)

Pimephales NiClz 6 wk
promelas (S) 0.3 g

(FT)

25+1 200
96-hr LC50 27,32
96-hr LC50 28,25

Pickering 5
Henderson
(1966)

Pimephales NiClz. 3.8-6.4
promelas 6H20- cm

(S) 1-2 g

25 7.5

8.2

20

260

24-hr LC50
4&-hr LC50
96-hr LC50
24-hr LC50
48-hr LC50
96-hr LC50

13 ',10 '
7.9,5.9
5.2,4.6

104,79.1
59.3,51.6
42.4,44.5

Pickering 5
Henderson
(1966)

Carassius
auratus

NiClz. 3.8-6.4
6H0 cm
(Sj

25 7.5 20 24-hr LC50
48-hr LC50
96-hr LC50

34 F 1
20 '

9.8
alaylock f
Frank (1979)

Cyprinus
carpio

NiSO~. eggs
6HzO (SR) larvae

(1 day)

25+1 7.4 128 72-hr LC50
72-hr LC50

6 ~ 1
8 ~ 5

Kapur 5
Yadav (1982)

Cyprinus NisO&.
carpio var. 6Hz0
communis

eggs 16 7.51 360 LC50 98 ~ 5

Rao et al.
(1975)

Cyprinus
carpio

NiClz
(S)

4-5 cm 27.5- 7.8
27.7

75-90 24-hr TLN
48-hr TLN
96-hr TLN

49
38.5
35

Rehwoldt et.
al ~ (1971)

Rehwoldt et.
al. (1972)

Cyprinus
carpio

Cyprinus
carpio

Ni
(S)

17 7 '

8 '

53

55

24-hr LC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

38 ~ 2
29.1
10.6

38.3
28.9
10.4

Rehwoldt et
al ~ (1971)

Rehwoldt et
al..(1972)

Anguilla Ni
rostrata (S)
(American eel)
Anguilla Ni
rostrata (S)
(American eel)

17

28

7 '

8.0

53

55

24-hr LC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

14 ~ 0
13 '
13.0

14 ~ 1
13 ~ 1
13 ~ 0



Rehwoldt et
al. (1971)

Rehwoldt et
al. (1972)

Rehwoldt et
al. (1971)

Rehwoldt et
al. (1972)

Rehwoldt et
al. (1971)

Rehwoldt et
al. (1972)

Rehwoldt et
al. (1971)

Rehwoldt et
al. (1972)

Pickering &

Henderson
(1966)

Fundulus Ni
diaphanus (S)

Fundulus Ni
diaphanus (S)

Roccus Ni
saxatilis (S)
(rock bass)

Roccus Ni
saxatilis (S)
(rock bass)

Roccus Ni
americanus (S)
(white perch)

Roccus Ni
americanus (S)
(white perch)

Lepomis Ni
gibbosus (S)

Lepomis Ni
gibbosus (S)

Lepomis NiC1&. 3.8-6.4
macrochirus 6Hz0 cm

1-2 g

17

17

28

17

28

17

28

25

7 '

8.0

7.8

8 '

7.8

8.0

7.8

8.0

7.5

8.2

53

55

55

55

20

260

24-hr I,C50
48-hr LC50
96-hr LC50

24-hr I,C50
48-hr LC50
96-hr IC50

24-hr LC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

24-hr IC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

24-hr LC50
48-hr LC50
96-hr LC50

24-hr
48-hr
96-hr
24-hr
48-hr
96-hr

LC50
LC50
LC50
LC50
LC50
LC50

63 '
50 '
46 '

63 ~ 1
50. 0
46 '

10. 0
8.4
6.2

10.0
8 '
6.3

18 '
16 '
13 '

18 '
16 '
13 '

16.4
12 '

F 1

16. 4
12 ~ 1

8 ~ 0

41.7, 11. 3
15.9,8.7

5.2,5.4
82 F 1
39.6



M W W

Khangarot 5
Ray (1990)

Poecilia NTCl&. 12-17 27-30 7.4-7.8
raticulata 6H 0 mm

(S 160-200
mg

165-200 24-hr LC50
48-hr LC50
72-hr LC50
96-hr LC50

168-hr LC50

95.0
63.0
50.1
36 '
33 '

240-hr LC50 31 '

Khangarot
(1981)

Puntius
sophore

NiSO~.
6HRO

2 ' g
58 mm

17 '-21 '. 6 '-7.8 250-270 12-hr
24-hr
48-hr
72-hr
96-hr

LC50
LC50
LC50
LC50
LC50

86
40
38
33
31

Khangarot
(1981)

Rasbora
daniconius

NiSO~.
6H~O

1.5 g
50 mm

17 ~ 5-21 ~ 5 6 ~ 8-7. 8 250-270 12-hr
24-hr
48-hr
72-hr
96-hr

LC50
LC50
LC50
LC50
LC50

84
53
50
41
36

Khangarot
(1981)

Khangarot &

Durve (1982)

Channa
punctatus

Channa
punctatus

NiSO
6H~O

(S)

1. 9 g 17. 5-21. 5 6. 8-7. 8
56.7 mm

1.89+.57 g 17.5-21 ' 6.8-7.8
56.7+5.1 mm

250-270

250-270

12-hr LC50
24-hr LC50
48-hr LC50
72-hr LC50
96-hr LC50

48-hr LC50

45
36
31
30
30

37.0

Saxena 5
Parashari
(1983)

Channa
punctatus

NiC1& 10-15 cm
(S)

7 '+ ~ 2 65 24-hr LC50
48-hr LC50
72-hr LC50
96-hr LC50

509.3
456
436 '
306.9

Khangarot
(1981)

Lebistes NUTSO&. 0.2 g 17.5-21.5 6.8-7.8
reticulatus 6HzO 16.2 mm

250-270 12-hr LC50
24-hr LC50
48-hr LC50
72-hr LC50
96-hr LC50

104
89
72
59
55



Pickering &

Henderson
(1966)

iebistes NiC1&. 1.9-2.5

reticulatus 6HzO cm
0.1-0.2 g

25 7.5 20 24-hr I,C50

48-hr LC50
96-hr LC50

18.3

9.6
4.5

Kumar &

Nath (1987)
Colisa NiSO&. 5.52+.36 g 24+1
fasciatus 7H 0 5.67+.28 cm

(8

7.57 172 24-hr LC50
48-hr LC50
72-hr LC50
96-hr LC50

96.1
60.2
24.5
16 '

Taylor et al. Chelou Ni(NO )z. .3-3.2 g 12 7.7+0.8
(1985) labrosus 6H20 FT) 2.7-5.8 cm

48-hr IC50
72-hr LC50
96-hr LC50

271
149
118

Verma et al.
(1982)

MARINE

Mystus
vittatus

Ni 80-100 mm
6-10 g

7.3 52 96-hr TLM 255

Eisler &

Hennekey
(1977)

Fundulus NiClz.
heteroclitus 6H 0

(8

20 7 ' 20 o/oo 24-hr LC50 &400
96-hr LC50 350

168-hr LC50 150

M M M M M M M M M M M M M M M M M M



2. Chronic/Sub-Lethal Toxicity
PRESH MATER

Reference Species Chemical Age/
(Test Type) Size

T
oc

pH Hardness
mg CaCO&/L

Effect [Ni]
mg/L

Anderson et
al. (1979)

Salmo
gairdneri

NiSO~ 12+1 7.9+0.1 125 10 day LC50 15
pre-exposure to
5 mg/L does not
prevent t in serum
chloride and
osmolarity levels
when exposed to
seawater
serum protein t with
exposure to ~.8 mg/L
Ni in freshwater;
increase dose-related

Arillo et al.
(1982)

Salmo NiClz
gairdneri (FT)

adult 15+1 7.4 320 decrease in 1.0
glucidic metabolism
no effect on
liver proteolytic
activity after
6 mths

Babich et. al.
(1986b)

Salmo
gairdneri

NiC1&. cell line 26
6H&O from gonads

nutrient
medium

80% reduction 5850
in neutral red

Becker &

Molford (1980)
Salmo NiSO&. )uvenile variable 7.6-8.2 65-78
gairdneri 6H&0 FL=11-18 cm

decreased 21.5
resistance to
elevated T4C
after 7-21
day exposure &

2X increase 1.4-3.0
in (Ni] in
gill & liver



Giattina et
ai (1982)

Salmo NiClz. 3 mth
gairdneri 6H 0 10 g

(SR FL=7 cm

1 2 + 1 7 ~ 0-7 ~ 5 2 8 . 4 avoidance
threshold

.024

Grande & Salmo Ni (NO3) &. eggs
Andersen (1983) gairdneri 6HzO

(SR)

sac-fry

3-10 6.3 hatching time
790 hr &0.005
1582 hr 0 ~ 1
0% death &0.005
20% death 0.1
63% death 0.5
90% death 1.0
100% death ~5
0-20% death 0-1.0

Hughes et al. Salmo NiSO&. 15 240 l'd 2.0,3.2
(1979) gairdneri 6H 0

(F~)
diffusing capacity
of gill (ability
to transfer 02)
after 3.5 days

Nebeker et
al. (1985)

Salmo NiCl
gairdneri (FTj

newly ferti- 12.1
lized eggs 12.4
eyed eggs 12.5
larvae 12.7
(pre swim-up)

7.0
7.1
7.1
7.2

53+10
52+6
49+7
43+9

NOEC(85 days) &35
NOEC(75 days) 35
NOEC(52 days) 134
NOEC(38 days) 134

Reader et
al ~ (1989)

Salmo
trutta (FT)

alevins
3-6 days

10+1 4.4-4.5

6 '-6.6

100% death
. reduced
calcified centra

80% survival
30-day exposure

Becker & Oncorhynchus NiSO~. )uvenile 15
Wolford (1980) kisutch 6H&0 FL=8-11 cm

7.6-8.2 65-78 decreased 16
resistance to
elevated T C
& 75% mortality
after 14 day exp.



Nurty
(1986)

Eickering
(1974)

Pimephales
promelas

Pimephales
promelas

Ni embryo/larvaelife cycle

Niclz 6 wk
(FT) 0.3 g

25+1 200

MATC~a
NaTc~s

0.38-0.
0.38-0o7&

decreased h0.7
g eggs/
spawning &

hatchability
NATC 0.38-0.73
(as LC50 X AF)

Blaylock &

Frank (1979)
cyprinus
carpio

NiSO4.
6H~O
(SR)

eggs 25+1 7 ' 128 decreasing 6-10
hatchability
increase in 3-10
abnormal larvae

Kapur &

Yadav (1982)
Cyprinus NiSO&. eggs
carpio var. 6H&0
communis

7.51 360 l hatching
t deformed
hatching

~50
2100

Jones
(1939)

Casterosteus Ni (NO&) z 15-18 6 '-6 '
aculeatus 6H&O 30-50 mm

there is no

10-day LCL 0.8
(] below which

Chaudhry
(1984)

Colisa NiSO&.
fasciatus 7HzO

(SR)

Babich et al. Lepomis Nicl&.
(1986b) macrochirus 6H&0

24+1

cell line 26
from caudal

fin
adult
females
5.52+.36 g

5.67+.28 cm

7.57

nutrient
medium

172 decreased
muscle glycogen,
increased
blood lactic
acid & mucous
secretion from
3-96 hr exposure

64

toxic effect
50% reduction 117
in neutral red

Chaudhry &

Nath (1985a)
Colisa NiSO&. adult
fasciatus 7HzO

(SR) 5.52'6 g
5.67+.28 cm

24+1 7.57 172 increased
blood glucose
from 6-96 hr

exposure

64



Chaudhry &

Nath (1985b)
24+1Colisa NiSO&. adult

fasciatus 7H&0 females
(SR) 5.52+.36 g

5.67+.28 cm

7.57 172 decreased 64
liver glycogen
from 24-96 hr
exposure

Nath &

Kumar (1990)
Colisa
fasciatus

NiSO&. adult 24+1
7HzO 5.67+.28 cm
(SR) 5.52+.36 g

7.6 172 damage to 64
testis & ovaries

Nath &

Kumar (1989)
Colisa NiSO~. adult 24+1
fasciatus 7H&0 5.67+.28 cm

(SR) 5.52+.36 g

7.6 172 hypertrophy 64
of respiratory
& mucous cells,
separation of
epithelial layer
pillar cell system,
cauterization &

sloughing, necrosis
of epithelium &

hyperplasia after
96 hr exp.(all
effects on gills)

Nath & Heteropneustes NiSO&.
Kumar (1988) fossilis 7H 0

(Sh)

adult 24.3+1.5 7.69k.07 184.2+10.6 increased 192
31.7+2.1 g blood glucose,

mucous secretion,
trips to surface
from 6-96 hr

Singh &

Sivalingam
(1982)
2

Sarotherodon NiC1& 20-34 g
mossambicus

no effect on 10-
catalase 40
activity



Bivalingam f Tilapia Ni fish liver cells
Billet (1989) in vivo, in

vitro conditions
in vitro:

In vivo:

Ni l fat, glycogen
t acid phosphatase ~3
f catalase ~3
l alkaline phosphatase

at 9
small l phosphatases 5

glucose 220
small t catalase to max
at 15 mg/L, then l 15-
40 mg/L



APPENDIX B: TOXICITY OF Ni TO INVERTEBRATES

1. ACUTE TOXICITY

Reference

FRESH WATER

Species Chemical Age/
(Test Type) Size

T
C

pH Hardness
mg CaCO3/L

Effect [Ni)
mg/L

PLATYHELMINTHES

Jones (1940)

ROTIFERS

Buikema et
al. (1974)

NEMATODES

Polycelis Ni(NO3)2 ?
nigra (S)

Philodina NiC12,
acuticornis

Ni(S04)

15-18 6.6

20+2 7.4-7.9 25

threshold
toxicity

24-hr LC50
48-hr LC50
96-hr LC50
24-hr LC50
48-hr LC50
96-hr LC50

45

7 '
4.0
2.9
F 2
7 '
7.4

Williams & Caenorhabditis NiC12 3-4 day old 20
Dusenbery (1990) elegans & young adults

CRUSTACEANS

nutrient media on 24-hr LC50 2920
tissue plates 48-hr LC50 185

72-hr LC50 3
96-hr LC50 1

Martin & Crangonyx Ni(SO ). 7 mm
Holdich (1986) pseudogracilis 7H25 (S) 1.5 g

13 6 '-6 ' 45-55 48-hr LC50 252
96-hr LC50 66.1



Migliore 6

Nicola Giudici
(1990)

female 64
male 61
juvenile 35

48 39 32
44 32 28
12 10 7

Asellus NiC12. adults 6 19 7.2- 240 hard
aquaticus 6H20 juveniles 7.4

(sex specific)
ST50 (time to death of 504 of population in hours)

[Ni] mg/L
sex/age 0.01 1 5 10

see table below

No difference in
toxicity between
sexes!
juveniles
more sensitive than
adults

Nartin 6 Asellus
Holdich (1986) aquaticus

Ni(SO ). 4 mm
7820 )Sj 0.2 g

13 6.7-6.8 45-55 48-hr LC50 435
96-hr LC50 119

Rehwoldt et
al. (1973)

Gammarus
SPe

Ni larvae, 17
(S) eggs, adults

7.6 50 24-hr TLN 15.2
96-hr TLN 13.0

Shcherban
(1979)

Anderson
(1950)

Daphnia
magna

time (hrs)
24

96

Daphnia
magna

Ni(SO )
(anhyh)

parameter
LCO
LC100
LCO
LC100
LCO
LC100

NiCl2

juveniles varies 7.8-
8.6

Temperature C
10 15 25 30
&5 &5 1.0 0.5 .

&5 &5 &5 &5
&5 5.0 0.5 0.25
&5 &5 2.5 2 '
&5 5.0 0.25 0.25
&5 &5 2.5 2.5

4i4 hrs 25 Lake Erie fresh

see table

toxicity
threshold

0.32

Biesinger 6
Christensen
(1972)

Daphnia
magna

NiC12.
6H20

12+12 hrs 18il 7.4- 44-53
8.2

48-hr LC50:
with food: 1.12
without food: 0.51



Khangarot 6

Ray (1987b)
Daphnia NiCl~.
magna 6H20

11.5- 7.4-7.8 235-260
14-5

24-hr EC50 10.9
48-hr EC50 7.59

Kuhn et al.
(1989)

Daphnia
magna

Ni 24 hrs old 20
acetate

(S)

7.6-
7.7

24-hr EC50 21

Baudouin 6
Scoppa (1974)

Baudouin 6

Scoppa (1974)

Daphnia NiCl2
'hyalina

Cyclops NiC12
abyssorum
prealpinus

0.62 mm

0.62 mm

10+
0.5

10+
0.5

7.2 alkalinity 48-hr LC50 1.9
0.58 meq/L

7.2 alkalinity 48-hr LC50 15.0
0.58 meq/L

Baudouin 6

Scoppa (1974)
Eudiaptomus NiC12
padanus
padanus

0.43 mm 10+ 7.2 alkalinity 48-hr LC50 3.6
0.5 0.58 meq/L

Lussier et
al. (1985)

MOLLUSCS

Mysiodopsis
bahia (FT)

24-hr
larvae

20-25 7.8-8.2 45-55 96-hr LC50 0.51

Nebeker et
al. (1986)

Nebeker et
al. (1986)

Juga
plicifera
Amnicolast

NiC12
(F)

Nicl2
(F)

1521 7 '-7 '

15i1 ' 1-7 '

20(adjusted) 96-hr LC50
59 96-hr LC50

20(adjusted) 96-hr LC50
50 96-hr LC50

0.102
0.237

7.15
14 '

Rehvoldt et
al. (1973)

Amnicola
spa

Ni
(S)

eggs

adults

17 7.6 50 24-hr TLM
96-hr TLM
24-hr TLM
96-hr TLM

26 '
11 '
21 '
14 '



Guptka et al. Viviparus NiCl . 2.16-2.78 cm 26-31 7.2- 120-154
(1981) bengalensis 6H2 1.1-2.85 g 7.8

12-hr
24-hr
48-hr
72-hr
96-hr

LC50
LC50
LC50
LC50
LC50

154
138
100

59 F 1
39.8

Keller 6

Zam (1991)
Anodonta Ni(S04). 1-2 d 23+3
imbecilis 6H20 juveniles

soft
moderately
hard

48-hr
96-hr
48-hr
96-hr

LC50
LC50
LC50
LC50

.24

.19
~ 47
.25

Khangarot Lymnaea Ni(S04). 0.48 qet al. (1982) acuminata 7H20 2.1 mm

26-29 7.2- 360-
7.8 390

24-hr
48-hr
72-hr
96-hr

LC50
LC50
LC50
LC50

23 '
4.33
3.82
2.78

Khangarot 6

Ray (1988)
Lymnaea NiC12. 1.9-2.3 cm 30-33.5 7.2- 165-230
luteola L. 6H20 0.45-0.75 g 7.6

24-hr
48-hr
72-hr
96-hr

LC50
LC50
LC50
LC50

6.09
1.70
1.70
1 '3

Nebeker et
al. (1986)

ANNELIDS

Physa
gyrina

NiC12
(F)

1521 7.1-7.3 20(ad)usted)
26

96-hr
96-hr

LC50
LC50

0.201
0.239

Brkovic-Popovic Tubifex Ni(SO4) ~

6 Popovic (1977a)tubifex 7H20
20 24-hr

48-hr
LC50
LC50

2
0.8

Rehwoldt et
al. (1973)

Whistle Ni
worm (S)

.17 7.6 50 24-hr
96-hr

TLM
TLM

16.2
14 F 1

Rehwoldt et al. Oligochaeta Ni larvae, 17
(1973) (Nais spec.) eggs, adults

7.6 50 24-hr
96-hr

TLM
TLM

16 '
14 F 1



INSECTS

Khangarot 6 Chironomus NiC12. 3rd instar 1312
Ray (1989) tentans 6H20

6.1- 18-35
6.6

24-hr EC50
48-hr EC50

78
70

Powlesland 6

George (1986)
~ ~ . ~choo'D.-. js. ~is & r) 4&4 = 5 n~

Rehwoldt et
al. (1973)

Chironomus Ni 1st,2nd 6

riparis (S) 3rd instar
r.i /L 4 I~/~»
Ivi/g i ~nt c -. t,/ fbi% (nP",c )

Chironomus Ni ?
(S)

22+1

17 7.6 50

7.8- 210-227
8.6 alkalinity

48-hr LC50
1st instar
2ng instar

in~ &cW

24-hr TLM
96-hr TLM

79.5- ~4
169 iO

,l OQ

10 '
8 '

Rehwoldt et Caddisfly Ni
al. (1973) (S)

17 7.6 50 24-hr TLM
96-hr TLM

48.4
30.2

Warnick 6 Bell Hydropsyche Ni(SO4). ?
(1969) betteni 6H20

1812 7.25 44 96-hr TLM )64.0

Rehwoldt et Damselfly Ni larvae, 17
al. (1973) (S) eggs, adults

7.6 50 24-hr TLM 26.4
96-hr TLM 21.2

Warnick 6 Bell Acroneuria Ni(S04). ?
(1969) lycorias 6H20

Warnick 6 Bell Ephemerella Ni(S04). ?
(1969) subvaria 6H20

AMPHIBIANS

18+2 7.25

18i2 7.25

44

44

96-hr TLM 33.5

96-hr TLM 4.0

Khangarot 6 Bufo Ni(S04) 1.8-2.2 cm 29-34
Ray (1987a) melanostictus 6H20 90-120 mg

tadpoles

7.1-
7.6

185 12-hr LC50 61.4
24-hr LC50 53.2
48-hr LC50 34.3
96-hr LC50 25.3



MARINE

NEMATODES

Vranken et Nonhystera Ni
al. (1988) disjuncta

CRUSTACEANS

J2 larvae 17 30 o/oo 96-hr EC50 20.3
96-hr ILL 32.6
96-hr NOEC 4.0
(developmental
inhibition)

Bryant et
al. (1985)

Temp ~

C
time (hrs)

24
48
96

192

Corophium NiC12.
volutator 7H20

varies 7 salinity
varies

salinity (o/oo)
5 10 15 25 35

80 &128 60 &128 &128
20 60 31 100 &128

5 21 18 36 54
NA 7 9.5 15 16

see table

10
24 46 62 90 &128 &128
48 18 30 46 56 160
96 8 15 22 24 52

192 3.2 7.0 11 8.5 16

15
24
48
96

192

&128
30
5.6

NA

&128 &128 &128 &128
50 54 65 &128
16 18 22 34
NA 5 7.2 7.5

Petrich 6 Capitella
Reisch (1979) capitella

NiC12 7.6- seawater
8.0

96-hr LC50 &50
168-hr LC50 &50



Ahsanullah
(1982)

Allorchestes NiC12. 1-1.5 cm
compressa 6H20

20.8 8.1 33.1 o/oo 96-hr LC50 34.7
168-hr LC50 12.3

Eisler 6

Hennekey
(1977)

Pagurus NiCl~. adults
longicarpus 6H25

20+0.5 7.8+0.2 20 o/oo 24-hr LC50 130
48-hr LC50 47

168-hr LC50 30

Martin et
al. (1981)

Cancer Ni(SO~). zoeae
magister 6H20 (S)

15 8.12.2 33.8 o/oo 96-hr EC50 4360

McLusky 6

Hagerman
(1987)

time (hrs)
48
96
96

192

temp C
5
5

15
5

Praunus NiCl2. ?
flexuosus 6H20 (S)

4.5
66
24
16

8

varies

salinity
9.0 13.5
160 250

46 62
16 16
12 16

o/oo
18.0

320
70
25
20

22.5 27.0
600 320
100 70

32 32
20 20

? salinity
varies

LC50 values
see table below

Bengtsson,
(1978)

Nitocra Ni
spinipes (S)

adults 20i0.5 8.0 7 o/oo sal.
1.5 meq./L
alkalinity

96-hr LC50 6.0

MOLLUSCS

Wilson (1983) Cerastoderma NiC12
edule (S)

920.5 ? seawater 120-hr LC50 0.0295

Calabrese 6

Nelson (1974)
Mercenaria
mercenaria

NiC12.
6H20

embryos
before

straight-
hinged

larvae dev'mt

2621 7.5-8.0 25 o/oo 48-hr LC50 .31



Bryant et
al. (1985)

Macoma NiC12.
balthica 7H20

varies ? variable see table

salinity (o/oo)
Temp. time (hrs) 15 25 35

C
24
48
96

192

850 1750 &2000
300 800 1600
100 380 700

36 180 300

10
24
48
96

192

750 &2000 &2000
260 600 &2000

95 560 1100
36 180 450

15
24
48
96

192

540 950 &2000
300 400 &2000
110 180 540

48 80 140

Calabrese et Crassostrea NiC12. embryos
al. (1973) virginica 6H20 (S)

26+1 25 o/oo 48-hr LC50 1.18

Calabrese 6

Nelson (1974)
Crassostrea NiC12.
virginica 6H20

embryos
before
straight-
hinged larvae dev't

2621 7.5-8.0 25 o/oo 48-hr LC50 1.18

Martin et Crassostrea
al. (1981) gigas
Eisler (1977) Mya

arenaria

Ni(SO~). larvae
6H2O (S)

NiC12. 38-49 mm

6H20 3.6-6 g

20 8.1+.2 33.8 o/oo 48-hr EC50 349

22k.5 7.952.1 30+1 o/oo 48-hr LC50 &50
96-hr LC50 &50

168-hr LC50 &50



Eisler 6 Mya NiC12. adults
Hennekey (1977) arenaria 6H20

Eisler 6 Nassarius NiC12. adults
Hennekey (1977) obsoletus 6H20

20+0.5 7.8+0.2 20 o/oo

20+0.5 7.8i0.2 20 o/oo

24-hr LC50 700
48-hr LC50 320

168-hr LC50 112

24-hr LC50 540
48-hr LC50 72

168-hr LC50 16

Martin et
al. (1981)

Mytilus
edulis

Ni(SO~). embryos
6H20 (S)

17 8.1+.2 33.8 o/oo 48-hr EC50 891

Watling 6

Watling (1982)

ANNELIDS

Perna
perna

NiCl2 60-80 mm
shell length

marine 1-hr ECSO 0.7
(filtering rate)

Eisler 6 Nereis
Hennekey (1977) virens

NiC12. adults
6H20

20i0.5 7.8i0.2 20 o/oo 24-hr LC50 320
48-hr LC50 25

168-hr LC50 25

Petrich 6 Ctenodrilus NiC12
Reisch (1979) serratus
Petrich 6 Neanthes NiC12
Reisch (1979) arenaceodentata

ECHINODERMS

Eisler 6 Asterias NiCl2. adults
Hennekey (1977) forbesi 6H20

7.6- seawater
8.0

7.6- seawater
8.0

20i0.5 7.8+0.2 20 o/oo

96-hr LC50 17

96-hr LC50 49
168-hr LC50 17

24-hr LC50 270
48-hr LC50 150



2. Chronic Toxicity

Reference Species Chemical Age/
(Test Type) Size

T
C

pH Hardness
mg CaC03/L

Effect

FRESH WATER

RADIATA

Santiago- Hydra
Fandino (1983) littoralis

CRUSTACEANS

NiC12 20-25 8. 2 70 12-day sub- 0.06
lethal
threshold

Biesinger &

Christensen
(1972)

Daphnia NiC12.
magna 6H20

12+12 hrs 18+1 7.4- 44-53
8.2

21-day LC50:
with food = 0.13
21-day EC50 = 0.095
(reproductive
impairment)

Zia &

Alikhan (1989)
Cambarus Ni(S04). post- 18 6.74 fresh
bartoni 7H20 moult water

4-week Ni exposure
Ni accum. higher than
control for [Ni]&0.4
mg/L; accum. doesn'
differ from control
for [Ni]&0.2 mg/L
accumulation 1100 ug/g
Ni at 0.4 mg/L exp. vs
600 ug/g at 0 mg/L Ni
Accumulated most in
gills, hepatopancreas,
alimentary canal, no
accum. in exoskeleton,
muscles or viscera



Kuhn et al.
(1989)

Daphnia
magna

Ni 24 hrs old 20
acetate

(S)

7 ~ 6-
7.7

21-d NOEC 0.09

Munzinger Daphnia
(1990) magna

ANNELIDS

NiC12 24-44 hrs 20.51.5
released by
adults 12-25
days old; tests

over 7 generations

7 ~ 7
7.9

62-76 tests over 7 genera-
tions; at [Ni]=160
ppb l life span, body
length; t size of
first brood, size of
population increase, g
ovigorous animals,
total g of progeny of
cohort; mortality
always (104; 240 ppb
Ni caused l life span
and body length; t Ni
t brood size; 280 ppb
Ni, 1 less brood in
subsequent generations
adaption to Ni:
smaller organism, more
energy to reproduction
larger broods, shorter
life span, less broods

Brkovic-Popovic Tubifex Ni(SO4).
6 Popovic (1977b)tubifex 7H20

20 t'd respiration 0.9
at 6-hr exp.



INSECTS

Nebeker et al Clistoronia NiC12 larvae to
(1984) magnifica adult (3

generations)

Powlesland 6 Chironomus Ni eggs,
George (1986) riparis (S) various

AMPHIBIANS

14.5-
16

22+1

6.8- 5428
7.4

8.2- 247-
8.9 267

no emergence of adult
in Ni&0.69 mg/L;
reduced for Ni&0.14;
4 larvae survival
for Ni&1.7 mg/L;
g larvae observed:
generation2 (8 months)
control (0 ppb Ni): 86
66 ppb Ni: 244
144 ppb Ni: 11
&250 ppb Ni: 0

up to 25 mg/L had no
effect on egg hatching
at &5 mg/L Ni larvae
development retarded
in some individuals,
at &15 mg/L 1004
mortality in 30 days;
mean larval length l
by Ni at h2.5 mg/L
(in 30 d); suggested
MATC ~ 1.1 mg/L

Hilmy et al. Bufo Ni2+
(1990) regularis injected

27 na na 96hr Ni-caused effects
t asparate
aminotransferase
activity, alanine
aminotransferase
activity, urea conc.,
uric acid conc.,
serum total protein



W W W W W

Hilmy et al.
(cont'd)

MARINE

levels, creatinine
concentrations, serum
glucose conc.;

alkaline phosphatase
activities
Addition of EDTA to
toad provides
protection against,
above disturbances,
cyclam and 2,3,2 tet
do not protect

CRUSTACEANS

MacDonald et Cancer
al. (1988) anthonyi

7 (S) setae-bearing 20 7.8 34 o/oo
embryos in yok,
4-lobed stage

see table below

MOLLUSCS

embryo mortality
embryo hatching

0.01
ND

Ni concentration (mg/L)
0.1 1 10 100 1000

ND 4.8 49.3 52.3 100
83 5.2 0 (all embryos died)

Calabrese et
al. (1977)

Calabrese et
al. (1977)

Mercenaria NiC12. straight-
mercenaria 6H20 hinged

larvae

Crassostrea NiC12. straight-
virginica 6H20 hinged

larvae

25+1 7.0-8.5 24+2 o/oo

2511 7.0-8.5 24i2 o/oo

8-10 day. LC50
embryo 0.3
larvae 5.7

12-day LC50
embryo 1.2
larvae 1.2



Stromgren
(1982)

ANNELIDS

Mytilus
edulis

NiC12 12-16 mth
19-29 mm

6.8 32.2 o/oo no effect, 0.2
on growth
after 8 days exp.

Petrich 6 Ctenodrilus NiC12
Reish (1979) serratus

ECHINODERMS

Timourian 6 Lytechinus NiCl2
Watchmaker (1972) pictus

embryos 18-20
various stages

7.6- seawater l'd reproduction &0.5
8.0 after 28 days

? seawater normal develop't 630
to blastula
stage

gastrulation: stopped by 630 mg/L Ni,starts and stops at 63 mg/L Ni,
arrested midstage by 6.3 mg/L,
no effect by 0.63 mg/L



APPENDIX C: TOXICITY OF Ni TO AQUATIC FLORA

Reference

FRESH WATER

CHLOROPHYTA

Species Chemical T
(Test Type) C

pH Medium Effect

Chaudhary 6 Closterium
Sastry (1988) moniliferum

NiC12 22il

[Ni]
2
4
5

Chu-10
medium

6 absorption by cells
Time -(hr)

6 12 24 48 72
9.0 14 17 25

2.7 10.7 13.3 16.0 19.7
3.6 11.2 9.0 17.4 19.8

Sheath et
al. (1982)

Chlamydomonas Ni in
acidiophila ponds
+13 other
species (see effects)

species Ni and acid tolerant
(from Smoking Hills):
also Cosmarium granatum,
Cosmarium sp., Oocystis
solitaria var. Major,
Euglena mutabilis
Eunotia arcus, E. glacialis,
Navicula tuscula, Nitzschia
communis, N. palea, Nitzschia
spp., Pinnularia molaris,
Cryptomonas ovata, Cryptomonas
spp. (all above species occur
naturally in acid ponds with
fNi]=0.025-80 mg/L)

Hutchinson Chlamydomonas Ni(NO3)2 20-25 6.8
(1973) NiSO4

l growth after 12 days at
&0.5 mg/L



Hutchinson
(1973)

Chlorella Ni(NO3)2 20-25
NiSO4

6.8 l growth after 12 days at
&0.3 mg/L

Wong 6

Wong (1990)
Chlorella
pyrenoidosa

NiSOg.
6H 5,

Nicfq.
6H25

25+2 6.8 modified
complete
medium

growth in [Ni]& 8 mg/L for
both Ni forms after 14 days;
highest no-effect conc. 4 mg/L
lowest conc. having effect:
8 mg/L

Hutchinson
et al.
(1981)

Den Dooren
De Jong
(1965)

Chlorella
saccharophila

Chlorella Ni(NO3)2.
vulgaris 6H20

3 ~ 5-
8.0

Bold's
basal
media

in dark

Ni no effect on growth up to
100 mg/L; species from Smoking
Hills (acid metal tolerant,)

highest [Ni] tolerated=0.007
mg/L, lowest inhibitory [Ni]
=0.017 mg/L

Devi Prasad 6 Scenedesmus NiC12 23il
Devi Prasad obliquus
(1982)

Chu-10
medium

l growth at 1.5-2.0 mg/L Ni
504 growth at 3-5 mg/L
slight t growth at low light
levels at 0.1-0.5 mg/L;
not lethal up to 10 mg/L

Hutchinson
(1973)

Scenedesmus Ni(N03)2 20-25 6.8
Nis04

growth after 12 days at
20.1 mg/L

Stokes
(1975b)

Stokes
(1981)

Scenedesmus
acutiformis
var. alternans
Scenedesmus NiC12,
acutiformis NiS04
var. alternans

22+2

6.8 composition
described

growth 534 of control after
6 days in 1 mg/L Ni; 18% in
3 mg/L

[Ni] reducing cell g to.504:
lab strain=0.05, Sudbury lake
strain=0.3 mg/L



Stokes
(1981)

Scenedesmus NiS04
acutiformis
var. alternans

[Ni] mg/L
0
0 '5
0.50
1.0
1 '
2 '

28

lab strain
100

78
84
95
88
84

6.8 composition
described

lake strain
100

89
93
98
92

101

growth with EDTA added: see
table below
[Ni] that l growth signif.:
lab strain at &0.5 mg/L
lake strain at & 1.6 mg/L
lake strain show t Ni toler.
in [Ni]=0.25-1.5 mg/L

EDTA protects algae from Ni
(refer to table); no signif.
growth reduction up to 2 mg/L
Ni with EDTA present

Spencer 6 Scenedesmus Ni(II) 25
Nichols (1983) quadricauda (S)

Spencer 6 Scenedesmus Ni(N03)2 20
Greene (1981) quadricauda (S)

7. 2+ AAN
0.2 medium

7.2

EDTA, NTA 4 toxicity fo Ni
at [Nl]=0.6 mg/L, growth
inhibited with [EDTA]at 61.
mg/L; EDTA 6 NTA complex Ni

growth l after 14 days at
[Ni.]&0.1 mg/L

Kuhn 6

Pattard
(1990)

Scenedesmus Nickel 2421
subspicatus acetate

formula
given

EbC50: 50% inhibition based on
biomass; EuC50: 50% inhibition
based on growth rate;
48-hr EbC50 = 0.80 mg/L Ni
72-hr EbC50 = 0.35
96-hr EbC50 = 0.36
48-hr EuC50 = 5.0
72-hr EuC50 = 3.0

Spencer 6 Scenedesmus Ni(NO3)2 20
Greene (1981) dimorphus (S)

Epencer 6 Anxietrodemue Ni(ND ]6 20
Greene (1981) falcatus (6

7.2

7 ~ 2

growth l after 14 days at
[Ni]&0.1 mg/L

growth l after 14 days at
[Ni]&F 1 mg/L



Spencer 6 Ankistrodemus Ni(NO~)2 20
Greene (1981) falcatus (Sf

var. acicularis
7.2 growth l after 14 days at

[Ni]&0.1 mg/L

Devi Prasad 6
Devi Prasad
(1982)

Spencer 6

Nichols
(1983)

Ankistrodemus NiC12 23+1
falcatus

Ankistrodemus Ni(II) 25
falcatus (S)

Chu-10
medium

7. 2+ AAN
0.2 medium

growth at 1.5-2.0 mg/L Ni
50% growth at 5-10 mg/L
slight t growth at low light
levels at 0.1-0.5 mg/L
not lethal up to 10 mg/L

EDTA, NTA l toxicity
at [Ni]=0.6 mg/L, growth
inhibited with [EDTA]&1.1
mg/L& EDTA 6 NTA complex Ni

Devi Prasad 6 Chlorococcum NiC12 23tl
Devi Prasad spp.
(1982)

Hutchinson Haematococcus Ni(N03)2 20-25 6 '
(1973) NiSO4

Chu-10
medium

l growth at 1.0-1.5 mg/L;
50% growth at, 3-5 mg/L!
slight t growth at low light
levels at 0.1-0.5 mg/L;
not lethal up to 10 mg/L

l growth after 12 days at
&0.3 mg/L

Spencer 6 Pediastrum Ni(N03)2 20
Greene (1981) tetras (S)

7.2 l growth after 14 days at
[Ni]&0.1 mg/L

EUGLENOPHYTA

Hutchinson Euglena
et al. mutabilis
(1981)

3-6 Bold's
basal
media

no effect on growth up to
50 mg/L (species from Smoking
Hills; acid 6 metal tolerant)



CYANOPHYTA

Mallick 6 Anabaena
Rai (1990) doliolum

Spencer 6 Anabaena
Greene (1981) cylindrica
Spencer 6 Anabaena
Greene (1981) flos-aquae

NiC12.
6H20

Ni(NOq)2 20
(sl

Ni(NO~)2 20
(s)

7.2

7.2

LC50 = 0.5 mg/L
696 l in CO uptake
after 2 hr
57-626 l in nutrient
uptake after 72 hr
46-694 l in N
metabolism after 72 hr
61% 4 in alkaline
phosphatase activity
no growth reduction after 14
days at [Ni] 5 0.6 mg/L

growth reduction after 14
days in [Ni]=0.6 mg/L

Stratton 6

Corke
(1979a)

Anabaena
inaequalis

NiC12. 22
6H30

( )

BG11
medium

growth unaffected at 0.025
mg/L Ni, inhibited at 0.05
mg/L Ni
cell lysis observed at
&0.25 mg/L Ni, acetylene
reduction 4 at &1 mg/L Ni,
inhibited 924 by 10 mg/L Ni
photosynthesis inhibited by
&0.5 mg/L Ni, inhibited 93%
by 10 mg/L NI

Whitton 6
Shehata
(1982)

Anacystis Ni(II) 32
nidulans (S)

7+ basal
0.15 growth

media

sub-culturing resulted in Ni-
tolerant strain; wild Ni
tolerance=0.16 mg/L, lab Ni
tolerance=1.3 mg/L; Cu, Cd-
Cd,Cu-tolerant strains show t
Ni tolerance; Co,Zn-tolerant
strains show no t tolerance



SPERMATOPHYTA

Taraldsen 6 Lemna minor Ni
Norberg-King
(1990)

24. 5-
25.6

7 3-
7.6

39 chronic value (determined from
acute tests, geometric mean of
LOEC, NOEC):

chlorophyll=0.175 mg/L
fronds at &0.251 mg/L

Wang (1987) Lemna minor NiCl2. 25-28
6H20

30 96-hr EC50 = 0.33 mg/L
Ni toxicity much higher
in soft water samples;
hardness accounts for
494 of variation in Ni
toxicity

Wang (1986) Lemna minor Ni2+ 27i2 7.5 96-hr EC50 0.45 mg/L

NATUiUQ PHYTOPLANKTON ASSEMBLAGES

Patrick et
al. (1975)

Diatom-
dominated
natural
assemlages

16.2-21.3 some alteration of species
composition with increasing
Ni, no effect on C-14 uptake
up to 1 mg/L, constant
accumulation up to 1 mg/L Ni



MARINE

CHLOROPHYTA

Michnowicz & Selenastrum NiCl
Weaks (1984) capricornutum 6H2

CHRYSOPHYTA

12 varies 29-30 o/oo when exposed to 0.4 mg/L Ni
growth lowest at pH 4 & 6,
highest at 8 & 10

Hollibaugh et Thalassiosira NiCl2
al. (1980) aestevalis

12-16 seawater in chlorophyll
at 0.058 mg/L Ni; lag phase
.observed after 5 days

Thomas et Thalassiosira NiC12 12
al. (1980) aestevalis (S)

29-30 o/oo at 0.059 mg/L got normal &

short chains & single cells,
(104 aberrant frustules

Tadros et
al. (1990)

Amphiprora NiC12. 30i2
coffeiformis 6H20

8-8.2 Guillard
medium &

seawater
20 o/oo

96 hrs: growth = 804 of
control at 0.009 mg/L;

Tadros et
al. (1990)

Amphiprora
hyalina

NiC12. 30i2
6H20

8-8.2 Guillard
medium &

seawater
20 o/oo

96 hrs: growth = 804 of
control at 0.0006 mg/L;
404 of control at 0.006 mg/L

Tadros et
al. (1990)

Cylindrotheca NiC12. 3012
spp. 6H20

8-8.2 Guillard
medium &

seawater
20 o/oo

96 hrs: growth = 654 of
control at 0.0006 mg/L;

Tadros et Chaetoceros NiC12.
al. (1990) muelleri 6H20

3012 8-8 ' Guillard
medium &

seawater
20 o/oo

96 hrs: growth = 804 of
control at 0.0006 mg/L;
404 of control at 0.006 mg/L



Tadros et
al. (1990)

Cyclotella NiC12. 30i2
crypta 6H20

8-8.2 Guillard
medium 6

seawater
20 o/oo

96 hrs: growth = 80% of
control at 0.0006 mg/L;

354 of control at
& 0.003 mg/L; growth
almost nil at &0.006 mg/L

Tadros et
al. (1990)

Navicula NiC12.
acceptata 6H20

30+2 8-8. 2 Guillard
medium 6
seawater
20 o/oo

96 hrs: growth &704 of
control at 20.006 mg/L

Tadros et
4R1. (1990)

Navicula
saprophila

NiC12.
6H20

3012 8-8.2 Guillard
medium 6
seawater
20 o/oo

96 hrs: growth &404 of
control at 20.0006 mg/L

Fezy et al. Navicula
(1979) pelliculosa

Ni(N03)2 20 7.2 medium
itemized

toxic threshold (14 days) &0.1
mg/L Ni; I'Ni] 0.1-0.6 mg/L l
growth 104 compared to
controls

Tadros et
al. (1990)

Nitzschia
dissipata

NiC12.
6H20

30i2 8-8 ' Guillard
medium 6
seawater
20 o/oo

96 hrs: growth &704 of
control at 20.0006 mg/L

Tadros et
al. (1990)

Tadros et
al. (1990)

Nitzschia NiC12. 30+2
inconspicua 6H20

Nitzschia NiC12. 30+2
pusilla 6H20

8-8.2

8-8.2

Guillard
medium 6

seawater
20 o/oo

Guillard
medium 6

seawater
20 o/oo

96 hrs: growth &80% of
at &0.0006 mg/L

96 hrs:'growth = 804 of
control at 0.0006 mg/L;
growth = 604 of control
at &0.003 mg/L



APPENDIX D: ACUTE/CHRONIC TOXICITY OF Ni MIXTURES

1 ~ Fish

Reference Species Chemical Age/
(Test Type) Size

T
C

pH Hardness
mg CaCO3/L

Effect [Cr]
mg/L

Anderson
(1981)
(abstract)

Salmo NiSO
gairdneri 6H h/

1.8-24.2 g 8-12.5
4.6-11 cm

synergistic except
57.9-95 when Cl=5.6 ug/L,

then additive

Brown (1968) Salmo Zn,Cu,Cd,Pb,Ni-
gairdneri NH3,phenol,HCN

15 7.62 -15-320 predicted ™18-80
48-hr LC50
as a function
of hardness

Brown 6 Salmo Cu,phenol,Zn 1 yr 15.3-18.4 7.3-7.5 240
Dalton (1970) gairdneri NiSO .6H20 143219 mm

(S ) 33.5+13.6 g

Cherry et al. Salmo Cd01 FN1012, FL=52-80 20
(1987) gairdneri K2 ro07, mm

coal i'ly aeh

additive interaction
50% 5.44
754 8.00
904 9.60
100% 10.67
1204 12.80
1804 19.20
of 48-hr LC50
for mixture

SEE PAPER

Marking
(1977)

Salmo Cu/Zn/Ni
gairdneri 1:1:1

12 soft 96-hr LC50 15.2
'additive'



Anderson et
al. (1979)

Salmo Ni/V/phenol
gairdneri NiS04

12+1 7.9+0.1 125 V and Ni response not
additive; interaction
occurs (antagonism)
Ni+V+phenol interact:
synergistic response

Gottofrey
et al. (1988)

Salmo NiC12/ 1 yr 10+.5
trutta K-ethylxanthate 3-6 g

or Na-diethyl- 6-9 cm
dithiocarbamate

7.0 Na-diethyl .0001/.01
enhanced Ni
uptake in most
tissues after
1 or 3 wks
exposure to [Ni]

Reader et Salmo Al,Cd,Cu,Fe alevins 10+1 6.6-6.7
al. (1989) trutta Mn,Ni,Pb,Zn 3-6 days

-100% survival 170 nmol
after 30 day
exposure

Laskowski-Hoke Pimephales
6 Prater (1981) promelas

L. Michigan MULTIVARIATE STATISTICAL ANALYSES
sediment
elutriate

Muramoto
(1983)

Cyprinus
carpio

NiCl~.
6H207

+ EDTA

+ NTA

7.5-8.5 14.5-
cm 16.5

11.5-12.5
g

7.1-7.4

7.5-8.4

7.4-8.3

0% death
204 death
604 death
at 24 hr
0% death
104 death
204 death
at 24 hr
04 death
0C death
0% death
at 24 hr

10
20
30

10
20
30

10
20
30



NiSOg.
6a2OP

7.5-8.5 14.5- 7.1-7.4 0% death
cm 16.5 10% death 20

11.5-12.5
g

10Muramoto (cont'd)
(1983)

+ EDTA

+ NTA

304 death
at 24 hr

7.5-8.4 04 death
104 death
04 death
at 24 hr

7.4-8.3 04 death
04 death
04 death
at 24 hr

— EDTA and/or NTA sig. decreased Ni accumulation in various tissures of fish

30

10
20
30

10
20
30

Markarian et
al. (1980)

Catostomus
commersoni

Ni/Cu/Zn/ 3.9 g 19+2 6.6-7.7 225
Al 8.4 cm

4.5-5.0

TLM hrs
[Ni]=2.4 mg/L

Ni/Cu/Zn/Al 23.7
Ni/Cu/Zn 12 '

[Ni]=.3 mg/L
Ni/Cu/Zn/Al &1000.0
Ni/Cu/Zn 588.2

[Ni]=2.4 mg/L
Ni/Cu/Zn/Al &1000.0
Ni/Cu/Zn &1000.0

[Ni]=0.3 mg/L
Ni/Cu/Zn/Al 185.9
Ni/Cu/Zn 49 '

LeGore 6 Gasterosteus Duwamish 1911
DesVoigne (1973) aculeatus waterway (Seattle)

sediment
suspensions fry

no effect after
96-hr exposure
to 30,000 mg SS/L



Kszos et
al. (1990)

Cherry et al.
(1987)

Lepomis Chautauqua YOY 18.8-20.1 7.37-7.87
macrochirus Lake Bridge 1.03+0.5 g

runoff 4.37k.69 mm
Zn&Fe&Pb&Cd
&Ni&Cu&Cr

Lepomis (CH3COO)2Pb FL=60-123 20
macrochirus ZnSO4, CuSO4 mm

92-470 sig. less 46.2-70
survivorship
when exposed to
50% dilution of
winter runoff
NaCl major
contributor to
toxicity
SEE PAPER

Anderson 6

Weber (1976)
Poecilia Nicl2 varies
reticulata

25 7.0 124 Ni+Cu additive

Khangarot 6
Ray (1990)

Poecilia
reticulata

Nic1 . 12-17 27-30 7.4-7.6 165-200
6H 0 mm

K~Fr~07 160-200
$ SRf mg

48-hr LC50 24.7
96-hr LC50 16.5
acute toxicity is
additive since NAI
ns diff. 0

Hutchinson 6 Jordanella Al,Mn,Fe,Ni, 8-10
Sprague (1986) floridae Zn,Cu,Pb days

(FT)

25+1 5.8 5 ' 1004
reproductive
failure at 0.57
of [] in acid waters
but mixture of Al
Zn, 6 Cu only gives
same effect

Khangarot 6

Durve (1982)
Channa
punctatus

NiSO4/ 1.891.57 g17.5-21.5 6.8-7.8 250-270
ZnSO~ 56.7+5.1 mm
0.5:5.5

(S)

804 death
at 48 hr
so mixture
& additive

18.5/
15.4



LeGore 6 Oncorhynchus Duwamish 13fl
DesVoigne (1973) kisutch waterway (Seattle)

sediment
suspensions

fry

no effect after
96-hr exposure
to 40,000 mg SS/L

Singh 6
Sivalingam
(1982)

Sarotherodon NiC12/ 20-34 g
mossambicus+ others

addition of Ni to Cr
increased inhibitory
effect of Cr on
catalose activity but
addition of Ni
to Cu decreased
its toxic effect

Khangarot et
al. (1981)

Lebistes NiC12.
reticulatus 6H~O +

Zn7Cu

184 mg 18-22 6.8-7.8 250-
1.5 cm 270

Ni+Zn: where [Ni]&[Zn]
synergistic toxicity,
with [Ni]&[Zn] antag-
onistic toxicity
Ni+Cu: synergistic
toxicity always;
Ni+Cu+Zn: additive
toxicity results

Verma et al.
(1982)

Mystus Ni
vittatus with

Zn 6 Cr

80-100 mm
6-10 g

7.3 alk 52.5 96-hr TL50s
Cr/Ni, 125
(Zn+Ni)/Cr, 245
(Ni+Zn)/Cr, 100
(Cr+Zn)/Ni, 245
(Zn+Cr)/Ni all 175.2
synergistic
Zn/Ni, Ni/Zn, 240,20.9
Ni/Cr, 230.5
(Cr+Ni)/Zn, 40.0
(Ni+Cr)/Zn all 25.0
antagonistic



Onwumere 6 Oreochromis refinery -1 mth 22-23 7-7.3 63-78
Oladime)i (1990) niloticus effluent

Ni 1 of least &0.01
accumulated metals
fin hemorraging,
caudal fin erosion,
6 gill damage seen
[Ni] in fish
related to [Ni] in
effluent



2. Invertebrates
Reference Species Chemical Age/

(Test Type) Size
T

C
pH Hardness

mg CaC03/L
Effect [Ni]

mg/L

PROTOZOANS

Dive et
al. (1989)

NEMATODES

Vranken et
al. (1988)

Colpidium Ni nitrate
campylum
(ciliate)

Monhystera Ni +
disjuncta Cu/Zn

120 J2 17
larvae

8.15 mineral Ni, Cr(VI) additive
medium Ni-Cd antagonistic

Ni-Cu additive

30 o/oo antagonistic with Zn
more antagonistic
with Cu

MOLLUSCS

Keller 6

Zam (1991)
Anodonta NiS04.
imbecilis 7H20

1-2 day 23+3 ?
juveniles

soft water

moderately
hard water

48-hr LC50
Ni+Zn
additive

96-hr LC50
Ni+Zn
additive

.128,.217

.088,.162

Jenner 6 Macoma Ni in
Bowmer (1990) balthica sediments

(FT)

25-30 o/oo [Ni] in sediment
= 10-63 ug/g

[Ni] in sludge = 46
after 90 day exp:
accumulated &2X t
over control



ANNELIDS

Wiederholm 6

Dave (1989)
Tubifex
tubifex

Ni in
sediments
+ other
metals

6-7 days 20
old

8+0.2 250 mg/L
CaC03

for metals in sediment
see table 1
contaminated sediment

weight, survival,
0 young after 270 days

Jenner 6 Arenicola Ni in
Bowner (1990) marina sediments

(F)

CRUSTACEANS

marine
25-30 ppt

[Ni] in sediment 10-63
ug/g; in sludge 46;
after 90 day exposure:
Ni accumulated some,
&2 x increase over
control

Windom et
al. (1982)

Wiederholm 6

Dave (1989)

Hoke 6

Prater
(1980)

Capitella Ni in food "Type 1" 20fl
capitella (detritus

from seaweed)
+ Al/Cd/Co/Cu/
Fe/Pb/Mn/Hg/Rb/
Ag/Sr/Zn

Daphnia Ni in 6-7 days 20
magna sediments old

+ other
metals

Daphnia Ni in instar
magna sediment immatures

+ many other metals

810.2 250 mg/L
Cac03

Ni detritus content
2.1-13 ug/g dry wt. Ni
Capitella content
4-17 ug/g dry wt. Ni
accumulation t with

t nitrogen availability
for metals in sediment
see table 1
24, 48 hr LC50s:
control: 10-12.54 sed.
contam.: 0.5-14 sed.

[Ni] elutriated from
sediment not correl-
ated with 4 mortality



Laskowski-Hoke
6 Prater
(1981)

Daphnia
magna

Ni in
sediment
+ Cu/Cr/Pb/Fe/Cd/Mn/Zn/Ba/As/Hg
+ N03/NO2/Cl/S04/CN

poor correlations
between [Ni) released
by sediment or in
sediment, 6 mortality

Malueg et Daphnia
al. (1984a) magna

Malueg et Daphnia
al. (1984b) magna

sediments &24 hr 20
Keweenaw
Waterway
Michigan
north basin
Cr/Cu/Cd/Hg/
Ni/Pb/V/Zn/
Al/Mn/Fe

sediments &24 hr
Elk Lake
Wisconsin
Cr/Cu/Hg/Ni/
Pb/Zn/Cd

25 higher death 63-
in contaminated 130
sediment than ug/g
in south basin
after 2 6 9-10
days exposure

24-27 low death after 19-
2 & 9-10 day 350
exposure ug/g

Torch Lake
Michigan
Cu/Cr/Ni/Pb
V/Zn/Sr

almost 1004
death after
2 6 9-10 day
exposure

150
ug/g

Havas 6

Hutchinson
(1982a)

Daphnia
midden-
dorffiana

L. Grizzly
Creek
California
Cu/Zn/Hg/Sr/
V/Cr

Pond water
(Smoking

Hills)
Ni+ Al/Fe/Mn/
Zn/Cd/U/As

1004 death after 22-
2 6 9-10 day exp. 63

ug/g

12-18 varies control: [Ni] (mg/L):
95, control 0.005,
fumigated fumigated 0.20.
0 low pH toxic; &4

caused 100% mortality



Havas 6

Hutchinson (cont'd)
in 50 hours in control
&4.5 in fumigated H 0
when 0.2 mg/L Ni edited
to control water at pH
4.5 mortality j from
654 to 20% after 140
hours

Havas 6

Hutchinson
(1982a)

Havas 6
Hutchinson
(1982a)

Diaptomus Pond water
arcticus (Smoking

Hills)
Ni+ Al/Fe/Mn/
Zn/Cd/U/As

Branchinecta Pond water
paludosa (Smoking

Hills)
Ni+ Al/Fe/Nn/
Zn/Cd/U/As

12-18 varies

12-18 varies

control:
95,
fumigated
0

control:
95,
fumigated
0

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
low pH toxic; &4
caused 1004 mortality
in 50 hours in control
&4.5 in fumigated H20

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
low pH toxic; &4
caused 1004 mortality
in 50 hours in control
&4.5 in fumigated H20

Lee 6
Nariana (1977)

Verriopoulos
6 Dimas (1988)

Palaemonetes Ni in young
pugio sediment adults

+ other metals
(S)

Tisbe Ni(CH3COO)2
holothuriae Ni.4H 0
(copepod) + Cd/Cu/5r/

Pb/Zn

20

22+0.5

varies synthetic
7.0-8.1 seawater

28.2-29
o/oo

38 o/oo
synthetic
seawater

sediment Ni 9.5-43
ug/g; all tests with
sediment, had no toxic
effects
48-hr LC50 Ni: 2.58
Ni+Cu: synergistic
Ni+Cd: potentiation
Ni+Zn: synergistic
NitPb: potentiation
Ni+Cr: synergistic



Havas 6

Hutchinson
(1982a)

INSECTS

Lepidurus Pond water
arcticus (Smoking

Hills)
Ni+ Al/Fe/Mn/
Zn/Cd/U/As

12-18 varies control:
95,
fumigated
0

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
low pH toxic; &4
caused 1004 mortality
in 50 hours in control
&4.5 in fumigated H20

Laskowski-Hoke Hexagenia Ni in
6 Prater limbata sediment
(1981) + Cu/Cr/Pb/Fe/Cd/Mn/Zn/Ba/As/Hg

+ N03/N02/Cl/S04/CN

poor correlations
between [Ni] released
by sediment or in
sediment and mortality

Malueg et
al. (1984a)

Hexagenia
limbata

sediments 2.7 cm
Keweenaw
waterway
Michigan
north basin
Cr/Cu/Cd/Hg/
Ni/Pb/V/Zn/
Al/Mn/Fe

20 25 no diff. in II

mortality from
south basin after
10 day exposure

Malueg et
al. (1984b)

Hexagenia
limbata

sediments &24 hr
Elk Lake
Wisconsin
Cr/Cu/Hg/Ni/
Pb/Zn/Cd

24-27 no death after
10 days exp.

19-
350
ug/g

Torch Lake
Michigan
Cu/Cr/Ni/Pb
V/Zn/Sr

404 death after 150
10 day exposure ug/g



Nalueg et
al. (cont'd)
(1984b)

L. Grizzly
Creek
California
Cu/Zn/Hg/Sr/
V/Cr

90-100% death
after 10 days

22-
63
ug/g

Hoke
Prater
(1980)

Havas 6

Hutchinson
(1982a)

Havas 6
Hutchinson
(1982a)

Wren (1982)

Hexagenia Ni in instar
limbata sediment immatures

+ many other metals

Orthocladius Pond water
consobrinus (Smoking

Hills)
Ni+ Al/Fe/Nn/
Zn/Cd/U/As

Limnephilus Pond water
pallens (Smoking

Hills)
Ni+ Al/Fe/Mn/
Zn/Cd/U/As

Chironomids Ni in lake
water (effect
of liming)

12-18 varies

12-18 varies

control:
95,
fumigated
0

control:
95,
fumigated
0

[Ni] elutriated from
sediment well correl-
ated with 4 mortality
1004 mortality occurs
at [Ni]&0.03 mg/L
time not specified

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
larvae sensitive to pH
&4.0

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
larvae sensitive to pH
&4.0

Ni 6 Cu ma)or metals
present; after liming
Ni levels rose from
1.7 to 3.01 mg/L;
concurrently g benthic
organisms l signif.



Havas 6
Hutchinson
(1982a)

ECHINODERMS

Chironomus Pond water
riparus (Smoking

Hills)
Ni+ Al/Fe/Mn/
Kn/Cd/U/As

12-18 varies control:
95,
fumigated
0

[Ni] (mg/L):
control 0.005,
fumigated 0.20.
chironomus tolerant to
all pH's

Jenner 6 Cerastoderma Ni in
Bowmer (1990) edule sediments

(F)

25-30 o/oo [Nij in sediment 10-63
ug/g; in sludge 46;
after 90 day exposure:
Ni accumulated some,
&2X t over control



3. Aquatic Flora

Reference Species Chemical T
(Test Type) C

pH Hardness
mg CaC03/L

Effect fcr]
mg/L

NATAL ASSEMBLAGES

Wong 6

Chau (1988)

Munawar et
al. (1985)

indigenous
from Lake
Ontario

various
indigenous
L. Ontario

NiSO
Ni/C5/Cr/
Cu/Hg/Zn/
As/Fe/Pb/
Se

sed iment-
contains Ni+
Pb/Zn/Cu etc.

mixture of As/Fe/Pb/Ni/Se
stimulates growth (120%)
[Ni]=0.00.025 mg/L

fresh 4 sediment sites vary 27-44
ug/g; release into water after
4 hours &0.0003 to 0.0021 mg/L
Ni; metals released by

sediment toxic to algae for 3
of 4 sites

I

Munawar et
al. (1983)

various Ni+other
indigenous metals in
Niagara River sediment

[Ni] in sediment 65-80 ug/g
dry wt.; sediment with 80 ug/g
Ni more toxic than one with
60 ug/g but other metals also
higher concentrations;
toxicity visible at 10% conc.
of elutriate

Sudhakar 6 various Ni in
Venkateswarlu indigenous water
(1989) India Rivers 6 effluent

species composition changes
before effluent entry and
after effluent in gradient

Munawar 6 various
Munawar (1982) indigenous

Great Lakes

Ni+other
metals in
sediment

nanoplankton 6 ultraplankton
most sensitive to metals
effect evident at 0.0125 mg/L



Munawar 6 various: Ni+other
Thomas (1989) ultraplankton/ metals in

microplankton/ sediment
netplankton (S)

Wong et al. various Ni+ As/ 20
(1982) natural Cd/Cr/Cu/Fe/

assemblage Pb/Hg/Se/Zn
Lake Ontario

CHLOROPHYTA

modified
Chu medium

[Ni] in sediment 14-114 ug/q
dry wt.; &0.001 mg/L in
elutriate from Toronto sed.;
Toledo Harbour sed.: 30-40
ug/g dry wt., &0.005 mg/L in
elutriate; all elutriates
caused growth inhibition in
ultraplankton - to 384
inhibition
metal levels=Water Quality
Ob)ectives at 1004 strength;
growth (4 control, 4 hours)
in 10% strength: 864
in 504: 774
in 1004: 594

Stokes (1974) Chlorella
vulgaris

Ni in
lake water

Bold's
Basal Med.

Kelley L. and Boucher L. have
2 mg/L Ni; Kelley high organic
N, Boucher low organic N.
after 10 days growth 224 of
control in Kelley water, 44 in
Boucher Lake

Wong et al. Chlorella Ni+ As/ 20
(1978,1982) pyrenoidosa Cd/Cr/Cu/Fe/

Pb/Hg/Se/Zn

modified
Chu medium

metal levels=Water Quality
Objectives at 1004 strength;
growth (4 control, 4 hours)
in 104 strength: 714
in 50%: 59%
in 100%: 454



Wong et al. Scenedesmus Ni+ As/ 20
(1978,1982) quadricauda Cd/Cr/Cu/Fe/

Pb/Hg/Se/Zn

modified metal levels=Water Quality
Chu medium Objectives at 1004 strength;

growth (4 control, 4 hours)
in 104 strength: 664
in 504: 41%
in 100%: 31%

Stokes
(1975a)

Chau 6

Wong (1976)

Scenedesmus Ni in
Sudbury lake
water

Ankistrodesmus Ni in lake 20
falcatus water

(S)
+Zn/Cu/Pb

12 Sudbury-area
lakes; hardness
11-479

Ni and Cu studied; each makes
the other more toxic
(synergistic)
all waters exhibit some
degree of growth inhibition
after 7 days (0-214 of
control); approx. relation-
ship between complexing
capacity of lake and algae
growth

Devi Prasad
Devi Prasad
(1982)

6 Ankistrodemus NiC12 2
falcatus +CdS04,

Pbcl2
4 change in
[Cd] mg/L

[Ni] mg/L 0.5 2.0

0.5 +24 -10
2 ' + 5 -14
5.0 -25 -41

growth

5.0

-20
-35
-.64

Chu-10 medium

from control (10 days)
[Pb] mg/L

0.5 2.0 5.0

+10 -11 -34
-11 -26 -55
-24 -47 -81

for effect, on growth see
table below



CYANOPHYTA

Stratton 6 Anabaena
Corke (1979b) inaequalis

Ni2+ 22
d2+ Hg2+

media
described
elsewhere

individual toxicity: Hg»Ni&Cd
Hg+Ni synergistic unless Ni
added first, in which case
antagonism results at first.
Ni+Cd antagonistic; order of
addition has no effect.
Ni+Hg+Cd: some antagonism, Cd
6 Ni tend to protect against
Hg toxicity

Wong et al. Anabaena Ni+ As/ 20
(1978,1982) falcatus var Cd/Cr/Cu/Fe/

acicularis Pb/Hg/Se/Zn

Wong et al. Anabaena Ni+ As/ 20
(1982) flos-aquae Cd/Cr/Cu/Fe/

Pb/Hg/Se/Zn

CHRYSOPHYTA

Hollibaugh et Thalassiosira NiCl2 12
al. (1980) aestevalis

modified
Chu medium

modified
Chu medium

seawater

metal levels=Water Quality
Objectives at 100% strength;
growth (4 control, 4 hours)
in 104 strength: 85%
in 504: 484
in 100%: 37%
uptake of 14C-AIB only 754
of control after 24 hrs

metal levels=Water Quality
Objectives at 1004 strength;
nitrogenase activity (4
change from control, 4 hrs)
in 100%: 74%
in 10004: 37%

Thomas et
al. (1980)

Thalassiosira NiC12 12
aestovalis and Cu

29-30 o/oo Cu and Ni additive toxicities



Wong et al. Navicula Ni+ As/ 20
(1978,1982) pelliculosa Cd/Cr/Cu/Fe/

Pb/Hg/Se/Zn

modified metal levels=Water Quality
Chu medium Objectives at 1004 strength;

growth (4 control, 4 hours)
in 104 strength: 84%
in 50%: 76%
in 100%: 45%

Ho (1990)

SPERMATOPHYTA

Viva lactuca Ni in
field +
Mn/Fe/Cu/Zn
Cd/Pb

marine low levels in algae; either
Ni contamination low or Ni
not bioavailable

Taraldsen 6 Lemna
Norberg-King minor
(1990)

Ni in 25
effluent
+ NiC12.6H20

varies effluent no (Ni] values in effluents
given; relationship Ni:growth
unknown
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CONTENT OF CHROMIUM AND NICKEL IN ROCKS AND SOILS

Content in Rocks

The content of Cr in the upper continental crust is 35 pg kg', whilst that in soils is estimated to
be 84 pg kg'. This increase in Cr in residual deposits is likely due to the substitution of Cr'orFe'ue

in part to their similarities in their ionic radii of 0.064 and 0.067 nm, respectively. Chromium occurs
is two different oxidation states - +3 and +6, of which the former, Cr", is the most stable.

There are a number of minerals which contain Cr as a major constituent, the most commonly
occurring of these being chromite, FeCr,O, (Shiraki, 1978). Chromite is most commonly found in
ultrahasic rocks, such as serpentenites. A Cr-con&»»iig spinel is the major source of the metal in mafic
rocks, such as basalts. Although olivines generally contain little or no Cr, pyroxenes and amphiboles may
contain up to 2% Cr. The mica phlogopite has also been shown to contain high amounts of Cr.

The content of Ni in the upper continental crust is 25 pg', whilst that in soils has been estimated
to be about 40 pg'. Although Ni can form minerals with both sulphides and arsenides and can occupy
a significant portion of the octahedral sheet ofphyllosilicates, there are no common rock-forming minerals
of Ni. Pentlandite, (Fe, Ni)p„ is the commonest mined sulphide ore of Ni. Olivine is the major host
mineral for Ni in ultramafic rocks which may contain up to 3,000 ppm Ni. Nickel is believed to
substitute for Mg" in these minerals because of the similarity in their ionic radii. 0.070 and 0.072 nm,
respectively. The content of Ni in granitic rocks is also related to their Mg contents (Turekian, 1978).

In igneous and metamorphic rocks, contents of Cr and Ni are usually highest in ultramafic rocks
and decrease in content Rom basalts to granites (Table 1). Because Cr'losely resembles Fe'ndAl'n

its chemical properties and ionic size, it behaves similarly to those ions during weathering and is often
finally concentrated in clays. Its content increases therefore with decreasing grain size and thus contents
are usually higher in shales than in sandstones (Table 1). In some lateritic deposits the content of Cr may
reach a few percentages. Although easily mobilized during weathering, Ni often accumulates in residual
deposits because of its association with secondary Fe-Mn minerals. Weathering of ¹irich ultramafic
rocks to laterites often leads to the accumulation of Ni-rich serpentines. such as garnierite (Faust, 1966).

Table 1. Typical contents (mg kg') of Cr and Ni in some rock types (Brooks, 1987).

Cr

Igneous Rocks

Ultramafic Basalt

170

Granite

13

Sedimenrary rocks

Shales Sandstones Carbonates

90 35 11

Ni 2000 130 68 20 20

Anthropogenic Sources

The major source of anthropogenic airborne pollution for Cr is believed to be the iron and steel
industry, which contributes an estimated 16,000 t Cr yr', followed by the combustion of coal, estimated
at 11.,000 t Cr yr 'Table 2). All other airborne sources of Cr are relatively unimportant compared to
these two sources. By contrast, the largest anthropogenic source of Ni to the atmosphere is the
combustion of fuel oil which has been estimated to produce between 11,000 to 43.000 t yr'Nriagu and
Pacyna, 1988).



Table 2. Estimated median values of global emissions to the atmosphere from anthropogenic
sources. (Taken from Nriagu and pacyna, 1988 unless otherwise indicated).

Cr Ni

10' yr'oal

combustion

Oil combustion

Non-ferrous metal production

Iron and steel production

Refuse incineration

- municipal

- sewage sludge

Cement production

Wood combustion

Phosphate fertilizers

Motor transport

11.28

1.41

15.62

0.54

0.30

1.34

13.77

27.07

8.78

3.57

0.26

0.11

0.49

1.20

0.42

0.90'

Taken f'rom Schmidt and Andren (1980).

Measured total deposition of Cr has been estimated to be 0.5 to 5 kg km'r'n rural areas and
up to 10 kg km 'r'n urban areas (Nriagu er al., 1988). Comparable figures for Ni vary from 2 kg km'-
yr'n rural areas to 88 kg km'r'ear industry and in urban areas (Schmidt and Andren, 1980). The
higher figures for Ni can be explained by its greater atmospheric input and volatility.

Input of Cr and Ni into soils worldwide has been estimated at between 480 - 1300 10' yr'nd
106-155 10' yr', respectively (Nriagu and Pacyna, 1988). The major sources of input of Cr into soils
are application of fly and bottom ash to land, with an estimated median value of 297.5 10' yr', and
457.5.10' yr'om wastage of commercial products +able 3). This wastage has been estimated by
assuming that between 1 to 15% of the total annual production of metals may be discarded or dispersed
in soils from the use of chemicals, pesticides, crop preservatives, etc. (Nriagu and Pacyna, 1988). The
most important source for Ni onto land is also application of fly and bottom ash. with an estimated
median value of 167.5-10' yr'. Application of agricultural, animal and food wastes to land also
contributes an estimated 82 10' yr'f Cr and 46.5 10' yr'f Ni to soil (Table 3).

Although municipal sewage sludge may not be a particularly important source globally, its high
content of Cr andlor Ni may of'ten preclude its application to land. Locally, application of sewage sludge
to land ohen represents the most important source of metal contamination in soils. Similarly, the mining
and smelting of Ni containing ores may represent severe local point sources for Ni as has been adequately
demonstrated at Sudbury, Ontario (Hutchinson and Whitby, 1974; 1977). The addition of Ni to petroleum
has lead to a small but detectable increase in Ni adjacent to roads (Lagerwerff and Specht, 1970).



Table 3. Estimated medium values of global emissions of Cr and Ni into soils (Taken from
Nriagu and Pacyna, 1988).

Agricultural and food wastes

Animal wastes, including manure

Logging and other wood wastes

Urban ref'use

Municipal sewage sludge

Fly and bottom ash

Fertilizers

Wastage of commercial products

Atmospheric fallout

Total Rom all sources

Cr

47.3

35

10.1

19.8

6.1

297.5

0.2

'457.5

26.6

896

10'gyr'i
25.5

21

12.6

6.1

13.5

167.5

0.4

4.9

24.0

325

Content in Soils

S'orld wide disrriburion

A number of studies have been conducted in various countries to assess the contents of both Cr
and Ni in soils. Results of these studies have been summarized and discussed by McGrath and Smith
(1990) and means and ranges in content of Cr and Ni resulting Rom these investigations are shown in
Table 4.

Table 4. Mean concentrations (mg kg ') of Cr and Ni in various soils.

Worldt Scotland England & Canada'ales'.S.A.'ean

Range Mean Range Mean Range Mean Range Mean Range

Ni 28 0.1-1520 '27 3-210 20

Cr 84 1-1500 62 5-710 39 0.3-837 43

0.8-440 20

10-100 54 1-2QQQ

5-50 19 5-700

're and Berrow (1982)
'errow and Reaves (1986)
'cGrath and Smith (1990)
~ McKeague and Wolynetz (1980)
'hacklette and Boernger (1984)



The highest contents of Cr and Ni in Canadian soils are in those associated with ultramafic rocks.

such as serpentenites. Roberts (1980) reports average values of 3462 and 1073 mg kg'or Ni and Cr,

respectively, in serpentine soils Rom western Newfoundland. In a nation wide study by McKeague and

Wolynetz (1980) the highest contents of both metals were found in the Cordilleran region and the least

in soils of the Precambrian Shield gable 5).

Table 5. Mean concentrations (mg kg ') of Cr and Ni in Canadian soils'.

Appalachian Canadian
Shield

St. Lawrence Interior
Lowlands Plains

Cordilleran Total

Cr

Ni

30

18

19

12

51

18 18

78 43

20

'aken Rom McKeague and Wolynetz (1980).

For soils developed f'rom similar parent materials, contents of the metals are usually highest in

clay-rich soils and least in sandy soils. Some typical results for nearly three hundred agricultural soils

from southern Ontario are presented in Table 6.

Table 6. Cr and Ni contents (mg kg') in agricultural soils from Ontario grouped by textural

classes'.

Organic

Mean Range

Cr 14.6 4-39

Ni 28.6 7-119

Sandy

Mean Range

10.0 3-34

7.6 1-34

Mean Range

14.7 4-46

17.9 3-100

Mean Range

22.3 10-46

27.8 8-88

'aken from Frank et al. (1976).

In a similar study on agricultural soils in northwestern Alberta (Soon and Abboud, 1990), much

higher values for both metals were found with soils high in organic matter containing greater amounts

than those low in organic matter gable 7).

Table 7. Cr and Ni contents (mg kg') in surface and subsoils from northwestern Alberta'.

Surface

(high in organic matter)

Surface

Pow in organic matter) Subsurface

Mean Range Mean Range Mean Range

Cr

Ni

84 52-112

27 (5-78

61 27-83

15 (5-32 24

65-113

11-38

'aken from Soon and Abboud (1990).



There have been few studies on the depth distribution of heavy metals in Canadian soils. In one
such study in southwestern Ontario, the greatest concentrations of the metals were found in the B horizons
of a number of soils (Whitby et al., 1978) (Table 8), presumably because of their association with Fe
(oxy)hydroxides. Similar results have been reported for some Scottish soils (Berrow and Mitchell, 1980).

Table 8. Cr and Ni contents (mg kg') in soil horizons from southwestern Ontario'.

Horizon

Ap

B

Mean

53

55

49

Cr

18-88

10-88

18-95

Mean

20.2

25.3

Ni

Range

9.2-37.5

12.547.2

10.8-50.0

'aken from Whitby er al. 1978.

Some tentative guidelines for assessing contamination of soils and plants by Cr and Ni have been
proposed for Ontario (Ontario Ministry of the Environment, 1989) gable 9). The guidelines do not
represent maximum desirable or allowable levels of contaminants but rather they serve as levels, if
exceeded which would require further investigation on a case by case basis.

Table 9. Mean 'Upper Limits of Normal'ontaminant guidelines for Cr and Ni (mg kg') in
soils and plants f'rom Ontario.

Cr

Ni

50

Soil

Rural

50

Foliage

Urban Rural

8 8

7 5

Grass

Rural

CHROMIUM AND NICKEL IN NATUIWL WATERS

Speciation in Solution

Chromium
Chromium exists in two oxidation states - Cr(VI) and Cr(III) and in natural waters these oxidation

states occur in the diprotic chromic acid, H.CrO, and the chromic ion, Cr" and its associated hyroxo-
complexes. In common with other trivalent cations Cr'ons readily hydrolysing in water to form a
number of hydrolysed species. Because of its two oxidation states the chemistry of Cr in waters, soils and
sediments is very dependent on the state of oxidation or reduction of the system. The speciation ofCr'n

natural waters has been discussed recently by Richard and Bourg (1991).

For chromic acid, the two dissociation reactions are represented by:-

H.CrOa ~ HCrO, + H; pK., = -0.2

HCrO, ~ CrO'; + H; p~ = 6.51 (2)



All calculations involving aqueous species of Cr were performed using the Gibb's free energy

values given in Table 10 and the formation and dissociation constants given in Turner er al. (1981).

Table 10. Gibb's free energies of formation of soluble species of Cr

Species

CrOH'+

Cr(OH),+

Cr(OH);

-429.9

434.5

HCrQ,

CrO,'824.4

H,O

hG; (kJ mol ') Species

-215.5 Cr(OH),

hG; (kJ mol')

-1007.9

-764.8

-727.9

-237.2

The relative proportions of the conjugate bases of chromic acid as a function of pH are shown

in Figure 1.
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Figure 1. Relanve proponions of conj ugare bases of chromic acid as a funcrion ofpH.

The Cr'on in common with other trivalent ions, such as Fe, Al'+, Ga'+ and In', readily

hydrolyses in water to form a series of hydroxo-metal complexes. The overall hydrolysis reactions and

their associated equilibrium constants are shown below:-

Cr'+ + H.Q ~ CrOH~' H 'ly = 4.00 (3)

Cr'+ + 2H.O ~ Cr(OH)~ + 2H+; pP. = 9.70 (4)

Cr" + 3H„O ~~ Cr(OH); + 3H; pP, = 18.00 (5)

Cr'+ + 4H.O ~ Cr(OH), + 4H; pItt, = 27.40 (6)

In waters containing no complexant ligands, the total content of Cr(III), [Cr]~, is represented by:-



[Cr]T = [Cr' + [CrOH"] + [Cr(OH)~] + [Cr(OH)f] + [Cr(OH),] (7)

The relative proportions of the Cr'ons and its hydroxo-complexes as a function of pH are
shown in Figure 2.
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Figure 2. 7he relanve proponions of Cr'nd us hydroxo-complexes as a funcrion ofpH.

Nickel
Compared with Cr the aqueous chemistry of Ni in natural waters is relatively simple. There is

only one oxidation state - Ni(II). Like Cr(III), Ni(D) hydrolyses in water but is not a highly hydrolysable
metal. At most pH's, only one hydroxo complex is of importance - NiOH .

Ni"-' H.O ~ NiOH + H ; pP, = 9.86

However, in the presence of atmospheric CO,, the aqueous species NiCO; becomes the dominant species
at pH's above 8 (Figure 3).
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Because both Cr'nd Ni-"ions readily form complexes with a number of inorganic complexant

ligands (Table 11), the speciation of Cr(III) and Ni(11) in soil solutions are very much affected by their

presence.

Table Il. Formation constants for Cr(III) and Ni(II) with inorganic anions in natural waters.

-log P

OH (QH). (OH), (OH), F F, Cl SO, (SO/, CO,

Cr

Ni

4.00 9.70 18.00 27.40 5.21 9.31 0.62 4.61

9.86 19.00 30.00 44.00 1.12 - 0.72 2.29 3.20 5.37

Oxidation-Reduction Reactions

Nickel exists in only one commonly occurring oxidation state - Ni(II), whereas Cr can exist in

two - Cr(VI) and Cr(III). The reduction of Cr(VI) to Cr(DI) over the pH range 3 to 9 can be described

by the following oxidation-reduction reactions:-

HCrO, + 7H + 3e ~ Cr' 4H.O

HCrO, + 6H + 3e CrOH"- + 3H,O

HCrO, + 5H + 3e Cr(OH). + 2H.O

CrO', + 6H + 3e ~ Cr(OH), + 2H.O

CrO'+ 5H + 3e ~ Cr(OH),' H.O

(9)

(10)

(12)

(13)

The Nernst equations for these

RT
Eh = E' — ln

3F

RT
Eh = E' — ln

3F

RT
Eh = E' — ln

3F

RT
Eh = E' — ln

3F

RT
Eh = E' — ln

3F

reactions are:-

{Cr'}
{HCrO,}{H

}'CrOH'}

{HCrO,}{H

}'Cr(OH):

}

{HCrO,}{H

}'Cr(OH);}

{CrO";}{H

}'Cr(OH)

f }

{CrO,"- }{H

}'14)(15)

(16)

(17)

(18)

The standard electrode potentials, E', for the above equations were calculated from the data given
in Table 10 and the above Nernst equations rewritten in terms of log„.



(19)

(21)

{Cr ~
p 138 pH138 - 0.

{HcrO4J

(20)
fcrOH +)

1.+ - 0.0 g
{HcrO4)

{Cr(OH)ij - 0.098 pa = 157 - 0 "g
«Hcm')

{Cr(OH)a) - 0.118 pH
(22){ca')

{Cr(OH@ 0.098 pHp.020 log

d Crg11) as a function of PH~een the various form of Cr~
be l~ M so that no insoluble

The relationships b~
'

Cr [Cr]&, was assumed to
precipitates of Cr need to be consi er

1.5 ,

1.0-

0.5-
Cr"

0-

-0.5-

CrOH 'r(OH);
CrO,

X0
O

-1.0 '

. pH
and CrgII) at various values fpo H and Eh.Fi re 4. For7ns of Cr(VI) andigure
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al., 1989) and that of Cr'nd Ni"- ions on goethite and hydrated ferric oxides (Dzombak and Morel,

1990). The adsorption processes of all these ions have been modelled using both the diffuse double layer

and constant capacitance models.

To calculate the extent of retention of either Cr", Ni"- or CrO,'ons on variable charge mineral

surfaces in soils the intrinsic proton association4issociation reactions on the minerals need to be

considered. These reactions at the surfaces or edges of minerals can be represented by the two surface

protolysis reactions:-

aS-OH,+ 4 aS-OH' H+

~S-OH' mS-O + H

(24)
(25)

(27)

The intrinsic equilibrium constants for these reactions are:-

'K.",' exp (-f, FIR7)
[~ S-OH'] {H+ }

[a S-OH,+]
(26)

[~S-O]{H }
and '~' exp (-P, FIR7)

[a S-OH']

where W.", and ~ are the first and second conditional intrinsic equilibrium acidity constants

for the surface protolysis reactions and P, is the electrical potential at the charged surface.

The adsorption of chromate, CrO',, ions at variable charged surfaces can be described by:-

~Me-OH' CrO'4 + H ~ ~Me-CrOs + H.O p'K„'" = -10.85 (28)

[~ Me-CrO, ]

at equilibrium, 'K„'" = — exp (Q„FIR7) (29)
[~Me-OH']{CrO,'}{H }

where 'K„'" is the intrinsic formation constant for the surface complex.

Model calculations for CrO,'ons onto the surface of the mineral goethite are shown in Figure 5.
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Figure 5. Adsorption of chromate, CrO, ions onto goethite.
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The reaction of Cr'ons onto goethite can be written in a similar fashion to that of CrO";:-

~Me-OH' Cr' H.O ~ wMe-0-Cr-OH + 2H+; p'K",' -2.06

f a Me-0-Cr-OH][H}'t

equilibrium, Kc, =, exp (f. FIRZ)
[~ Me-OH'][Cr'+}

where Kc is the intrinsic formation constant for the surface complex of Cr'.

(30)

(31)

Like the adsorption of CrO'; ions. the retention of Cr'ons is also pH-dependent, but increases
in response to pH in contrast to that of CrO;"ions.

The reaction of NP ions onto goethite can be written in a similar fashion to that of Cr'ons:-

m Me-OH' NP+ ~ ~ Me-0-Ni + H'; p'K„'; = -2.06

[~Me-0-Ni ][H }
at equilibrium, 'K„" = „exp (Q„FIR7)

[ ~ Me-OH'] [Ni"-'}

where 'K„', is the intrinsic formation constant for the surface complex of Ni"- .

(32)

(33)

Precipitation Reactions

Because Cr can exist in two oxidation states in soils, there are a number of possible precipitates
of both Cr (VI) and Cr (III). There are few insoluble chromates known, such as those with Ba', Pb'-

and Ag . However, they are probably of minor importance in controlling the chemistry of Cr(VI) in soils
in that soil solutions are seldom, if ever, likely to be supersaturated with their constituent ions.

Of much more importance for the soil chemistry of Cr(III) is the possible precipitation of chromic
hydroxide, Cr(OH),. Although the formula of chromic hydroxide is usually represented as Cr(OH)„ it
is more correctly written as a hydrated oxide with variable amounts of water - Cr.O,.H.O. However its
dissolution will be considered as below (Rai er al. 1987; Sass and Rai, 1987).

Cr(OH), + 2H ~ CrOH-' 2H.O

~ = [CrOH" }/[H }"-; p~ = -5.78

Like Cr(III), Ni(II) can also form an insoluble hydroxide-

Ni(0~ + 2H ~ NP + 2H.O

(34)

(35)

(36)

~ = [NP+}/[H }~ ; p~ = -12.78 (37)

The relationships between the total content of metal. Mg, and pH for both Cr(OH), and Ni(OH),
and pH are shown in Figure 6. It can be seen that over a wide range of pH's likely to occur in most soils,
the content of Cr (III) in solution is likely to be low. Bartlett and Kimble (1976a) reported that contents
of added Cr(111) to soils declined to values below detection limits at pH's above 5.5. The precipitation
in soils of Ni(OH/ is not likely until pH's approaching 9 and is therefor unlikely to comrol the solubility
of Ni(II) in soil solutions.
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Figure 6. Solubility of Cr(OH), and Ni(OH). as a funcrion ofpH.

Sadiq and Enfield (1984a) have examined other possible precipitates of Ni-" in soils. They
concluded that the carbonate, phosphate and sulphate of Ni are too soluble to precipitate in most soils.
Pratt et al. (1964) have however suggested the possible precipitation of nickel phosphate, Ni,(POQ. 8H.O,
if contents of both Ni"- and PO,~ ions are high enough.

Ni,(POQ,.SH.O ~ 3Ni"- + 2PO,~ + SH.O; pK„= 31.3 (38)

From a consideration of thermodynamic data, Sadiq and Enfield (1984a) suggested that nickel
ferrite, NiFe20„was a mineral that might control the content of soluble Ni in soil solutions. By
examining the chemical composition of soil solutions, they demonstrated the probable formation of this
mineral (Sadiq and Enfield, 1984b).

NiFe,O, + 8H'i' 2Fe'+ + 4H.O ; pQ = -11.0 (39)

In poorly drained soil, Ni may form an insoluble precipitate, NiS, by reaction with sulphide ions,
S', formed from the reduction of sulphate by anaerobic bacteria.

NiS ~ Ni-' S"- ; pK„= 22.0 (40)

Oxidation-Reduction Reactions

Reduction of chromate ions
The reduction of chromate ions, CrO,', to chromic ions, Cr", in waters, soils and sediments has

been studied by a number of workers (Bartlett and Kimble, 19'76b; Eary and Rai, 1988, 1989; Otabbong,
1989b; Eary and Dhanpat, 1991). Results from these studies have concluded that the reduction of Cr(VI)
is quite rapid and that it proceeds more rapidly in the presence of Fe'- ions and in soils and sediments
high in organic matter contents.
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Oxidation of chromic ions
Whereas the reduction of chromate ions in soil has been adequ"tely demonstrated, the

corresponding oxidation reaction is still a matter of discussion (Bartlett and Kimble, 1976a; Bartlett and
Kimble, 1976c; Eary and Rai, 1987; Qtabbong 1989b).

Occurrence in Plants
CHROMIUM IN PLANTS

Although Cr is considered to be essential for both animal and human nutrition, its essentialig for
plants has not been demonstrated even in Brewers yeast, the richest known source of biologically active
Cr (Anderson, 1981). Pratt (1966) reviewed reports that Cr stimulated growth and/or yield of a number
of plant species including potatoes, citrus and avocado trees, grapes and cucumbers. He considered that
some effects may have resulted Rom a response to elements added with the Cr, some ef'fects had been
small, others erratic, but most remained unverified. He concluded that Cr should be considered as a
nonessential element in plants. HufTman and Allaway (1973) demonstrated that the growth of a number
of plants was not impaired even when the concentration of Cr in the growing medium was as little as 3.8
x 10 pM Cr, two orders of magnitude less than that necessary for molybdenum which has been shown
to be the essential element required in the least amount for growth.

The concentration of Cr in plants varies widely (Table 12). Shroeder et al. (1962) sampled twenty
types of vegetables. Contents of Cr in the plants ranged from ) 0.006/tg g'o 0.13 yg g 'et weight.
A similar range was reported for a variety of fruit, but grains contained rather less Cr. On the other
hand, leaves Rom deciduous and evergreen trees contained Rom 0.04 to 0.25 pg g'et weight, 0.1-0.7
pg g'ry weight (Schroeder et al., 1962).

The Cr content of plants depends however to a large extent on the soil type on which they are
grown (Schroeder et al., 1962; Dowdy and Larson, 1975). Schroeder et al. (1962) reported values for
ash f'rom plants grown on soils derived from ultramafic rocks, containing minerals such as serpentine or
talc, and values ranged from 300-1000 pg g'or lichens, 100-300 pg g'or mosses, 10-1000 pg g'or
fern fronds, 3-1000 pg g'or grasses and herbs 1-100 pg g'or trees and shrubs. These values were
from 2 to 36 times greater than Rom plants ~wn on silicic or calcareous soils. Garty and Ammann
(1987) attributed the high coef'ficients of variation in the Cr content of lichens to entrapment of large
metal-containing particles in the thallus.

Effects of Chromium on Microbial Activity

Ross et al. (1981) studied the sensitivity of soil bacterial isolates to Cr(III) and Cr(VI) ions in
liquid culture. Concentrations of 10-12 pg mL'r(VI) were inhibitory to most of the isolates. Cr(III)
had little effect even at concentrations of 100 pg mL'nd growth of some isolates was apparently
stimulated at 10-12 pg mL'. Microbial biomass in field plots treated with sewage sludge Rom different
sources was unaffected by their Cr content but were inhibited by Cu and Ni (Brookes and McGrath,
1984).

Chromium in Kgher Plants

Uptate of chromium
Plants are able to take up Cr through their root systems in inorganic forms. either as Cr(III) or

Cr(VI) (Lahouti and Peterson, 1979), or Rom organic complexes (Cary et al.. 1977). The content of
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Table 12. Chromium concentration (pg g') in vegetahles grown on a Wheeling soil amended with four sewage sludges (aher Keefer er aI., 1986).
Sewage sludge applied, Mgha'ropBack Soil

ground) testf
Blue Plains.

90 180

Huntington

90 180

Martinsburg

90 180

Parkershurg

90 180 LSD
0.05Consumahle parts

Radish roots

Carrot roots

Cabbage heads

Green beans

Sweet corn

Tomato, early

Tomato, late

Non-consumahle parts

0.92 1.44

0.40 0.40

1.34 0.70 1.08

0.40 0.40 0.40

0.17 0.18

0.61 0.59

0.43 0.39

0.52

0.65

0.60

0.10 0.14

0.35

0.40

0.50

0.55

0.20 0.28 0.22 0.60 0.22
0.24 0.29 0.26 0.18 0.14

1.92

0.40

0.26

0.24

0.42

0.50

0.45

0.68 0.72 0.58

0.40 0.40 0.40

0.64 nsf
0.40 ns

0.30 0.74 0.30

0.12 0.14 0.32

0.48 ns

0.12 ns
0.60 0.94 0.60 0.75 0.30
0.65 0.80 0.45 0.40 0.30

0.30 0.22 0.20 0.32 0.24

Radish tops

Carrot tops

Bean leaves

Tomato leaves

2.15 2.48

0.45 0.37

1.26 1.38

0.66 0.76

3.30

0.62

1.14

0.48

2.92 2.10

0.70 0.27

5.52

0.50

2.18

0.55

2.12

0.45

3.20

0.65

3.80 1.89

0.70 ns
1.04 1.90 2.48 1.18 1.94 3.00 4.24 1.13

0.60 ns
0.53 0.80 0.82 0.86 0.40 0.72Corn leaves:

Ear leaf 0.21 0.26 0.22 0.22 0.18 0.34 0.42 0.52 0.24 0.36 nsAt tasselling 0.98 1.00 1.02 0.66 1.94 4.08 0.64 0.36 0.92 0.64 0.56
Background values for plants on unfertilized soil, soil test values for plants grown on soil receiving lertilizer according to a soil test recommendation.
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Cr(III) of soil is relatively unavailable to plants and therefore its uptake rate is relatively slow.Cunningham et al. (1975) found that inorganic Cr species were more readily absorbed than Cr froiorganic complexes. In barley, Cr(VI) optimum uptake occurred over the pH range 5.5 to 6.7 and uptak~was linearly related to time over a 24 hr period (Shewry and Peterson, 1974).

Uptake of Cr(111) horn solution was found to approach a plateau at about 50 ppm in solution, thatis above any concentration that could be maintained in soil (Cary et al., 1977). Sheppard et al. (1984)studied the uptake of Cr by alfalfa and Swiss chard. Uptake was directly proportional to the Crconcentration in soil over a range of 8 orders of magnitude. Approximately 1% of the Cr was taken upat each concentration in solution. They concluded that the placement of the Cr source, 150 or 300 mmbelow the soil surface, had little effect on uptake of Cr(III) and neither did the aeration status have mucheffect on uptake. Shewry and Peterson (1974) have observed that Ca-'ons were required for maximumuptake of chromate ions.

Uptake of Cr is enhanced by the presence of Fe, but a smaller proportion of the Cr is translocatedto the shoots. The enhanced uptake in the presence of FE could be due to reduction of Cr(VI) to Cr(III)in solution by Fe"-'ons. Phosphorus deficient plants also translocated a greater proportion of absorbedCr. It is possible that this was because there was some injury to the deficient plants. It has been shownthat both Cr(III) and Cr(VI) species of inorganic Cr in aerosol form or applied in droplets can beabsorbed through plant leaves (Parr and Taylor, 1980; National Academy of Sciences, 1974).

Mechanisms of uptake
The uptake of Cr(III) by roots is unaffected by metabolic inhibitors, whereas Cr(VI) uptake isadversely affected in a manner similar to that of P uptake (Skeffington et al., 1976). The uptake of Cr(III)is apparently passive down the electro-chemical gradient, whereas Cr(VI) uptake is under metaboliccontrol. They also concluded that it is unlikely that significant transformation of the Cr species takes placeat the root surface immediately prior to uptake. The uptake of Cr(VI) followed Michaelis-Menten kineticsover the range of chromate concentration from 10-160 pM. Uptake of Cr(VI) by barley roots wasstrongly inhibited by SO;"ions and other group VI anions. Uptake was inhibited by SO,'ons changingK but not V . Skeffington et al. (1976) concluded that the evidence was consistent with competitiveinhibition. Hence it is likely that the Cr(VI) carrier is same as that for SO"; ions.

In an experiment in which Cr(III) was applied to soils James and Bartlett (1983a) found that inthe first 3 d after application the soluble Cr(VI) content of the soil increased and thereafter declined. Ifthe soils were amended with citrate the content of soluble Cr(III) and Cr(VI) were both enhanced. In soilsplanted with corn or dwarf beans there was less Cr(VI) present due to the absorption or reduction ofCr(VI) in the presence of the roots. However, more Cr(III) was found in the rooted soil, due to thepossible exudation of organic compounds with chelating properties being released by roots into the soil.Evidence of the mobilization of metals such as Fe and Al in the rhizosphere by the action of chelatingagents derived Rom root exudates has been shown by Reid et al. (1982).

Translocation of chromium wirhin rhe plant
Movement of inorganic Cr within plants appears to take place only in the xylem sap. In thisrespect chromate behaves like PO', and SO', ions. Skeffington et al. (1976) found that for barley the onlyform transported from the roots was Cr(VI). Only Cr(VI) was found in the xylem sap from roots andshoots of Leptospermum scoparium, a member of the Myrtaceae commonly growing in soil derived fromserpentine (Lyon et al., 1969b). The presence of Cr(III) has not been confirmed in xylem sap. It isimportant to note however that whether the source was Cr(DI) or Cr(VI), the only inorganic ions of Cr
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detected in root extracts of barley were chromate (Skeffington et al., 1976). Transport of CrO",- ions was

unaffected by the concentration of calcium in the rooting medium. A greater proportion of Cr from Cr-

EDTA was translpcated tp shppts than from other sources of the metal. Accumulation of Cr in shoots

appears to be directly proportional to that of Fe and so the translocation processes appear to be similar.

The percentage of Cr that was absorbed and that was translocated to the shoot remained constant when

Cr(DI) was the source of Cr, but increased with increasing Cr Rom Cr(VI) source (Skeffington et al.,

1976).

When Skeffington et al. (1976) applied Cr(III) or Cr(VI) ions to the cut ends of barley shoots

both ions moved upwards through the xylem. However about seven times more of the Cr(VI) ions moved

than did the Cr(111) ions.

Barriers to transpon
Of the total amount of Cr adsorbed by plants, only a very small proportion of between 1 and 4%

is transported to the shoots with the rest remaining in the roots (Table 13). A major decrease in

concentration occurs across the hypocotyl of barley (Skeffington et al., 1976). These authors suggested

that the main barrier to transfer from roots to shoots is the radial transport across the root into the stele

and that cutting off the roots showed that the Cr was transported easily once it had entered the xylem.

As Cr(VI) moved to a much greater extent than Cr(III), it appears to be more readily adsorbed onto ion-

exchange sites in vessel walls than is Cr(VI). This could also explain increased transport when Cr enters

the roots in the form of organic complexes like Cr-EDTA.

Table 13. Accumulation'f "Cr by plants growing in solutions containing either Cr(111) or Cr(VI)

(after Lahouti and Peterson, 1979).

Species

Cauliflower

Radish

Carrot

Tomato

Corn

Lettuce

Barley

Mung bean

Shoots

202

. 106

54

18

12

Cr(VI)

Roots

5016

5251

3735

2890

2435

2742

1150

1223

Shoots

117

73

56

30

13

15

Cr(III)

Roots

6585

5857

3815

3372

2868

3569

1411

1373

'alues are counts min'g'ry wt.

Root content
In barley roots most of the absorbed Cr(III) is present as an insoluble residue fraction, whereas

most of the Cr(VI) exists in a fraction soluble after sequential extractions. Most of the Cr accumulated

in the soluble. non-particulate form and is present in vacuoles. Bourque et al. (1967) suggested that much



of the Cr in wheat roots was bound to the protein fraction. In cauliflower roots Cr and Fe are associated

in electronMense granules deposited on cell walls. The amount of ion present was greater when the C

in the rooting medium was Cr(VI) rather than as Cr(III).

Of the Cr adsorbed by roots of Leptospermum scoparium, only about 1% was associated with

nucleic acids, 0.3%, and 0.6% with proteins (Lyon et al., 1969). Chromium was found in three anionic

complexes, one identified as trioxalatochromate-(111), another possibly as a dioxalatochromate and the

third based on malonic acid.

Distribution within the Shoot

Foliar and stem tissue
Chromium has been shown to concentrate in apices of young leaves of barley seedlings (Shewry

and Peterson, 1974). For a variety of crop plants more Cr is normally present in older leaves than in

younger leaves (Lahouti and Peterson, 1979). In addition, they found that approximately 50% of the Cr

was not soluble in water or 80% ethanol. Chromium was associated with the supernatant fraction af'ter

particles had been separated by centrifugation, and in cell walls and debris, but not in organelles (Starich

and Blincoe, 1983; Huffman and Allaway, 1973b).

Lahouti and Peterson (1979) found relatively more of the Cr was in the cell wall fraction if the

plants were originally supplied with Cr(111), probably because Cr was bound to cationic sites. For plants

supplied with Cr(VI) more of the Cr occurred in the supernatant. A small amount of Cr was associated

with precipitated protein, the amount being related to the amount of Cr present, that is there more Cr

associated with root protein than with shoot protein. Bourque et al. (1967) and Myttenaere and Mousny

(1974) considered that the Cr was associated with protein, but they presented no clear evidence for this.

Lahouti and Peterson (1979) showed that in cauliflower Cr was present in form of trioxalatochromat

(III). This had earlier been identified in extracts from Leptospermum scoparium (Lyon et al., 1969) whe.

it appears to be formed in leaf tissue. Blincoe (1974) identified a similar anionic Cr(III)-complex was also

formed in vivo in alfalfa, crested wheatgrass and brewers yeast. irrespective of the species of Cr in the

growing medium.

The complex in Brewers yeast formed following in vivo incubation with Cr was similar to that

of alfalfa, but the alfalfa complex was quite different in form to Brewers yeast glucose tolerance factor.

The Cr-complex was extremely stable (K~ = 9xlO'). Some evidence has also been obtained that some

Cr in the complex is in the Cr(VI) form (Starich and Blincoe, 1983). Cr(III) and Cr(VI) species have

been found in corn oil and forest tree leaves (Schroeder et al., 1962).

Small amounts of trioxalatochromate-(III) have also been found in Leptospermum scoparium

(Lyon et al., 1969). It has been suggested that as the Cr content in annual rings appeared to correlate

with the metal content of sediment layers, trees growing along river banks could be used to monitor the

concentration of the element in the water (Sheppard and Funk, 1975).

Seeds and Fruits
Less Cr is normally present in seeds than in leaves (Schroeder et al., 1962) (Table 14). Coahran

et al. (1973) have reported that there was a continuous flow of Cr into apples throughout their growth.
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Physiological Effects of Chromium

Root growth appears to be adversely affected by Cr before symptoms are shown by shoots.
Chromium toxicity results in stunted unbranched roots (Soane and Saunder, 1959; McGrath, 1982; James
and Bartlett, 1984). Oat plants suffering Rom severe Cr toxicity have small root systems and narrow
brownish-red leaves covered in small necrotic spots (Hunter and Vermano, 1953). Enhanced
concentrations of P have been hund in leaves Rom plants with Cr toxicity.

Toxicity to Cr in spring barley is associated with the yellowing of leaves with the appearance of
pale green longitudinal stripes (Davis er al., 1978). In soybean the initial visual symptom in tops is
wilting (Turner and Rust, 1971) with no deficiency symptoms being seen prior to wilting. At harvest
some interveinal chlorosis was observed with some necrosis in older leaves. Maize plants showed leaf
narrowing, developed a purple-green colour, and leaves tended to roll around the shoot (Soane and
Saunder, 1959). Tobacco developed intense yellow chlorosis. These reports fail to provide any indication
of the physiological causes of Cr toxicity.

Table 14. Concentration of Cr in various plant tissues as affected by Cr additions to soil.

Mardin soil (pH 5.2) Mardin soil (pH 7.5) Lima soil (pH 7.2)

None Crgll) Cr(VI) None CrglI) Cr(VI) None Crgll) Cr(VI)

vg kg

Leaf and stem
Seed

Buckwhear

90 2$0 2$0 78 150 690
12 12 '0 8 10 29

70 340 2,500
5 14 63

Leaf
Stem
Seed

150 330 1900 194 590 2400 234 2,740 19,530
330 150 340 28 140 620 50 340 1,850

23 43 194 21 100 780 50 260 1,070

The common view is that Cr(III) is less toxic to plants than is Cr(VI) (Mortvedt and Giordano,
1975; Skeffington er ul., 1976). McGrath (1982) has argued that the solubility of Cr(III) but not Cr(VI)
is dependent on both pH and the concentration of other ions in solution and that previous studies had
failed to consider these aspects. He grew oats in continuous flow culture at pH 4.5. The measured
concentrations of Cr(III) and Cr(VI) (nominally 2, 20 and 200 pM) were maintained constant throughout
the experiment. Total uptake of the two species of Cr were similar. However, Cr(III) was more toxic to
root growth than was Cr(VI), but Cr(VI) decreased shoot growth somewhat more than did Cr(III). In the
field, toxicity will therefore be determined by the total concentration of the Cr species present rather than
by their type.

The inhibition of germination in peas by Cr was studied by Dua and Sawhney (1991) and it was
found that Cr(VI) significantly depressed the activities of ribonuclease, acid phosphatase, invertase, cL-

and P-amylase, and phytase. The activities of starch phosphorylase and acid protease were not affected.
The authors concluded that as a result of these changes, Cr would restrict the supply of sugars during
germination and therefore interfere with the metabolism of carbohydrates. The supply of ribonucleotides
would also be restricted, as would phosphorus release from phytin and other phosphorus containing
compounds.



Critical Concentrations of Chromium in Plant Tissue

Critical tissue concentration can be defined as the concentration above which growth is imp(Beckett and Davis, 1977). In spring barley, the critical concentration of Cr has been reported to be lu
pg g'hy weight for Cr(VI) and 8 pg g'or Cr(111) (Davis er al., 1978). For oats, the criticalconcentration of Cr in solution culture was found to be 10 pg mL'hen the concentration of Cr in theleaf tissue was 3.9 pg g'ry weight (Hunter and Vergnano, 1953).

Transfer of Chromium from Plants to Humans

The availability of organic Cr complexes formed in plants is unclear. Huf5nan and Allaway(1973) labelled the Cr in leaves of Phaselous vulgaris with "Cr. Rats fed on the bean leaves retained lessthan 0.5% of the labelled Cr af'ter 48 hours. Ho~ever they did not report what percentage of the Cr inthe leaf was labelled. Starich and Blincoe (1983) labelled the Cr in alhlfa seeds and in Brewers yeast.They observed that approximately 30% of the available Cr was absorbed by rats fed on these materials.They also concluded that the organic Cr complex formed by plants was stable in the rat gut as far as thelarge intesune. Most of the studies of Cr uptake by humans have involved feeding of Cr salts and thesignificance of organic complexes has been rieglected.

NICKEL IN PLANTS

Content in Plant Tissue

Nickel is a normal component of plant materials and. the concentration in uncontaminated areason a dry weight basis commonly ranges horn 0.01 to 5 yg g'Vanselow, 1966; Welch, 1981). Conterof Ni for field crops appear to be within this range (Adriano, 1986), although Heinrichs and Me(1980) reported values from 1 to 15 pg g 'or forest trees. The distribution of Ni in plants can, however.alter rapidly when growth changes from vegetative to reproductive Mitchell er al.(1957).

Haq er al. (1980) reported the concentration of Ni in swiss chard grown on forty six soils RomOntario. The mean concentration was 4.6 yg g', but with a range from 0.01-48.0 gg g '. Much largervalues are commonly found in plants associated with soils derived fmm ultramafic rocks. The normalrange of concentrations in plants growing on serpentine soils is 20-100 pg g', but values of more than5000 pg g 'ave been reported (Brooks, 1987).

Contents of Ni in some grasses and clovers form many pans of the world are shown in Table 15.Ranges and means for clovers are generally higher than for grasses (Kabata-Pendias and Pendias (1984).Data for edible plant parts indicate relatively high contents in lettice, cucumber and snap bean pods whenexpressed on a dry weight basis (Table 16). Comparable data for cereals shows that oats are generallyhigher in Ni than either barley or spring or winter wheat (Table 17). Data for Canadian wheat showeda mean value of 2.79 yg g'ry weight.
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Table 15. Mean levels and ranges of nickel in grass and clover at the immature growth stage
from different countries (after Kabata-Pendias and Pendias, 1984).

Grasses C70vers

Country

Belgium

Great Britain

East Germany

England

Hungary

Ireland

Poland

U.S.

Lithuania

0.9-1.3

0.84-2.4'.3-2.5

0. 15-1.08

1.7

0.4

0.8-2.2

0.3-1.6

( 0.07-0.672.4-I.8'.4
0.9

0.13

Range

gg g'ry weight

1.34.2'.0-1.3'.2

1.4-2.4~

0.2-2.5

(0.5-5

1.9

2.7

1.2

15'.6'ange

gg g 'ry weight

'For freely and poorly drained soils, respectively
'For meadow and red clover, respectively
'Calculated f'rom AW basis for alfalfa
'For meadow hay and grass crop, respectively
'Clover-timothy hay

Table 16. Nickel content of various edible plant parts (from Kabata-Pendias and Pendias.
1984; Dang er al.. 1990).

Plant pg g
Fresh weight

pg a'lant
Dry weight

paa'g g
Fresh weight Dry weight

Sweet corn,
grains 0.04-0.06 0.224.34

Carrots 0.02-0.03 0.26-0.98

Snap bean,
pods 0.02-0. 18 1.7-3.7

Onions 0.06-0.57 0.594.84

Kidney beans

Peas

Cabbage leaves 0.054.20

Potatoes 0.04-0.56 0.29-1.0

Tomatoes 0.02-0.03 0.434.48
0.62-3.3 Cucumbers 0.01-0.05 1.3-2.0

Fenugreek
leaves

0.03 Apples 0.0034.08 0.06

Lettuce 0.014.14 1.0-1.8 Oranges 0.008 0.39
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Table 17. Nickel content of cereal grains Rom different countries
(after Kabata-Pendias and Pendias, 1984).

Country

Canada

Finland

West Germany

Cereal

Oats

Barley

Oats

Spring wheat

Barley

Rye

Wheat

Range

0.134.14

0.43-0.46

0.21-0.27

gg g'ry weight

2.79

0.14

0.44

0.24

0.9

1.0

0.4
Norway

Poland

Sweden

United States

Lithuania

Oats

Winter wheat

Winter wheat

Barley

Oats

Spring wheat

Winter wheat

Oat meal

Wheat bran

0.29-2.62

0.24.5

0.3O.7

0.104.67

(0.274.94

0.17-0.67

0.184.47

1.23

0.4

0.5

0.20

0.53

0.32

0.25

2.55

3.60

Pot experiment

Essentiality of Nickel for Proper Plant Growth

The criteria for establishing that an element is essential for plants are not standardised. Amon and
Stout (1939) proposed three criteria: the element must be present for the plant to complete its life cycle;
the action of the element must be specific and cannot be replaced by other elements; and the action must
be direct. These have been subject to limitations. For example, the requirement for specificity cannot be
applied completely in the case of chlorine because bromine can be a partial substitute, and the need for
molybdenum depends on the source of nitrogen available. Epstein (1965) suggested that in addition to
the requirement for the element to be present to allow the plant to complete its life cycle, an element
should be considered essential if it is a constituent of a molecule known to be an essential metabolite.

Asher (1991) pointed out that while it may not be possible to establish essentiality, non-
essentiality cannot be proved. Until 1987 the essentiality of Ni for plant growth remained unproven,
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although its effects on growth were known. Mishra and Kar (1974) reviewed earlier literature that showed

growth stimulation. General increases in growth were reported for Chinese hemp, wheat, grape vines,

cotton seedlings, paprika and tomato. Expansion of etiolated leaf discs and stem sections. and elongation

of sunflower hypocotyl sections were also reported. Mishra and Kar also recorded two reports that in

solution culture, Ni was essential for the growth of pine seedlings.

Dixon er al. (1975) demonstrated that urease isolated f'rom jack bean, Canavalia ensiformis, was

a Ni-metalloenzyme having approximately two Ni atoms per 100,000 daltons. The oxidation state of Ni

in the enzyme was Ni(O). Polacco (1977) concluded that Ni"-'as essential for the synthesis of active
urease and subsequent nitrogen metabolism in soybean tissue culture supplied with urea. Eskew er al.
(1983) showed that 28% of leaflet tips of soybeans grown in solution culture developed necrotic lesions
unless at least ling Ni L 'as present in the growing medium. The necrotic areas contained 25 mgg'rea,but no urea accumulated in plants receiving Ni.

As Shimada and Ando (1980) had found that Ni could increase urease activiry in soybean and
tomato leaves, Eskew er al. (1983) concluded that this concentration of urea was sufficiently toxic to
induce necrosis. They also found that the urease ictivity of seeds produced by these plants was increased

by the addition of Ni to the culture solution. In second generation soybeans, lesions developed in plants
supplied with mineral nitrogen (nitrate and ammonium ions) as a source of nitrogen and in plants that
fixed their own nitrogen from the atmosphere. Plants that fixed their own nitrogen developed nearly 50%
more lesions than those provided with mineral nitrogen. This is consistent with the suggestion that the
requirement for urease, and hence Ni, could be greater in soybeans fixing nitrogen since most of the fixed
nitrogen is transported as ureides that are metabolised to urea. These results are consistent with the
second criterion of Epstein (1965) for essentiality. However, Eskew er al. (1983) did not establish that
the life cycle could not be completed in the absence of Ni. In a f'urther study, Eskew er al. (1984)
demonstrated specificity of Ni in urease by showing that in soybeans Al, Cd, Sn and V could not
substitute for Ni in overcoming necrosis. They showed further that necrosis of leaflet tips in cowpea
supplied with mineral nitrogen could be prevented by providing Ni-EDTA in the culture solution.

Brown er al. (19S7a) was able to establish that Ni was required for barley to complete its life

cycle. Grain containing less than 30 ng Ni g'ry weight was inviable. Supplying the parent plant with
1 pM Ni in the nutrient solution produced fully viable seed. Parents of seeds having reduced viability had
smaller fresh weights and developed chlorotic stripes on leaves which could be alleviated by supplying
Ni (Brown et al., 1987b). The tissue concentration of Ni that gave optimum shoot growth and seed
viability was approximately 100pg kg'. Brown er al. (1987b) also found that urea concentrations were
increased more than tenfold in barley plants grown in the absence of Ni. These results taken together with
those of Eskew er al. (1983; 19S4) satisfy the criteria of essentiality for higher plants.

Nickel is required for growth of blue-green alga Oscillarora sp, strain 3NT (Van Baalen and
O'Donnell, 1978). Maximum growth was achieved at a concentration of 0.5 pM Ni"-'n the growing
medium. As casamino acid failed to stimulate growth, either in the presence or absence of glucose, the
authors concluded that Ni did not act directly through nitrogen fixation or carbon transformations. Ferago
and Cole (1988) suggested that Ni might be implicated in the metabolism of urea. Oliveira and Amia
(1986) found that Ni was required for unrestricted growth of several marine microalgae receiving urea
as their nitrogen source. Ni has also been shown to restore urease activity in a urease-deficient mutant

of Aspergiilus nidulans (Mackay and Pateman. 1980).



Bartha and Ordal (1965) identified a specific Ni requirement for growth of two strains of
Hydrogenomonas (now Alcaligenes) bacteria that can grow on H,, O. and CO.. Optimum gro'ccurringat a concentration of 3 x 10' NiCI. in the growing medium. Repaske and Repaske (15obtained similar evidence for a Ni requirement in Alcaligenes eurropus. Thauer er al. (1980) stated thaithere was evidence that the Ni requirement was for a ¹iprotein hydrogenase. They reported similar
information for the acetogenic bacteria. Synthesis of carbon monoxide dehydrogenase in the methanogenic
bacterium Closrridium pasreurianum is Ni requiring (Diekert et al., 1979). Ellefson er al. (1982) showedthat the chromophore of the enzyme methylreductase in Merhanobacrerium rhennoaurorrophi curn was theNi containing factor F~. This factor has one mole of Ni per mole. The weight of evidence now stronglysupports acceptance of Ni as an essential element in plants.

Uptake of Nickel

Warren and Delavault (1954) reported that generally there was a good correlation between theNi content of plants and that of the Ni content in a wide range of Canadian soils. Halstead er al. (1969)showed that the Ni content of plants depended on the pH. organic matter content, cation exchangecapacity, and the amount of phosphorus fertilizer applied. Haq er al. (1980) showed for forty six soilsof Ontario that clay content, organic matter content, pH and cation exchange capacity were important soilfactors in determining the availability of Ni to plants and its subsequent uptake. Proctor and McGowan(1976) showed that magnesium additions to the rooting medium could overcome the toxicity of Ni in oats.Robertson (1985) suggested that Ni competed with magnesium at important sites for growth. postulatedas membrane-bound ATPases. Adding an excess of magnesium ions (at least 30:1 in the rooting medium)could exchange with the Ni so restoring growth. He showed that calcium could have the same effect asmagnesium in corn, but an excess of 100:1 was needed in this case. This effect conflicts with th~conclusion of Crooke (1956) that the effect of calcium was simply due to pH.

In contrast to Cr more Ni was taken up from soil treated with sewage sludge than from soil towhich inorganic forms of Ni had been added (Cunningham er al., 1975). In rye. the Ni absorbed gaveconcentrations in plant tissue that exceeded 20 pg g', the value considered toxic in that plant. Tissueconcentrations in corn were less than 10 pg g'. Detailed investigations of the uptake of ¹i" by soybean(Cataldo er al., 1978a) and by oats (Aschmann and Zasoski, 1987) show that the content of Ni in shootsis dependent on the concentration in the rooting medium. Cataldo er al. (1978a) found that the uptake wasindependent of pH over the range 4.5 to 7.0. Once inside the root only 15% of labelled ¹i"'assed tothe shoots within the following 24h period (Cataldo er al., 1978b). The rate of transport from root toshoot was less than 10% of the rate of root absorption (Cataldo er al. 1978a). They concluded that thetransfer of Ni f'rom root to shoot may be controlled by partitioning of the element between transport andstorage pools, or by the metabolic regulation of stelar parenchyma.

Translocation of Nickel

Translocation of Ni in the xylem was investigated by Tiffin (1971) for tomato, cucumber, corn(maize), carrot and peanut. In all species Ni was present in the xylem bound to an anionic organic carrier.The Ni complex was considered to be relatively more stable than those of Mn, Co or Zn. However intomato and corn there was less carrier present than in the other species and increasing the Ni content inthe rooting medium saturated the carrier and with the subsequent appearance of Nr" in the xylem sap
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. &.'Tiffin,1971; 1972). Cataldo et al. (1978b) showed that in soybean Ni was transported both as anionic-

and cationic organic complexes that were highly mobile. Leaves were the major sink during vegetative

growth. At senescence more than 70% of Ni present in the shoot was retranslocated to seeds where it was

found mainly in the cotyledons. Cataldo et al. (1987) showed that one of the anionic species of nickel

in soybean xylem sap was a tripeptide containing aspartate and glutamate.

Wiersma and van Goor (1979) showed that Ni complexed with a negatively charged organic
material is transported in the phloem of Ricinus communis. The molecular weight of the organic
compounds appeared to lie between 1000 and 5000 and were thought to be polynucleotides or nucleo-

proteins. Limited transport of Ni from shoots to roots occurs in plants given foliar sprays of Ni as

sulphate or chloride (Cash and Leone, 1987).

Nickel Toxicity

Although as an essential element Ni is important for growth and development, its excess can have
a marked effect on plants. Wood et al. (1975) classified the elements in terms of their toxicity and

ubiquity. Nickel was the third most toxic element based on these criteria. Toxic concentrations of Ni

generally lie within the range from 10 to 100 pg g 'ry weight (Kabata-Pendias and Pendias, 1984).

General symptoms of nickel toxicity
General symptoms of Ni toxicity are poor growth and chlorosis that can lead to foliar necrosis.

In monocots the chlorosis takes the form of leaf striping and in dicots leaf mottling is common
(Hutchinson, 1981). Vergnano and Hunter (1953) observed the development of symptoms in oats supplied
with Ni sulphate. Root growth was reduced. both in terms of length and branching. The first symptom
in the shoot was a slight mottling at the leaf tip followed within hours by the developinent of
longitudinally striped colourless areas. Depending on the concentration of Ni in the rooting medium,
leaves that developed subsequently were narrower than leaves initiated in the absence of additional Ni,
and chlorosis was diffuse or occasionally interveinal. Leaves could also remain curled and stunted before
becoming colourless and dying. In chlorotic areas most epidermal cells were disrupted with some cells

being enlarged. Cell damage was first observed close to the stomates. The mesophyll was first distorted
with a widening of intercellular spaces below the stomates, then cell lysis occurred. Vascular tissue
remained unaffected until some necrosis was observed in the phloem after the mesophyll had

disintegrated. They concluded that Ni accumulation probably first occurs close to the stomata, af'ter

transport through the vascular bundles. Some transport was thought to be in the phloem. They attributed
a lack of damage in the xylem to the absence of cytoplasm in the vessels.

Cash and Leone (1987) observed interveinal mottling and chlorosis in tomato leaves. In plants
receiving a foliar application of Ni there was a tendency for leaf epinasty. Roots grown in solution culture
containing excess Ni were stunted, poorly branched and had a slimy brown appearance. Branching was
affected because laterals failed to develop, although more were initiated. The stunting of roots was
attributed to loss of meristematic activity, possibly due to the inhibition of RNA-polymerase, or to
reduced availability of ATP because of direct binding with Ni. Robertson (1985) showed that in corn,
Ni ions in the rooting medium arrested mitosis.

Foliar applications affect plant growth at lower concentrations than did root treatments. In

chlorotic leaves, effects were similar to those described by Vergnano and Hunter (1953). In addition,
Cash and Leone (1987) noted that cork development was common and there was a less distinct starch
sheath. Vascular areas had increased development of secondary xylem and less phloem. Since Ni



g~ L pcdu~
l~s~Gkg concentrations in the atmosphere are much less than the 100 pg mL ', Cash and Leone (1987) needed to

apply Ni as a foliar spray to produce foliar injury. They thus concluded that there is no threat to tome

plants grown in the field. However they argued that since translocation of the foliar applied Ni did occ&

some could be transferred to the fruit and so pose a threat to the consumer.

However, Ni Rom sprays or from atmospheric deposition could also be injested following
adsorption onto cuticular material. Charnel and Neumann (1987) found that only about 3% of nickel
sorbed by tomato fruit cuticle could be removed by rinsing in ~ater. However the remainder could all
be removed by hydrochloric acid. Thus in the stomach, this would result in a direct exposure to the metal
ions. The results of Charnel and Neumann (1987) also indicated that the adsorbed metal could also move
through the cuticle and hence could be available for incorporation into the underlying fruit tissue.

Rauser (1978) showed that Ni decreased dry matter production in bush beans. As leaf angle also
changed from being essentially horizontal to being vertical, reduced light interception may account for
the reduction in dry matter. The presence of excess Ni also resulted in almost a doubling of the starch
content of leaves and a shift in the form of phenolics within the leaves towards apolar molecules.

Toxic effects of Ni (and of Co, Cu, Zn, Mn and Mo) are associated with large concentrations
of the element in leaf tissue, but this is not always so with Cr and Al. When Ni was supplied to oats
growing in solution culture at sufficient concentration to cause toxicity, nitrogen concentrations in the
plant were reduced and phosphorus concentrations declined (Hunter and Vergnano, 1953).

Brookes (1987) has reviewed the literature on the causes of infertility in serpentine soils, and
concluded that Ni toxicity is an important if not overriding component. Moral (1982) used binary
discriminant analysis to analyze relationships between species distribution and environmental variables.
He concluded that effective moisture is the main factor controlling the distribution of plants that ha~

some tolerance of the metals.

Brookes and McGrath (1984) showed that the soil microbial biomass was sensitive to Ni from
sewage sludge. At a site receiving 4000 mg Ni kg'ludge microbial biomass was reduced by 53%
compared with soil receiving uncontaminated sludge. At this same site Burrow and Burridge (1984)
reported that the Ni contents of timothy, ryegrass and clover plants from the area receiving the high-Ni
sludge was 18.1, 24.5 and 24.1 pg g'espectively. These were approximately ten times greater than
values for plants from areas not receiving sludge. However it was not recorded whether any of the plants
showed signs of No toxicity.

There are few published values for critical concentrations of Ni for phytotoxicity. Aller et al.,
(1990) quote values of 26 pg g 'or barley seedling, 50 pg g'or ryegrass, and 40-246 pg g 'or oat
leaves. Davis and Beckett (1978) determined the concentration of Ni in plants above which dry matter
yield was reduced. They obtained values of 12 and 14 pg g'. for young plants of spring barley and
perennial ryegrass (Lolium perenne). Davis er al. (1978) gave a value of 26 pg g'or spring barley. The
results for barley would appear to make it a usef'ul indicator species for elevated Ni levels in agriculture.
Oats have been used to identify nickel toxicity in soils (Vergnano and Hunter, 1953). Halstead er al.
(1969) estimated that critical concentrations of Ni in oat straw and in alfalfa tops were 28pg g'nd 44pg
g'espectively. Davis and Beckett (1978) determined the crtical values for Ni in solution culture
experiments, so it was possible to obtain the Ni concentration in the rooting medium that corresponded
to the critical concentration in the plants. Growth of perennial ryegrass was impaired at concentrations
of Ni above 0.3 pg mL-', whereas the corresponding value for barley was 5.9 pg mL-1. Thus although



the critical tissue concentration was little different between the two plant species, it appears that ryegrass

was more susceptible to low concentrations of the ion in the rooting medium than was barley.

sects on specific processes
Bazzaz er al. (1974) showed that Ni reduced photosynthetic activity in sunflower, the rate being

halved at a leaf tissue concentration of 79 pg g'. They found that the primary cause was stomatal closure.

Nickel can also substitute for Mg" in the ternary complex formed between RubisCo (ribulose 1,5

biphosphate carboxylase/oxygenase), CO, and Mg". This results in a decrease in RubisCo activity (Van

Assche and Clijsters, 1990). Mohanty et al. (19&9) concluded that Ni could also impair electron transport
within chloroplasts by modifying the functioning of the secondary quinone electron acceptor in

photosystem II.

Nickel inhibited nitrogen fixation by soybean nodules, possibly because of a reduction in

leghaemoglobin (Vesper and Weidensaul, 1978).

The acid phosphatase activity at the root surface of Allysum benolonii (a Ni accumulating plant
found on serpentine soils) was greatly stimulated by 0.01 mM Ni" in solution culture. The activity was

further stimulated by 0.01 mM Ca'+, but only if 0.1 mM Mg"- was also supplied. The activity of nucleic

acid dephosphorylation in soil microbes has been shown to be inhibited by the presence of Ni ions

(Frankenberger et al., 1986).

Plant Tolerance to Nickel

Metal-tolerant species have developed various means of overcoming excessive concentrations of
available Ni. A high degree of tolerance can be afforded by sequestering Ni in the cell walls. The strong
binding of the metal outside the cytoplasm excludes Ni from potentially sensitive sites.
Cutnming and Taylor (1990) reviewed evidence that in prokaryotes one mechanism of Ni tolerance is an

inducible trait resulting from the formation of an active specific ion-efflux ATPase, the genes for which

are located in plastids. They concluded that although specific mechanisms are not well characterized in

higher plants, such efflux systems are consistent with observations on ATP and protein production in

metal tolerant species.

Woolhouse (1983) postulated that Ni tolerance in Agrosris depended on reduced metal uptake,
such as occurs in Escherichia coli where reduced activity of the magnesium carrier is considered

responsible (Webb, 1970). Other tolerant species complex Ni as a citrate or a malate complex (Ferago
and Cole, 1988). Some tolerance to Ni in paper birch (Betula papyrifera) resulted from ectomycorrhizal

infection, but the protection afforded depended on the fungal species involved (Jones and Hutchinson,

198&a). The greater tolerance was induced when the mycorrhizal fungus continues to grow in the presence

of Ni. The mechanism of increased meal tolerance was not identified, but it was not through the

prevention of Ni-induced reductions in the rates of photosynthesis or respiration. Jones and Hutchinson

(1988b) showed that Ni was concentrated in the roots of the birch, and more was concentrated if the roots

were infected with the f'ungus Sclerodermafiavidum which induced the greater tolerance. Nickel generally

reduced the concentration of P, Mg, Ca and Fe in the shoot, but in plants infected with S. fiavidum the

distributions of Ni and of P were parallel. Jones and Hutchinson (1988b) suggested that the induced

tolerance was due to the Ni being bound in polyphosphate bodies where it would be physiologically inert.

There was further support for this theory because the Ni was less readily exchangeable with calcium if

the birch plants were infected with S. fiavidum (Jones, Dainty and Hutchinson, 1988).



the birch plants were infected with S. jlavidum (Jones, Dainty and Hutchinson, 1988).

Some plants appear to be particularly tolerant of Ni and will actually accumulate the metal in thei.
tissues. In Canada, populations of Deschampsia cespirosa and hgrosris giganrea from around Sudbury,
Ontario showed increased tolerance to Ni ion solution culture (Hogan and Rauser, 1979; Cox and
Hutchinson 1980). Deschampsiajlexuosa 1.6 km from the Coniston Smelter growing on soil containing
1710 pg Ni g'n the top 50 mm of soil contained 902 pg Ni g'n the foliage. In contrast, the foliage
of Vaccinium angusnfolium (blueberry) at the same site contained only 92 pg Ni g '. Some populations
ofPhragmires communis can also accumulate Ni, and this attribute is being used in trials to remove heavy
metals Sam sewage and waste water treatment plants.

Interaction of Nickel and other Nutrients

Foy er al. (1978) concluded that Ni causes an actual deficiency of iron by inhibiting translocation
of Fe from roots to shoots. This was also observed by Crooke and Inkson (1955) in oats, but Khalid and
Tinsley (1980) found that concentrations of iron increased in shoots of ryegrass showing nickel
toxicity.The presence of elevated levels of Cu reduced Ni accumulation in root tissue of red maple, red
pine, dogwood and honeysuckle. In dogwood the concentration of Ni in stems and leaves was also
reduced, but more Ni was found in the leaves of pine when Cu was also present (Heale and Ormrod,
1982).

Hunter and Vergnano (1953) observed that Cu reduced leaf necrosis caused by toxic
concentrations of Ni, but the concentration of Ni in the tissue was not affected. They suggested that Ni
might be inhibiting one or more functions of Cu. In their experiments Al also reduced toxicity symptoms
due to Ni, and this was attributed to reduced uptake of Ni and phosphorus.

Cataldo er al. (1978) showed from the uptake kinetics of NP+ that Cu'+ and Zn'+ competitively
inhibited Ni'+ absorption. The ions Fe"-'nd Co" also inhibited NF'ptake but the mechanism could
not be established. Crooke and Inkson (1955) found that nickel reduced the yield of oats grown in sand
culture. Additions of calcium and potassium offset this effect but phosphate reduced yields further.
Phosphate also exacerbated the degree of necrosis observed whereas N, Ca, Mg and K applications
alleviated the symptoms.

Khalid and Tinsley (1980) found that ratio of Ni to Fe in the plant was a better indicator of
phytotoxicity than was the concentration of the individual metals. A ratio & 1 was associated with toxicity
and a ratio ) 2 was found in plants showing a higher degree of chlorosis and necrosis. Complex
interactions in tomatoes were reported between Ni, Cu and ozone by Prokipcak and Ormrod (1985).
There was however no interaction between Ni and ozone in soybean.

Anthropogenic Sources of Nickel and Plant Contents

The main anthropogenic sources of Ni that are likely to be available to crops in Ontario are field
applications of sewage sludge, the burning of fossil fuels and from Ni smelter emissions. The emissions
from the smelters in the Sudbury region of Ontario have received considerable attention from research
workers. Hutchinson and Whitby (1977) showed that over 28 days, metal inputs from smelters to
ecosystems varied f'rom almost 300 mg m'00 m from a source to 3 mg m't 56 km. Although plants
could not survive in soil collected 8 km from the Coniston Smelter, treating the soil with lime allowed
oats to be grown on soil 1.5 km from the smelter. Freedman and Hutchinson (1980) gave the best fit
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1.0 Introduction and Obiectives
Nickel is one of the most important metals in the industrialized
world, being used for a wide range of commercial and industrial
applications including electroplating, alloy production, organicchemical manufacturing, hydrocarbon refining and batteries. It isalso ubiquitously present in various environmental matrices. Itis the 23rd most abundant element in the lithosphere, with anaverage concentration of 75 mg.kg , although commercially-

exploitable Ni deposits found in certain types of igneous rock
may contain more than 10,000 mg.kg (Nriagu 1980). Average soilconcentrations range from 5 to 500 mg.kg depending on soil andbedrock type, while the concentration in most terrestrial plantsranges from 1 to 6 mg.kg (Nriagu 1980, Hutchinson 1986).

Canada is one of the leading producers and exporters of Ni oreand Ni metal. In 1986, total Canadian production of Ni was 1.64 X10 tonnes (10 kg), approximately 214 of world production
5 3

(Energy, Mines and Resources Canada 1988) . This level of globalexploitation adds significantly to the amount of Ni mobilizedfrom the geosphere to the biosphere, being roughly two to threetimes the rate of natural mobilization (Fishbein 1981, Nriagu1980, Galloway et al. 1982). Mining and ore smelting processesalso result in point-source atmospheric emissions of largeamounts of Ni into the Canadian environment, mostly from thesmelters at Sudbury, Ontario. NRCC (1981) estimated that
atmospheric Ni emissions from anthropogenic sources in Canada in



— the influence of environmental, chemical and physiological
factors on Ni bioaccumulation and toxicology,

— food-chain transfer of Ni, and
— possible changes in the quality or quantity of prey populations

of wildlife due to Ni pollution.

Although an extensive literature exists regarding Ni levels invarious wild mammals and birds, little toxicological informationis available. Hence, data from studies with laboratory or
domestic animals will be used to estimate likely toxic exposurelevels and effects in wild animals.

~1. Nickel Biocreochemistrv
Approximately 2.6-3.1 X 10 t Ni is introduced into the
atmosphere annually from natural sources including continentaldust uplift, volcanoes and forest fires (Nriagu 1980, Galloway etal. 1982), while an additional 1.35-2.2 X 10 t is removednaturally from continents and enters oceans via rivers (Nriagu1980, Gibbs 1977). By comparison, estimates of anthropgenic

atmospheric emissions of Ni range from 4.7 to ll X 10 t per year(Nriagu 1980, Galloway et al. 1982), while human disposal of Niwaste contributes 0.4 X 10 t to marine ecosystems (Nriagu 1980).Uptake into the biosphere from the geosphere amounts to 90 X 10t annually, with a total Ni content of 1.4 X 10 t in terrestrialbiomass and 1.1 X 10 t in marine biomass (Nriagu 1980).



Much of the Ni emitted globally into the atmosphere from bothnatural and anthropogenic sources is in an oxide form, because ofoxidation processes at the site of emission (Fishbein 1981, NRCC1981). In Canada, however, Ni deposits are found exclusively insulfide ores (Hutchinson 1986). Hence, Ni subsulfide and sulfatepredominate (774 of total dust) in the flue gas of Canadian Nismelters (Gilman 1962). Atmospheric Ni exists mainly inparticulate form, especially in respirable particles &2 umdiameter (NRCC 1981). The only gaseous Ni compound of po~+iDenvironmental concern is Ni carbonyl (Ni (CO)4), a toxic,lipophilic, volatile gas which is formed during low temperaturemetallurgical operations with Ni (NRCC 1981). It is of littleconcern outside of industrial areas, since its halfis &0.1 s (Stedman and Hikade 1980), compared to an

life in air
averageresidence time in air of 5.4-7.9 d for inorganic Ni particulates(Schmidt and Andren 1980).

In addition to the "incidental" production of Ni compoundsmentioned above, a number of other inorganic Ni substances are ofcommercial importance, and therefore are potentially
environmentally significant. Nickel carbonate is produced inlarger quantities than any other Ni compound (Fishbein 1981), foruse in the production of catalysts which are in turn used inedible oil manufacture, petroleum refining and organic chemicalmanufacturing (NAS 1975). Nickel sulfate, apart from being a by-



The only piece of evidence required to confirm Ni's essentialityin animals is the occurrence of Ni-requiring enzymes or proteins(Nieboer et +. 1988). The presence of Ni metalloenzymes has beenunequivocally demonstrated in plants (Dixon et al. 1975, Gordon1978, Eskev et +a . 1983) and bacteria (Albracht et +.1983, Canovas-Diaz and Hovell 1986). In both taxonomic groups, Nivas involved in nitrogen metabolism, since it vas demonstrated tobe either an essential component of urease, or to promote itsfunction. Spears ~ ~. (1977) and Spears and Hatfield (1978)found that normal levels of Ni (5 ug.g PR ) in the diet of lambsstimulated nitrogen retention and protein synthesis by bacteriain the rumen, suggesting indirectly that the proper utilizationof dietary nitrogen by ruminants requires Ni. There is as yetinsufficient data to definitively specifiy minimum daily Nirequirements for animals or humans (Nieboer + ~. 1988, Nielsen1984), although Clemente ~ gQ. (1980) suggested that 200-300-1ug.d may be adequate for humans.

Absorption of Ni in animals may occur by inhalation, ingestion ordermal contact vith Ni compounds. In unpolluted environments,most Ni probably enters the body via ingestion of food and vater,because of the ubiquitous distribution of Ni in soil andvegetation at concentrations three orders of magnitude higherthan in air (Schmidt and Andren 1980, NRCC 1981). Clearance ofinhaled Ni particulates from lungs by macrophagic and mucociliaryaction (Crapo et ~. 1982, Nieboer ~e ~. 1988) vould tend to add



~0 gioaccumulation of nickel ~n ~W'ldlifeThis section reviews data on Ni concentrations in mammalian andavian wildlife in pristine and polluted habitats. The kinetics ofCr uptake, localization within tissues and excretion are alsodiscussed, based on laboratory, domestic and wild animal studies.

Haeckel Concentrations jg ~W ldife
Nickel concentrations reported in field populations of wildmammals (23 species) and birds (22 species) are presented inTables A and B, respectively. Although relatively few specieshave been surveyed, some of the studies involved inter-regionaland inter-specific comparisons, while others examined age, sexand seasonal differences in Ni accumulation within certainspecies. In these respects, the available data are morecomprehensive than those relating to Cr in wildlife as reportedin Outridge (1991). Also, the methodological difficultiesassociated with measurements of Cr prior to 1980 do not pertainto Ni: hence, analytical variability in the data should be less.A common difficulty with Ni and Cr, however, is that knowledge ofthe metabolically essential "baseline" concentrations of these

~l~k~ p~&~
metals is lacking; hence, the biological and toxicological &~lh'ICr ~isa 4'+~~significance of specific tissue concentrations are unclear.~~~64,

~~M+C ~si 4 ~Jo~
Waaaaaa 'c4yer chdL

Nickel concentrations ranged from ca. 0.1 to 4 ug.g DW in &N6.%kb'=~
4p+Wt 4~Q

various tissues of mammals in unpolluted habitats, and from 0.5 IMAM&to 10 ug.g DW in specimens collected from polluted environments

11



Despite the association of Ni with reproductive organs in at
least some mammals, reproductive state does not influence the Ni
body burdens of mammals. Comparisons of males vs females (Woolf
et al. 1982, Honda et al. 1987, Fujise et, al. 1988) and pregnant
vs non-pregnant females (Honda et al. 1987) revealed no
significant differences between groups. Age, however, was an
important variable. In general, Ni increased with age in various
organs of both terrestrial (Fitzgerald et al. 1985b, Honda et al.
1987, Woolf et al. 1982) and marine (Fujise et al. 1988, Honda et

1982) mammals. In serows, the relationship is linear in
animals up to 17 yr age (Honda et al. 1987). This pattern
suggests either that Ni is required in increasing amounts by
ageing animals, or that Ni excretion is an extremely slow process
compared with assimilation. Studies with laboratory animals (see
Section 2.2.3) do not support the latter suggestion.

Fetuses of a variety of species contained significantly lower Ni
concentrations than their mothers or juvenile animals (Honda et
al. 1987, Woolf et al. 1982, Fujise et al. 1988, Fitzgerald et
al. 1985b, Honda et +a . 1982). In light of the fact that the
placenta is permeable to Ni (see Section 2.2.4), this finding
suggests that the transfer of Ni to the fetus is under close
homeostatic regulation in wild mammal populations.

Trophic position does not appear to be a significant factor
influencing Ni concentrations in mammals. Wren et al. (1983) and

13



Table $ . Nickel concentrations in mammalian wildlife.
(Ni concentrations in ug.g dry wt (DW) or fresh wt (FW), ?

indicates weight basis unknown; Data are represented as the
range, or as mean+S.E.; * — indicates significant difference
between polluted and unpolluted areas; + — reports did not
describe pollution levels of study area; 4 — data estimated from

graphs).

Sbecies.
Location

Tissue fNi1 I'Nil
Unpolluted Polluted

Areas Areas

Reference

Antilocaora americana
(pronghorn antelope),
S.E. Montana

liver
kidney

(0.5-3 DW
(0.5-3 DW

Blarina brevicauda
(short-tailed shrew),
dredge spoil sites,
N.E. USA

whole 10 DW

Blarina brevicauda,
highway verges,
Virginia

whole 1.27-1.36 DW 1.01-1.59 DW 9

Blarina brevicauda,
undeveloped ore
deposit, Wisconsin

whole 1.2-2.8 FW 13

Canis latrans (coyote), hair 0.67 FWundeveloped ore liver 0.10 FWdeposit, Wisconsin kidney 0.10 FW

13

15



Table A cont'd.
Lutra canadensis,
Tadenac Lake, Ontario

liver
kidney
intestine
muscle

0.5 ?
0.7 ?
0.4
0.9 ?

10

Lutra canadensis,
S. Ontario

Muskoka

Turkey Lakes

Sudbury

liver
kidney
liver
kidney
liver
kidney

0.40+0.02
0.57+0.13
0.46+0.07
0.76+0.18

FW
FW
FW
FW
0. 52+0. 05 FW
0.44+0.08 FW

Lutra canadensis,
undeveloped ore
deposit, Wisconsin

hair 13

Microtus aennsvlvanicus whole
(meadow vole), dredge
spoil sites, N.E. USA

4.6 DW

Microtus nennsvlvanicus, whole 1.36-1.76 DW 1.34-2.47 DW 9
highway verges, Virginia
Microtus oennsvlvanicus, liver
sewage-effluent kidney
amended forest andfields, USA

Microtus nennsvlvanicus, whole
undeveloped ore
deposits, Wisconsin

0. 56 FW
2.57 FW

0. 99-1. 7 FW

0. 43 FW
1.40 FW

13

Mus musculus (house
mouse), dredge spoilsites, N.E. USA

whole 3.7-9.6 DW

Mus musculus, highway
verges, Virginia

whole 0. 23-1. 62 DW 9

Mustela vison (mink),
S. Ontario

Muskoka

Sudbury

liver
kidney
liver
kidney

0.74+0.13 FW
0.59+0.06 FW

0.69+0.09 FW
0.56+0.03 FW
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Table g cont'd.
Rattus norvecricus
(Norway rat??),
highway verges,
Virginia
Sorex cinereus
(shrew), highway
verges, Virginia

whole

whole

1.60 DW

4.19 DW * 0.73-0.93 DW 9

Sorex cinereus,
undeveloped ore
deposit, Wisconsin

whole 1.5-2.4 FW 13

Stenella coeruleoalba
(striped dolphin),
Cardigan Bay, Wales

Stenella coeruleoalba,
Japan

blubber
melon
muscle

liver
kidney
muscle
stomach
bone
blubber
skin 0.
adrenal gland
intestine
pancreas
spleen
lung
brain 0.
placenta
mammary gland
umbilical cord
uterus

&0.5 FW
&0.5 FW
&0.5 FW

0.19 FW
0.13 FW
0.09 FW
0.11 FW

01-0.15 FW
0.16 FW

43-7.94 FW
0.51 FW
0.16 FW
0.20 FW
0.19 FW
0.16 FW

09-0.41 FW
1.63 FW
1.25 FW
1.21 FW
1.29 FW

12

Tursioos truncatus
(bottle-nosed
dolphin), Cardigan
Bay, Wales

blubber
melon
muscle

&0. 6 FW
&0.3 FW
&0.5 FW

References: 1 - Honda et al. (1987), 2 — Morris et al. (1989), 3

— Beyer et al. (1990), 4 — Woolf et al. (1982), 5 — Munshower and

Neuman (1979), 6 — Fujise et al. (1988), 7 — Wren et al. (1983),
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ingested dose is not too high (see Section 2.2.1). Strangely, in

several instances (Sorex and Peromvscus (Scanlon 1987);

Peromvscus (Anthony and Kozlowski 1982); cattle (Fitzgerald et
al. 1985b)), mammals in contaminated areas had significantly
lover Ni concentrations than those in unpolluted hahitats. Fc&++

p~l~ ~ AFQ~4&

In unpolluted ecosystems, Ni concentrations in most species of

avian wildlife ranged from ca. 0.1 to 5 ug.g DW , and in

polluted systems from 0.5 to 80 ug.g DW (Table B). The latter
data, converted from fresh wt to dry wt by multiplying by 3.5,

were recorded in tree swallows in the Hackensack River valley,
New Jersey (Kraus 1989). As with Cr, Ni contamination in this
population was several times higher than in other species, which

generally contained &30 ug Ni.g DW

Overall, the data indicates that most birds in pristine and

polluted ecosystems contained levels of Ni similar to those in

mammals. This is confirmed by studies which compared sympatric

populations of birds and mammals (e.g. in dredge spoil sites
(Beyer et al. 1990); pristine Shield lake in Ontario (Wren et al.
1983)). There is insufficient data to judge whether Ni varies
with trophic level. In contrast to mammals, however, several
avian species accumulated significantly higher Ni tissue
concentrations in polluted areas than populations in

uncontaminated areas. Nickel levels in the primary feathers of

mallard and black ducks within 30 km of Sudbury, Ontario, were

21



Avthva valisineria
(canvasback duck),
Iowa

liver &0. 02-0. 04 FW

Bonasa umbellus
(ruffed grouse),
Sudbury, Ontario

kidney (May)
(Sept)

liver (May)
(Sept)

muscle (May)
(Sept)

dung (May)
(Sept)

1.7+1.0 DW
&0. 5 DW

0.9+0.3 DW
0.7+0.3 DW

&0.5 DW
0.2+0.1 DW

&0.5 DW
&0.5 DN

* 2.8+0.6 DW 9
* 2.1+0.7 DW

* 1.0+0.3 DW
* 3.5+0.6 DW

1.4+0.8 DW
0.2+0.1 DW

* 19.4+2.8 DN
* 47.7+12.8 DW

feathers- primaries (May)
(Sept)

— retrices (May)
(Sept)

2.9+0.6 DW *
0.8+0.4 DN *
4.3+1.3 DW *

&0.5 DW

7.3+0.6 DW
4.8+0.7 DW

20.1+2.8 DW
1.1+0.7 DW

10

Bonasa umbellus,
S.N. Virginia

feathers 0.01-0.10 DW

Cathartes aura
(turkey vulture),
S. California

liver
kidney

&0. 10 FW
&0.1-0.39 FW

Clanaula hvemalis
(long-tailed ducks),
Gdansk Bay, Poland

stomach
liver
muscle
(breast)
(leg)
heart
feathers

0.057-0.061 FW
0.014-0.021 FW

0.005-0.019 FW
0.025-0.039 FW

&0.005-0.039 FW
0.21-0.44 DW

Corvus corax (common liver
raven), S. California) kidney

Earetta alba modesta muscle
(eastern great white bone
egret), Korea feathers

— abdominal- coverts
— primaries
— remiges

&0.10 FN
&0. 1-0. 12 FN

0. 03-0. 07 FW
0. 03-0. 19 FN

1.59 FW
0.10-0.42 FW
0.14-0.22 FW

0.29 FW

Eulica americana
(American coot),
Tadenac Lake, Ontario

muscle 1.5 FW
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kidney 2. 4-26 DW

Sterna hirundo,
Rhode Island

liver &0.1-1.0 DW &0.1-0.99 DW 17

Tachvineta bicolor
(tree swallow),
Hackensack River,
New Jersey

eggshell
embryo (whole)
pre-fledgling

brain
liver
muscle
gizzard
feather

31.4+11.4 FW
1.6+0.7 FW

27.6+5.2 FW
23.8+7.8 FW
7.6+1.3 FW
9.4+2.8 FW
4.3+1.0 FW

References: 1 — Kraus (1989), 2 — Honda et ~a . (1985), 3

Fleming (1981), 4 — Beyer et al. (1990), 5 — Wren et al. (1983),

6 — Szefer and Falandysz (1987), 7 — Szefer and Falandysz (1983),

8 — Wiemeyer et al. (1986), 9 — Rose and Parker (1983), 10 — Rose

and Parker (1982), 11 — Scanlon et al. (1980), 12 - Scanlon et

~a . (1979), 13 — Ranta et al. (1978), 14 — Falandysz (1986), 15—

Connors et al. (1975), 16 — Wiemeyer et al. (1987), 17 — Custer

et ~a . (1986), 18 — Burger and Glochfeld (1985), 19 - Custer and

Mulhern (1983), 20 — Lande (1977).
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(see Table B). The feathers of the eastern great white egret
contained more than half of the total Ni mass in the body,

suggesting that moulting would remove much of the birds'i
burden (Honda et al. 1985). Rose and Parker (1982) demonstrated

that the feathers of ruffed grouse accumulate Ni from the

environment and do not reflect internal metabolic Ni deposition.

Newly emerged retrical feathers from the grouse were exposed ~n

vitro to atmospheric Ni fallout at Falconbridge, Ontario. Over

four months, Ni content of the feathers was directly proportional
to the exposure duration and Ni concentration in air, with uptake

occurring at a rate of 0.09-0.14 ug Ni.g DW .d . Physico-

chemical surface adsorption was suggested as the uptake process.
It should be noted that the feathers were cleaned of deposited
dust by ultrasonic washing and distilled water rinses prior to
analysis; thus, surface dust contamination can assumed to be

negligible.

While the pattern of Ni internal distribution is variable among

species, for monitoring purposes, analysis of the feathers, salt
glands, kidneys, bone and muscle is recommended as being most

likely to reveal the presence of Ni contamination. Monitoring

techniques involving feathers, and possibly the exudate from salt
glands of waterbirds (Burger and Gochfeld 1985), are particularly
recommended as non-sacrifical methods of gauging the level of Ni

contamination. Analysis of the liver and spleen is not
recommended, as these organs often did not reveal elevated levels
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regarding the influence of age on Ni burdens in birds. All data

refer to Ni in feathers, and may not, therefore, reflect Ni in

other organs, because feathers become essentially isolated from

the rest of the body following keratinization (Voitkevich 1966) ~

Although the feathers of ruffed grouse (Scanlon ~ +. 1980),

mallards and black ducks (Ranta ~ +. 1978) showed no variation

with age, the feathers of adult wild turkeys had 3-fold more Ni

than those of immature birds (Scanlon et +. 1979). Further

investigation of a possible age variation is warranted.

2.2 Routes and Kinetics of Ni Absorotion. Tissue Distribution and

Excretion jn Animals

The dynamic processes of absorption (assimilation), tissue

distribution and remobilization, and excretion determine how much

Ni is accumulated in wildlife from the ambient environment.

Because of a scarcity of data concerning wild animals, this

section concentrates on information relating to these processes

in laboratory and domestic mammals and birds. Particular emphasis

will be placed on the roles of Ni chemistry, exposure route and

animal physiology.

2.2.1 Absorotion

Inhalation
Although Ni carbonyl is of great interest in human toxicology, it
is of little relevance to wildlife toxicology. It is extremely

unstable in air, and hence occurs only in enclosed spaces close

29



oxide (less soluble) dose. Dunnick et al. (1989) confirmed the

importance of solubility in pulmonary absorption, and ruled out

the possible confounding effect of differential particle size.

Rats received either Ni oxide (least soluble), Ni subsulfide

(intermediate solubility) or Ni sulfate (most soluble)

intratracheally, all compounds having similar median particulate

diameters (2.3 to 2.8 um). The sulfate and subsulfide achieved

equilibrium in lung tissue between 9 and 13 weeks after exposure

started, whereas Ni oxide continued to accumulate, showing that
the oxide's absorption rate into the body was markedly slower

than the others. The sulfate achieved equilibrium at half the

equivalent Ni concentration of the subsulfide, which also agrees

with their relative solubilities. Similarly slow Ni oxide

clearance rates were observed by Tanaka et al. (1988) in rats.
Nickel administered as the oxide accumulated in lungs at a rate
proportional to exposure concentrations up to 1.2 mg NiO.m for

35 hr.wk over 12 months.

Atmospheric emissions from Canadian smelters contain a much

higher proportion of Ni sulfate and subsulfide than is found in

smelter emissions in other Ni-producing countries, which usually

produce more Ni oxide (see Section 1.1). One possible consequence

is that wildlife in Canada subject to Ni smelter emissions may

experience greater Ni accumulation from atmospheric sources than

wildlife in other countries, due to the greater bioavailability
of inhaled Ni sulfate and subsulfide compounds.
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decreased the amount of soluble Ni in the gut, as was suggested

for the effect of high fibre diets on Cr absorption (see Outridge

1991, Section 2.2.1). Sunderman et al. (1989) reported that

absorption of Ni sulfate in the human gut was significantly

greater (27+174 of dose) when given in drinking water than when

given with food (0.7+0.44), although the absorption rates of Ni

sulfate given to rats and mice in water were only 3-6% (Ho and

Furst 1973). The presence of other bivalent cations also appears

to reduce Ni uptake. Foulkes and McMullen (1986) found that Ni

absorption across the small intestine of rats was competitively

reduced by the presence of Zn , and by milk, possibly due to

Ca . In chicks on a diet containing 500 mg Ni.kg , Ni

accumulation in body organs was significantly reduced by 100

mg.kg Cu and Fe, but increased by Zn and Co (Ling and Leach

1979) .

An intriguing feature of Ni bioaccumuation in laboratory mammals
p~4I~

is the ability to homeostatically regulate their Ni body burdens

at low dietary Ni concentrations, apparently by reducing

absorption. O'Dell et. al. (1971) reported that 62.5 mg Ni.kg in

the diet of calves did not result in elevated tissue or blood

concentrations, while slight but insignificant rises in blood and

kidney Ni was observed at 250 mg.kg . These low blood and kidney

Ni levels seem to rule out the possibility that Ni was absorbed

and rapidly excreted. At 1 000 mg.kg , however, blood Ni was

increased 11-fold over the 250 mg.kg treatment, even though
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concentrations of 12.5 to 800 mg Ni.kg FW diet in mallard ducks

produced increases of Ni in kidneys and feathers proportional to

the dose (Eastin and O'hea 1981). These data indicate that Ni

accumulation in birds is not regulated, even at relatively low

dietary concentrations. Cain and Pafford (1981), however,

reported contradictory findings. Six of 36 mallard ducklings

survived a dosage of 1 100 mg Ni.kg FW diet for 30 d, and 34 of

36 survived on 800 mg Ni.kg FW diet . The dead birds from both

treatments had up to 22.7 ug Ni.g FW and 74.4 ug Ni.g FW in
their liver and kidneys, respectively, whereas the survivors and

other birds on lower dosages had &1.0 ug Ni.g FW . Thus, the
more Ni tolerant birds seemed capable of regulating their Ni

absorption, whereas less tolerant individuals did not.

A discrepancy between the wildlife and laboratory animal data
sets is the lack of Ni accumulation in many wild mammals in
polluted habitats (see Section 2.1), whereas mammals dosed with
Ni under controlled conditions consistently exhibited elevated Ni

body burdens. Two possible explanations are (1) most of the Ni

exposure to wild mammals is in the form of inhaled Ni oxide,
which has been found to be largely unavailable, and (2) Ni

absorption in most wild mammals is homeostatically regulated at
the Ni levels which they ingest. The first explanation may be

rejected because of the high proportion of soluble Ni sulfate and

subsulfide in many smelter emissions, and because ingestion is
likely to play a larger role than inhalation in determining the
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81. 1987) and rats (Benson ~e )Li. 1987); Ni sulfate inhaled h7

rats (Medinsky et al. 1987, Benson et al. 1988) and mice (Benson

et al. 1988); Ni chloride inhaled by rats (Clary 1975) and fed to

chicks (Ling and Leach 1979); Ni sulfate fed to rats (Ambrose et

al. 1976) and mallard ducks (Eastin and O'hea 1981); Ni

carbonate fed to calves (Spears et al. 1986, O'Dell et al. 1971);

Ni acetate fed to rats (Whanger 1973); and Ni sulfate (Dieter et

al. 1988) and Ni acetate (Schroeder et al. 1974) in the drinking

water of mice. This pattern was also found in farm animals (pigs

and sheep) of The Netherlands, in which kidneys contained an

average of 0.045 and 0.022 mg Ni.kg FW , respectively, compared

to &0.01 mg.kg in all other tissues (Ellen et al. 1989), and in

cattle grazing pasture irrigated with sewage sludge (Fitzgerald

et yl. 1985a).

Other organs showed relatively high Ni levels in some species

exposed via ingestion, including the bones of chicks (Ling nd

Leach 1979), feathers of mallards (Eastin and O'hea 1981), lung

and testes of cattle (O'Dell et al. 1971), and the liver of mice

(Dieter et al. 1988) and rats (Whanger 1973, Ambrose et al.
1976). Following inhalation exposure, the lungs and blood serum

also contained elevated Ni compared with other body tissues
(Clary 1975, Valentine and Fisher 1984).

The exception to the above pattern may be inhaled Ni oxide. Only

one study (Tanaka et al. 1988) has examined Ni distribution
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cumulative output of Ni in urine was 60.4% of the dose, while

39.9% was in faeces. Substantially slower excretion rates (lung

half-life of 7.7 months) followed Ni oxide administration to rats
(Tanaka ~t al. 1988). The insolubility and consequent lack of

pulmonary absorption of Ni oxide (see Section 2.2.1) is the

probable explanation for this difference between compounds.

Valentine and Fisher (1984) and Menzel et al. (1987) described
excretion following intratracheal Ni administration as a biphasic
pattern in mice and rats, respectively. In mice, the first phase

had a half-life in various organs ranging from 1.0 to 2.7 d, with

bone having the slowest Ni elimination rate and blood the most

rapid. The second phase exhibited half-lives ranging from 11.3 d

for blood to 56.4 d for bone, with liver and kidney being
intermediate.

Excretion studies of Ni in birds have not appeared in the
literature. As with Cr, the salt glands of some waterbirds may be

an excretory organ for Ni and other metals (Burger and Gochfeld

1985). Deposition of metals in eggshells may also eliminate
significant amounts of a bird's metal burden (Gochfeld and Burger
1987). Kraus (1989) reported that the eggshells of tree swallows

in a polluted environment contained 20-fold higher Ni

concentrations than the embryo (31.4 and 1.6 ug.g FW

respectively). However, the small mass of the eggshells relative
to the adult body mass would seem to prevent a significant amount
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whereas the placenta contained twice these levels. Nickel also
initially entered the fetus more slowly at a later stage of
gestation (19 d) than at 12 d. Once exposure ceased, however, Ni

concentrations in the fetus and placenta decreased more slowly
than in the mothers'lood and tissues. Moreover, the
concentration decline in the fetus was due to weight increases
over several days, not excretion (also indicated by the data of
Sunderman et +a . 1978). This suggests that teratogenic effects
could possibly occur after Ni levels in the mother had returned
to normal.

Suckling animals may receive Ni through their mothers'ilk
(Zacobsen et al. 1978, Dostal et ~a . 1989). Cattle grazing
pasture contaminated with sewage effluent had 504 higher Ni

concentrations in their milk than a control herd (Fitzgerald yt
1985a). The amount received may be proportional to the

mother's total Ni exposure. Rat pups suckling mothers previously
injected with 50 and 100 umol NiC12 had 24 and 48 ug Ni.l
respectively, in their blood (Dostal et +. 1989).
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the U.S. Fish and Wildlife Service Patuxent Research Centre,
Maryland. Eastin and O'hea (1981) found their group of mallards
to be substantially more tolerant of high dietary Ni doses (NOAEL

of 800 ug.g FW diet) than those tested by Cain and Pafford
(1981) (NOAEL of 176 ug.g FW ). The only apparent difference
between study methodologies was that the less tolerant group was
exposed to Ni immediately after hatching, while the more tolerant
birds were at least 20 months old at the start of the experiment.
If this is the reason for the difference in outcomes of the
studies, it indicates that, juvenile birds are far more sensitive
to dietary Ni than mature individuals. No comparable data exist
for wild mammals, although Weber and Reid (1969) noted that young
female laboratory mice were more susceptible to dietary Ni than
adults. It should be noted that most of the mammalian
toxicological data reported in Table C was obtained with adult
animals.

The minimum inhalation NOAEL (i.e. the most sensitive animal/Ni
compound combination tested) was 0.11 mg Ni.m for Ni
subsulfide, which was determined in studies with mice and rats
(Dunnick et al. 1989, Haley et +. 1990). Fisher et al. (1986)
reported an inhalation NOAEL for Ni subsulfide of 0.41 mg Ni.kg
BW in mice. An equally low inhalation NOAEL was determined by
Graham et al. (1978) for Ni chloride in mice (0.11 mg Ni.m ).

utes hbfe~~
yf~n

~Al~ gyp~+pcs~
nc~ ~~

Numbers of alveolar macrophages increased at some of these
concentrations, however, this is not regarded as an adverse
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Table C cont'd.
Species ~i NOAEL

Compound DW/FW/WA gW
Tissue

fNi 1

Parameters+

Tested
Source

Mouse subsulfide
sulfate

0.1 AR
0.05 AR

lungs 5.5 ?
lungs 0.0 ?

hp, mn
I'I

Mouse chloride 0.11 AR im

Mouse subsulfide
sulfate
oxide

0. 11 AR
0. 11 AR
0.47 AR

im
lf

Mouse subsulfide 0. 41 gr,mo

Increstion Studies
Cow carbonate 250 DW 11.5 kidney 2.3 DW gr

blood 3.1 DW

bone 0.9 DW
liver 0.4 DW

Dog sulfate 1000 FW

Rat sulfate 100 FW

Rat carbonate 1000 FW

Rat acetate 100 ?

29x

10 kidney 8.1 DW
liver 30 DW

5.0 whole 1.5 FW gr,mo

gr, re

gr, bc

10

12

gr, bc, uc, hp 10

Mouse sulfate
sulfate
sulfate

5000 WA
1000 WA

(1000 WA

286
116

&116

kidney 2.9 ?
kidney 1.3 ?

II II

gr
hp
im

Mouse 5 WA 0. 85 14

Mouse acetate 1100 FW 0.15

Mouse acetate 5 WA

Rat carbonate 1000 FW

Monkey carbonate 1000 FW

gr, re, ea

mo,tu

gr, bc

15

17

17
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effect. Strangely, a weakness in most of these studies was that
measurements of Ni contents of lungs were reported without giving
the weight basis (dry or fresh wts); organs other than lungs were

often not analysed for Ni. Thus, tissue concentrations of Ni

corresponding to these NOAEL's can not be determined, with
the exception of Tanaka et al.'s (1988) study with NiO.

Dunnick et al. (1989) and Haley et al. (1990) reported that Ni

subsulfide and/or sulfate were more toxic than Ni oxide, when

expressed in equivalent amounts of Ni (Table C). Intramuscular
injection experiments with Ni sulfate, chloride and oxide also
found the oxide to be markedly less toxic (Graham et. al. 1978).
The respective NOAEL's for mice in the latter study, based on

immune systems parameters, were &3.0, 6.2 .and 12.3 mg Ni.kg BW

These differences correspond to solubility variations between
compounds, and to differences in assimilation and tissue
distribution described in Section 2.2.

NOAEL's derived from ingestion studies ranged from 0.15 to 116 mg

Ni.kg BW , both obtained with mice. These levels corresponded to
1100 ug.g FW in food and &1000 mg.l in drinking water,
respectively. Several studies reported NOAEL's of 5 mg Ni.l in
water (Schroeder et ~a . 1964, Schroeder and Mitchener 1975),
although Schroeder yt ~a . (1974) found significant growth
depression in rats at this exposure level. In the kidneys of a

variety of animals at NOAEL exposures, Ni levels ranged from 3 to
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experiment. The tremors can be explained by disruption of central
nervous system function, in which Ni increases the nerve action
potential, producing spasmodic contractions of muscles (NRC

1975). Nickel levels in the liver and kidneys of the dead birds
-1were very variable, ranging from 1-23 and 3-74 ug.g FW

respectively. As mentioned in Section 2.2.1, the organs of birds
-1that survived had undetectable amounts of Ni (&1.0 ug.g FW ).

Domestic chicks (Ling and Leach 1979) were found to be markedly
less resistant to dietary Ni than the mallard ducklings. After 21

d, mortality in chicks eating 1 100 ug Ni.g FW was 66%, and 254

in those eating 500 ug.g FW . Nickel levels significantly
greater than controls were observed in the muscle, heart, liver,
bone and kidney of surviving birds. The latter two tissues had
the highest concentrations: 1.88 and 7.65 ug.g FW

respectively, in birds eating 500 ug.g FW , and 5.91 and 11.48

ug.g FW in those receiving 1 100 ug.g FW , compared to ca. 0.1
ug.g FW in the tissues of control chicks. Concentrations in the
tissues of dead birds were not recorded.

Taken together, the studies on mallards ducklings and domestic
chicks suggest that cases of mortality begin to occur in bird
populations at 500-800 ug Ni.g FW in the diet, while ca. 1 000

ug Ni.g FW produces over 504 mortality after several weeks

exposure. Tissue levels of Ni were not a reliable indicator of
actual or potential toxicity. The findings of Cain and Pafford
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single intratracheal dose (Fisher et ~. 1986). With a two month

waiting period, the LD50 declined to 1.1 mg.kg BW . Nickel

levels in body organs were not determined. Dunnick et al. (1988)

found that Ni subsulfide was substantially less toxic to mice and

rats than Ni sulfate during short-term testing. During two weeks

exposure for 30 hr per week, 1.6 mg Ni.m of Ni sulfate was

required to produce 100% mortality in mice, but 7.3 mg Ni.m of

Ni subsulfide. Nickel oxide was significantly less toxic than

either of the latter compounds, since no deaths were recorded in
animals exposed to up to 23.6 mg Ni.m . This study is also of

significance because it demonstrates an order of magnitude

difference in susceptibility to Ni between taxonomically-related
animals, rats and mice. Rats were the more tolerant species,
having a LC100 of 13.3 mg Ni.m of Ni sulfate, compared to 1.6

for mice.

Several studies in which Ni was administered by injection provide
additional information on acute lethality. Ni chloride
administered intraperitoneally was found to be significantly more

toxic to 19 d pregnant mice (LD50 5.96 mg.kg BW ) than to virgin
females of the same age (LD50 9.33 mg.kg BW ) (Mas et al. 1985).

The difference was not simply due to the higher body weight of
the pregnant mice, because 12 d pregnant females which were

substantially lighter than the 19-d pregnant females had a

similar LD50 (6.30 mg.kg BW ). Thus, the toxicity must have been

determined by other unidentified physiological factors associated
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Table g. Sub-lethal Toxicity Data from Inhalation and Ingestion

Studies with Mammals and Birds.

(Exposure levels: Inhalation - mg Ni.m in air (AR) or mg.kg

BW ; Ingestion — ug Ni.g DW and FW in diet items or mg Ni.l in

drinking water (WA), or mg Ni.kg body wt (BW) of exposed

animals. Parameters Affected: a.m. — alveolar macrophages, inf.

inflammation, bc — blood chemistry.) p&OO5' pC.O 0(

Species Ni Form Exnosure Level Parameters Affected Source

~a Inhalation- Studies

Mouse sulfate 0.2 (30h/wk, 13 wk) lung lesions
subsulfide 0.2 ff ff

oxide 3.9 ff ff ff

Rat sulfate
subsulfide

oxide

0.1
0.1
2.0

lung lesions
ff ff

ff ff

Rat oxide 0.8 (30 d continuous)
Rabbit chloride 0.6 (30 h/wk, 16 wk) lung wt, a.m., inf.

immune system

Mouse oxide
oxide

subsulfide
subsulfide

2.0
0.47
1.8
0. 45

(30h/wk, 13 wk) immune system
decreased a.m.

immune system
decreased a.m.

Mouse chloride 0.25 (1 X 2h dose) immune system

Rat oxide 0.94 (35h/wk, 52 wk) pneumonia, bronchitis 6

~b Increstion Studies

Mouse acetate
Rat chloride

1100 FW (5.9-9.8 BW)

225 WA (17.6 BW)

growth

growth, bc,
Zn and Ca in urine

Dog sulfate 2500 FW growth, bc, kidney and
liver wts, lung lesions
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increased incidence of pneumonia and other bronchial disorders

(Tanaka et ~a . 1988), elevated lung lysosomal enzyme levels

(Reichrtova ~ ~. 1986, Kovacikova 1990) and increased alveolar

proteinosis (Takenaka et al. 1988) which in humans can lead to

severe lung infections. Growth was a less sensitive indicator of

Ni-related effects than alveolar macrophage number. In mice, for

example, macrophage numbers increased following Ni sulfate
~ 3 ~ 3

exposure at 0.1 mg Ni.m and Ni oxide exposure at 0.4 mg Nx.m

while growth and mortality were not affected until 0.4 and 7-9 mg

Ni.m , respectively (Dunnick et ~l. 1989).

In some instances, depression of immune functions was observed,

including reduced alveolar macrophage numbers and/or lower

antibody production by spleen cells (Graham et al. 1978,

Spiegelberg et +a . 1984, Haley et al. 1990). Reduced immune

function may be a consequence of higher or longer exposures than

those producing increased immune responses. Injection studies

with Ni chloride confirm that significant immunosuppression

occurred in animals, at concentrations of 0.5 to 10 mg.kg BW

(Graham et al. 1978, Smialowicz et al. 1987, Laschi-Loquerie et

al. 1987). Nickel oxide is the least immunotoxic form (Graham et

al. 1978) .

As with NOAEL and acutely lethal exposures, more soluble Ni forms

such as the subsulfide and sulfate were generally more toxic to

bodily functions than insoluble Ni oxide (Graham et al. 1978,
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doses of Ni (see Section 3.2), they display roughly equal

sensitivity to sub-lethal effects on lungs (Dunnick et al. 1988,

1989). Kovacikova et, al. (1990) found that lung functions of

young rabbits were more susceptible to Ni aerosols from a Ni

smelter waste dump than their parents. This agrees with NOAEL and

acute lethality data on other juvenile animals, discussed

earlier.

3.4 Teratoaenic. Reoroductive and Developmental Effects

The fact that Ni can cross the placental barrier, and that it
accumulates in reproductive organs (see Section 2.2.2), suggests

that teratogenic and gametotoxic effects may result in animals

from Ni exposure. Nickel administered parenterally or by

ingestion and inhalation to male rodents has been shown to

interfere with spermatogenesis. Von Waltschawa et al. (1972)

observed lesions in the germ cells and a reduction of

spermatogenesis in rats fed 25 mg Ni.kg BW as the sulfate for

120 d. Similar effects followed inhalation exposure of rats to
1.7 mg Ni.m as the sulfate for 12 d (Benson et al. 1988a), and

in mice and rats exposed to 3.6 mg Ni.m as the subsulfide for

12 d (Benson et al. 1987).

Reduced litter sizes and smaller average size of offspring have

been reported in laboratory rodents at relatively low Ni exposure

levels, suggesting an effect on fetal and juvenile development.

Schroeder and Mitchener (1971), for example, found that 5 mg
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1985, Storeng and Jonsen 1981, Lu ~ ~. 1979, Ferm 1972), and

early during egg development of domestic chick embryos (Ridgway

and Karnofsky 1952, Gilani and Marano 1980). Body weight doses

giving rise to teratogenic effects in rodents were reported as

low as 1.0-1.2 mg Ni.kg BW , although the most marked increases

in malformations were noted at dosages that produced elevated

fetal deaths or toxicity in the dam (2.3 to 4 mg.kg BW ) (Mas et

al. 1985, Lu et al. 1979). Possible causes of the malformations

may be (i) direct toxicity from high levels of trans-placental Ni

(Lu et +a . 1979), (ii) a reduced availability of alpha-

fetoprotein to fetuses (Mizejewski et +a . 1990), or (iii) an

increase in maternal plasma glucose levels which induce

hyperglycaemia in fetuses (Mas et +a . 1985).

3.5 Genotoxic and Carcinoaenic Effects

No evidence of carcinogenesis was found in chronic ingestion

studies that lasted for up to two years (Schroeder and Mitchener

1975, Schroeder et al. 1964, 1974), hence, the consensus of

opinion is that Ni entering the digestive tract is likely to be

non-carcinogenic (USEPA 1988). Inhaled Ni oxides also do not

appear to be tumorigenic at concentrations up to 0.94 mg Ni.m

for periods up to 12 mo (Tanaka et al. 1988, Wehner et al. 1975).

Ni subsulfide appears to be the most carcinogenic Ni compound to

humans, based on epidemiological evidence and injection and

implantation studies with animals (Furst and Radding 1980, NRCC
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number of postulated mechanisms are under debate (see Sunderman

1989). The latter author and Costa (1989) drew the following

conclusions regarding this subject:

(i) the particulate Ni compounds most potent in producing tumors

are those selectively phagocytized by cells, while inactive

compounds are not. phagocytized;

(ii) carcinogenesis may depend on the compound's capacity to

provide Ni at the vunerable sites within cells;

(iii) Ni can initiate tumors, possibly by direct genotoxicity

to chromatin, or by modulation of transcriptional genes; and

(iv) Ni can serve as a tumor promoter, by inhibiting antibody-

forming cell activity, or by stimulating lipid peroxidation.

Nickel compounds are only weakly mutagenic in short-term ~n vitro

tests (Biggart and Costa 1986, LaVelle and Witmer 1981).

Furthermore, in vivo tests for chromosome aberrations,

micronuclei formation and dominant lethality in mice and rats

were negative (Nathur et al. 1978, Deknudt and Leonard 1982).

These findings suggest that direct genotoxicity to cell chromatin

is not a likely mechanism of Ni carcinogenesis.



to those in littoral molluscs, their main diet items (13-21 ug.g
DW ). The birds'idneys, livers and stomachs, however, had

several times lower concentrations of Ni (see Table B). In the
Sudbury region of Ontario, diet items (aspen, mushrooms and

arthropods) of the ruffed grouse contained 32-95 ug Ni.g DW

while their body tissues had 10-fold lower concentrations (Rose

and Parker 1983). Nickel levels in their dung were 19-48 ug.g
DW , indicating that much of the ingested Ni passed through the
GI tract unabsorbed. Thus, although many wild birds show elevated
Ni levels in polluted ecosystems, biomagnification does not occur
in either avian or mammalian food chains.

4.2 Nickel Accumulator Orcranisms

In a review of the world literaure citing Ni concentrations in
aquatic plants and animals, Jenkins (1980) noted that certain
taxonomic groups including algae, lower invertebrates and

crustaceans in unpolluted systems had higher Ni levels than other
groups, such as molluscs, fish and aquatic vascular plants. In
polluted systems, molluscs often contained more Ni than any other
group. The levels, however, were usually relatively low, &20 ug
Ni.g DW . Aquatic macrophytes in polluted systems, particularly
near Sudbury, Ontario, contained several hundred parts per
million of Ni (Outridge and Noller 1991), suggesting that they
may be an important source of Ni exposure to their herbivores.
Among the terrestrial plants, lichens and bryophytes growing in
some polluted locations accumulate up to 800 and 200 ug Ni.g DW
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Table E summarizes sublethal toxicity data for the reportedly

most sensitive species in each of the five prey groups. It should

be noted that these may not be the most sensitive extant species;

rather, they are the most sensitive of those that have been

tested. Sublethal, instead of lethal, toxicity criteria were

used, because even small reductions in reproduction or growth may

seriously deplete prey populations over long periods of time.

Species of freshwater invertebrates, fish and freshwater plants

(a blue-green alga) were markedly more sensitive to Ni than

terrestrial species, showing decreased growth or reproduction at

concentrations of 30 to 40 ug Ni.l (ppb) compared to at least

1 000 ppb for various crop plants. The most sensitive freshwater

vascular plants begin to show Ni toxicity symptoms at ca. 300 ppb

(Outridge and Noller 1991). Interestingly, the most Ni-

contaminated lakes near SudburJJ contained this level of Ni (Yan

et al. 1985). Nacrophyte species richness was significantly

inversely correlated with Ni concentration in lakes of the

Sudbury region (Yan et al. 1985), suggesting that wildlife food

chains dependent on particular macrophyte species may be

disrupted in those lakes. Toxicity data for terrestrial
invertebrates were not sighted, however, the occurrence of

earthworms in soils contaminated with several thousand ppm of Ni

(unpublished data cited by NRCC 1981) suggests that at least this

group is relatively tolerant to Ni. The tentative conclusion to

be drawn from these comparative data is that wildlife dependent



~0 Summarv and Conclusions
The tissues of wild mammals and birds generally contain from 0.1
to 4 and 0.1 to 5 ug Ni.g DW , respectively, in uncontaminated
environments, and from 0.5 to 10 and 0.5 to 80 ug Ni.g DW in
polluted environments. Birds accumulate higher Ni burdens in
polluted habitats compared to unpolluted areas, while mammals do

not. An explanation was suggested by controlled intake studies
showing that mammals homeostatically regulate the assimilation of
ingested Ni &250 ug Ni.g FW from the diet, whereas birds do

not. Around Sudbury, Ontario, birds had up to 25-fold higher Ni

contents, while mammals show no increases, compared to
populations in remote areas. The bones, skin and reproductive
organs of many mammals and the kidneys and feathers of most birds
contained the highest Ni levels. Inhaled Ni is absorbed more

efficiently (55-904 of dose) than ingested Ni (1-5%), although
most wildlife probably assimilate more Ni from dietary sources
than from air because of the relatively short residence times of
airborne Ni and higher Ni concentrations in soil and vegetation
than in air. More soluble compounds such as Ni chloride,
subsulfide and sulfate were absorbed more rapidly than insoluble
Ni oxides when inhaled.

Estimated non-toxic doses (NOAEL's) were 0.1 mg Ni.m for
inhaled Ni, and 100 ug.g FW in food and &5 mg Ni.l in water
in the most sensitive laboratory mammals. For mallard ducklings,
a dietary NOAEL of 176 ug Ni.g FW was determined, although
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that the levels of available Ni in soils out to at least 30km were inhibitory to root growth or seedling
establishment of many species.

Transfer of Nickel to the Human Food Chain

The estimated input of nickel in the Canadian diet is 462 pg Ni d '. The main sources of the metal
are meat fish and poultry, followed by grain and cereal (Adriano, 1986). More than 99% of the daily
intake is normally excreted in faeces (Hammond and Foulkes, 1986). For this reason nickel is not
considered to be very toxic, and the LD~ in rodents is about 100 pg g'Whanger,1973).

Metals Rom sewage sludge or from atmospheric deposition can be transferred to grazing animals
following uptake by forage or supplementary-feedstuff plants, or by direct ingestion of soil or surface
contaminated vegetation during grazing. However, Baxter er al. (1983) found little evidence of additional
nickel in cattle grazing on pasture sown into sludge-amended soil. In humans it is known that ingestion
of nickel can enhance nickel-dermautis (Kaaber er aL, 1972).

CONCLUSIONS

The two metals Cr and Ni show considerable contrasts in their behaviour within plants as well
as significant similarities. Chromium tends to be less mobile once it has moved into the shoot. In
consequence it is more associated with foliar material than in seeds. Nickel appears to be more mobile,
probably because it is a component of a number of metallo-protein enzymes. It is apparently an important
component in the seed, especially in leguminous species. Green vegetables and brassica heads appear to
be the main plant materials introducing Cr into the body. Nickel can be introduced through green plant
tissue as well as through seed and processed seed products. The actual content of the metal may however
not be a usef'ul guide as to its dietary importance. For example, the small amount of Cr in wheat seeds
appears to be particularly biologically active.

Neither element appears to represent a threat to human health through injestion of foodstuffs at
current levels of plant and animal tissue content. Most research related to Cr has been aimed at ensuring
there is sufficient metal in foodstuffs to meet normal dietary needs. There is a significant barrier to the
transfer of dietary Ni from the gut into body fluids. It appears to be ionic forms of both metals that is
harmful to humans. For Ni the injestion of cuticular bound metal would seem to be of particular concern
since in the stomach the acid conditions are likely to release the metal ions.

There is inadequate information on many. aspects of the nutrition and toxicity of Cr and Ni in
plants. The critical concentration for the toxicity of the two metals has not been established for most
agricultural crops. Equally the critical concentrations in the soil of the form most available to plants have
not been established. Within the plant, the nature of the organic complexes of these metals has not been
fully characterized. The importance of different complexes as dietary sources of the metals appears not
to have been studied.

Indicator species for Canadian agriculture cannot be clearly identified. Spring barley appears to
be particularly sensitive to Ni, but the activity of the soil microbial biomass might serve as the most
useful means of identifying the level of soil contamination of plant available forms of this metal. Maize
may be the best indicator for chromium, but critical concentrations are yet to be established, and there
is also a potential problem as the accumulation appears to vary within the leaf lamina.
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Section 6 is designed to provide a summary of collected data and information in the form of graphs and
tables.

Every figure was derived from the data table immediately following it, with the exception of figures 6
and 10. These two were derived from data contained within the reports of P. Doyle, L. Evans and M.
Goss for figure 6, and the report of H. Evans for figure 10.
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aalblenl, Canada
~oulccMlalcd, Canada
~ourcemlalcd, Sudbury
lndulIHal
alunldysl
Slornlwater, aaabrana

lag/L 15.000
lag/L 15.000
alg/I II.ON

112
404
5OI

196

238
5)5
293
946
1) I

35
51

)48
204
52

301

321
340
205
191

1043

276
641
101
30
88
79

191

134

131

131

2622

3.000
50.OOO

0.000
22.000
43.OoO

0.070
0.500

c 2.0

20.000
10.000

IO.NO

co.ool
co.ool

co.0002

270.0N
184.000

110.000
16.000
1.1N
8.000
6.000

60N.OOO

100.000
200.000

242000.0N

C

0.006
0.006

O.NII

O.NI
0.010
0.008
0.003
O.N2
0.002
0.013
0.001

0.006
0.002
O.N3
0.004
0.0)5
0.002
0.0)2
0.015
0.007
0.01 1

0.006
O.N2
0.002
O.NI
0.001
0.001

0.077
0.008
0.028
0.016

Rtucr, N of MargueHIC)98704 )rlaacr
198705
198706
198701
)987M
)98709
NI7)0
198111
)987)2
19NOI

'98N2
198N3
198804
)99002
199003
199NI .

199005
199N6
199007
)99009
1990)O
19901)
199012
199IOI

199)02
199103
199)04
199105

~8 fol'g luc'na aceld Nln'g are a
MAX lacuna max In All prove
Sl. Gtola R, NI (1979)-MAX
Paesl C)Iy Slr, NII (1979)-MAX
NW Oander R, NI'CO)-Mh



leger, WQB (1991)
I g~, WQB(1991)
L'ager, WQB (1991)
Ltger, WQB (1991)
Lager, WQS (1991)
Lugm; WQB (1991)
Lager, WQB (1991)
Leger, WQB (1991)
Leger, WQS (1991)
Leger, WQB (1991)

~Iream
lake, reservoir, pond
lsk~ reservoir, poml
hrke, reservoir, poml
maslal waters
eoas41 «atera
ground «aler
mlnlng wasle «aler
mlnlng «asre «alar
preclpllallon

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

44.000
12.000
12.000
12.000

83.333
83.333
6.000

100.000
100.000
65.000

2622 c0.0002 0.0039
659 c0.0002 .010-.012
459 &0.0002 .010-.012
659 co.0002 .010-.012

18 'O.ONH 0.0050
18 c0.00IH 0.0050
18 cD.0002 0.009,0.020
2

0.0313
OAII6757 cO.OOI5 0.0300

Arsl 4'Annap «s, NS (1988).MX
Pock«ock 4Hagf «s, NS (1988)
SIAnlhony Pndhve, HIM (1988)
Buclouche Harbour, NB-MAX
Raploirs Riser, Nlhl-MAX
Sb Quentin, HB (1986)-MAX
Buchans Brook, NIM (ISO)-MA
Ablllbl-Prke ««(191II)
Sable Islaml Stn (1976/y7)
O'Keefe I„PBI-MAX
llrompson sldlng («ellaah), NS
Oleefhnmnl P81



EnvlronInental Concentration ~~ lor Nkkel lnCanadian Surhce Waters

Region

Pacilc
Western
Central
Atlantic
~ Detection limit
& Detection limit

Concentration
range

(p.g.L-')

cl i-3
l~-280
I '-25
l &-3

Number of
samples

lo
l625
l333

70
is l p.g L-& (total).
is 2 pg L-'total recoverable).

Sampling
yeas)

l982
l980- l985
l 980-l98S
l980-l983

Source: NAQUADAT l985. Cited in CCREM (1987).



Fig. 1b: Ni in Drinking Water in Ontario Municipalities (1984-1 991)
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The bracketed numbers Indicate sample sizes for each of the sample classes, by year and by condition: raw or treated.
The source of data for the above-noted values comes from the MOE drinking water data base sent by D. Jones-White (1992).



DRZNKZNC WATER ScucvXZLXJLNCE PROCWLMNZCKEL AND CHROMZQM HAZ MZN. AVE RESQLTS
RAW AND TREATED

CODE
PLANT

MAZREFXEAR SITE RESQZT
CHROHZQN

WZNDSOR WSS1991 RAw wTR 800
TREATED WTR 3 900NICKEL AJAZ WTP1988 RAW WTR - 3 000+
TREATED WTR 3.100 ~1989 RAW WTR 2.500
TREATED WTR 2.2OO

&V1990 RAW WTR 6.soo&
TREATED WTR 6.2OOJ1991 RAW WTR 2.400~~ WTR 2.100 V

ALVZNSTON WTP1985 RAW WTR 8.000&&
TREATED MTR 30 000~1986 RAW WTR 3 000
TREATED WTR 2.0001987 RAW WTR 3.00&
TREATED WTR 2.OOO v1988 aAw WTR 3 200M
TREATED WTR 4. 000+i1989 RAW WTR 25.000~
TREATED WTR 18. 000&/1990 RAW WTR 1 7004/
TREATED WTR 1.400~1991 RAW WTR 3.000
TREATED WTR 1.8oo J

AHHERSTBQRC WSS1985 RAW WTR 1S.OOO 7TREATED WTR 3.OOO J1986 aAw WTR 3. OOOO
TREATED WTR 3. 000~!1987 RAW WTR 4. 000+r
TREATED WTR 2 000~~1988 RAW WTR 1 600
TREATED WTR l-looJ1989 aaw WTR 2.OOO /TREATED WTR 2.300 ~/1990 RAW WTR 1.SOO ~
TREATED WTR 1.100 +11991 aAw WTR 1 400+/
TREATED WTR ~ 610 ~

ATZKOKAN WTP1988 RAN WTR 460 ~~TREATED WTR 1 2001989 RAW WTR 2.500
TREATED WTR 1.90~199D RAW WTR 530J)
TREATXR WTR .820%/J1991 RAW WTR $70
TREATED WTR 540

BAYSZDE SCHOOZ WTP

~ 700
.700

~ 10O
100

~ 340
F 100
200
200
200
200

1 000
1-000
i+000
1 000
3.000
2 000

100
100
100

F 000
200
200
200

~ 200

I 000
1 000
1 000
1.000
2 000
1 000

100
000

~ 200
~ 100
200
200

~ 200
~ 200

~ 160
380

.180
100

~ 200
200
200
200

1+875
2 000

926
1.162
1 503l. 444
1 281
1 ~ 246

~ 958
.942

3 $ 00
6 333
2.000
1 ~ 667
F 000
F 000
1 207
1 057
2 775
1 ~ 712

598
500

1 130
~ 760

3 625
1.$00
1-833
1 500
3 000
1.$00

828
325
891

~ 842
618
350

~ 838
-382

273
~ 717
544

.SBO
-304
374
323
303

MOE. 1992. Personal Communication with D. Jones-White provides the basis for the data in Figure lb.



CODE

REFYZAR

NICKEL
1991

1990

1991

1987

1988

1989

1990

1991

1991

1991

1987

1988

1989

1990

1991

1990

2991

1987

198e

1989

1991

PLANT
MAX

SITZ RESULT

BEAVZRTON WTP
TREATED WTR 1 200V

-~-7 RIVER %Tg
RAW wTR 2.8oo v'REATEDWTR l.eoo Z
RAW WTR 2.5oo J
TREATED WTR 2.300 8

B~.~-~LLE WTP
RAW WTR 2.000~
TREATZD WTR 2.OOOO
RAW WTR 2.400/
TREATED WTR 2.100v
RAW WTR 1. 500 4
TREATED WTR 1. 100
RAW WTR .72O ~
TREATED WTR .460
RAW WTR 1 400 /
TREATED WTR 1.500 v

BRACZBRZDGE LEAD
RAW WTR 1 300+
TREATED WTR 1.300

BRACZBRTDGE WTP
RAW WTR .680 ~
TREATED WTR :79O J

BRANTFORD WTP
RAW WTR 2.000 +g
TREATED WTR 2.000
RAW WTR 8.600
TRZATED WTR 4 700 +j
RAW WTR 4.700 &
TREATED WTR 4.7OOJ
RAW WTR 2 200~
TREATED WTR 1. 600
RAW WTR 11. 000
TREATED WTR 9.500 ~

SROCKVZLLE WTP
RAW WTR 1.500 V'REATEDWTR 1 900+

iLAW APHt 2 200+
TREATED WTR 2.4OO

J'URLINGTONWTP
RAW WTR 2 000&
TREATED WTR 2.000 ~
RAW WTR 2.400~
TREATED WTR 12. 000&
RAW WTR 1.8004
TREATED WTR 1. 700(/
RAW WTR 1 800J
TREATED RXR 1 500J'AW

WTR 1 500 j
'TREATED %XR 4.700 ~

CAPQO~GE WELL SUP

HZN
RESULT

%200 ~ 567

200
200

.450
200

1.285
555

1.280
~ 552

1.000
1.000

100
100

.100
100
200

.200
200
200

1.667
1. 778

-835
.653
.375
352

.335
283

.69e
687

ER SPRINGJ 200
200

364
.374

200
200

.454
414

2-000
2-000

180
.100

1-400
100
200
200
200
200

2.000
2.000
3.295
2 026
2 '84
1.758
1 567
.eos

3 940
2. 562

000
200
200
200

818
759
711

.684

1 000
2 000

100
100
100
100
200
200
200
200

1 917
2.000
1.196
2.003

. 912

. 930
727

.768
817

. 910
PLY (Pll, RABNANS RES~

DRINKZNC WATER SURVEILLANCE PROGRAH
NICKEL AND CHROMIUM MAX MIN AVZ. RESULTS

RAW AND TREATED



DRINKING WATER SURVEILLANCE PROGRAM
NI CKZL AND CHROMIUM MAX. MIN AVE. RESULTS

RAW AND TREATED

NICKEL
1991

1989

1990

1991

'1987

1988

1990

1991

1990
1991

1991

1991

1988

1989

1990

1991

1991

1987

19BB

1989

1990

1991

PLANT
MAX
RESULT

RIDGE WELL
TREATED WTR ~ 9.200

+ASSZLMAN WTP
RAW WTR 1. 700
TREATED WTR 2 000
RAW WTR 4.000
TREATED WTR 3.200
RAW WTR 2.000
TREATED WTR g 2.500

CAYUGA WTP
3.000
2.000

11.000
9.100
4.600
4.400
3.200
2.800
2.500
2.200

RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR

NNIAL PARK
RAW WTR .200
RAW WTR .580
TREATZD WTR / .200

gfaa LZAU WTP
RAW WTR 1.500
TREATED WTR 1. 400

OTTENBURG
RAW WTR 1 400
TREATED WTR / I..400

~THAM WTP
RAW WTR 1.700
TREATZD WTR 1.200
RAW WTR 2.500
TRZATED WTR 2.900
RAW WTR 1 600
TREATED WTR 2 200
RAW WTR 3.400
TREATED WTR ] 1.700

P)BOURG WTP .

RAW WTR 1 300
TREATED WTR / 1 200

4ORHWLIZ WTP
RAW WTR 2 000
TREATED WTR 2.000
RAW WTR 2.000
TRZATED WTR 2.400
RAW WTR 3.300
TREATED WTR 2.850
RAW WTR 2 100
TREATED 'WTR 2.600
RAW 'WTR 1 400

100
100
200

.200
200

.200

3. 000
2.000

.000
900

.100
100

. 200
200

.200

.200
HELL, BARRIE

.200
200

.200

.200

.200

.200

.200

1. 700
1 200

. 100

.100
570
200

1 300
200

.200
200

1 000
1 000

220
.100
.100
100
200
200
200

613
683

.734

.Bse
916

1 054

3.000
2.000
3 286
3.430
2.573
2.202
1 257

926
.ess
533

200
.232
.200

.461
397

.892
801

1 700
1.200
1 202

.946
1 087

804
1 917

730

900
802

1 750
1.500

839
.823

1.350
1.396

.897
1 003

.792

MZN AVE
RESULT RESULT

SUPPLY(Q3gMIDDLETON ST)
200 5 036



DRXNKXNG WATER SURVZXLLANCE PROGRAM
NXCKEL AND CHROHXUN SAX HXN. AVE. RESULTS

RAW AND TREATED

AVE
RESULT

MAX
RZSULT

SPRXNC SUPPLY

MIN
RZSULTREFYEAR

NXCKZL
1991

SXTE

1 300
1 600

WTP
2 300
2.'300
2 000
1 400

NTO WTP
6.000
2 000
3. 100
2 000
1 800
1 800
1.500
1. 700
1. 700

820
WTP
7 000
2 000
7 000
3 000
4 010
2 000
9 000
8 700
4 500
2-700
1 100

.560
3.610
1.300

WTP
700
340
S4D
290

1 100
670

1 200
.560

200
200

.496
596

1990 200
.200
.200
200

-590
625

~ 738
.571

1991

1987 1. 010
1.010

.110
~ 100
.000
.000
.200
.200
~ 200
200

1. 833
1.333

.971
636

~ 720
524

.430
431
765

~ 488

1988

1989

1990

1991

1985 2.0OO
1.000
1. 000
1 000
3.000
2-000

100
100
100
100
200
200
200
200

4.125
1. 429
2.833
1 833
3.500
2.000
1. 650
1 299

053
823
329
251

1 418
558

1986

1987

1988

1989

1990

1991

1988 260
F 100
Zoo

.1OO
200
200
200
200

473
240
345
132

~457
273
620
360

RAW %TR
TREATZD WTR
RAW WTR
TREATED WTR
RAW WTR
TRKATZD WTR

693
WSS

.600
WTP

1.110
760

XX DOO
L1 OOO

NDUSTRXAL WATER)
2001991 RAW WTR

775
.398

l.. 625
1 610
Z5A)
1 212

200
210

.200
210

fNORTH AQUXFZR
100

1990 RAW WTR
TREATED WTR

1991 RAW WTR
XRKLTZD WTR ~ SUPPLY

4.5001988 RAW WTR

RAW WTR
TREATED WTR~
RAW WTR
TREATED WTR
RAW WTR
TREATED MTR+
RAW WTR
TREATED WTR
RAW WTR
TREATZD WTR
RAW WTR
TRZATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR j

~DSDEN
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATED WTR
RAW WTR
TREATZD WTR
RAW WTR
TREATED WTR

ZN



CODE

NICKEL
1991

1988

1989

1991

1987

1988

1989

1990

1991

1988

1989

1990

1991

1990

1991

1987

1988

1989

1990

1991

1990

PLANT
MX

SZTE RESULT

RA WELL SUPPLY
RAW WTR 3.400

ZLHZRA MELL SUPPLY
RAW WTR 1.200
TREATED WTR 2.700
RAM WTR 4.000
TREATED WTR / 4.eoo

RliO WTP
RAW WTR 2 800
TREATED WTR 2.500

F T ERZZ tROSEHZLL
RAW WTR 2.000
TRZATZD WTR 2.000
RAW WTR 2 100
TREATED WTR 1.400
RAW WTR 13 000
TRZATZD WTR 12 000
RAW WTR 1.200
TREATED WTR 1.000
RAW WTR 2.000
TRZATZD WTR 1.700

RT Fam CES WTP
RAW WTR 520
TREATED WTR 620
RAW WTR 86. 000
TREATED WTR 1 700
RAW MTR 3 700
TREATED WTR 640
RAW WTR 890
TREATZD WTR / .430

lCRAVZNHURST WTP
RAW WTR .470
TREATED WTR 760
RAW WTR 1.400
TRZATZD WTR 1.400

KSBY WTP
RAW WTR 2.000
TREATED WTR 2 000
RAW WTR 2 700
TRZATZD MTR 2 600
RAM WTR 4.500
TREATED WTR 4.400
RAW WTR 2.800
TREATED MTR 2-000
RAW MTR 1.300
TREATED WTR li400

H PAZSLEY ROAD
RAW WTR 2 700
TREATED WTR 4. 100
RAW WTR 6. 400
TREATZD WTR 3.200

H U OF CUELPH

KZN AVZ
RZSULT RESULT

(NORTH AQUZFER ESA).200 933
(SOUTH AQUZFER E9)

100 237
. 100 i439
100 608
100 .85e

.200

.200
WTP)

1 000
.000
.000
. 100
.000
.280
.440
.320
710
700

1 039
.920

1. eoo
1 500

809
685

2.297
1.966

768
.747

1 310
1 175

.520
620
100

.100

.200
240
200

.200

520
620

8 477
576
949
467
692
315

200
.200
200

.200

312
430
465
646

1 000
.000
440

.100

.710
370

.260

.200
260
200

MELL
.860
200

.200
200

1.889
1.444
1 275
1 037
1 751
1.542
1. 403

.992

.787
582

1 987
2.300
1.416
1. 166

PUHPZNG STATZON

DRZNKZNC WATER SURVZZLLANCE PROCRAH
NZCKEL AND CHROMIUM MAX NZN. AVE. RESULTS

RAW AND TREATED



OOE"
8SE
QOE

%&E"
8L9
TSE"
589
ISS
OE8

89'E9
T

TLS
OET" T
061
OST T
09'"
SLS
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OOS T
008 T
009 T
SET T
SK'T

S89
SD8
ETT T
El'E
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9Z'E T
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aoE r EXN NVK T&&T
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DRINKING WATER SURVEILLANCE PROGRAH
NZ CKZL AND CHROMIUH MAX HZN e AVZ RESULTS

RAW AND TREATED

CODE

REFYEAR

NICKEL
1990
1991

1985

1986

1987

1988

1989

1990

1991

1987

1988

1989

1990
1991

1987
1988
1989
1990
1991

1987

1988

1989

1990

1991

1989

1990

1991

MIN
RESULT

AVZ
RESULT

~ORA WTP
TREATED WTR .830
RAW WTR 1 300
TREATED WTR / 1 600

~KGSTON WTP
RAW 'WTR 2 000
TREATED WTR 2.000
RAW WTR 2.000
TREATED WTR 2. 000
RAW WTR 2. 000
TREATED WTR 2.000
RAW WTR 2.200
TRZATZD WTR 2.100
RAW WTR 1.900
TREATED WTR 1.600
RAW WTR 1 400
TREATED WTR 1.700
RAW WTR 1 600
TREATED WTR / 2.600

KITCHENER (RE
RAW WTR 2.000
TREATED WTR 2.000
RAW WTR 2.400
TREATED WTR 3.000
RAW WTR 4.800
TREATED WTR 5 400
RAW WTR 2.000
RAW WTR 3.400

TCHZNER (S
TREATED WTR 2 000
TREATED WTR 6.100
TREATED WTR 7. 100
TREATED WTR 1.900
TREATED WTR 2.900

TCHZNER WELL
RAW WTR 2 000
TREATED WTR 2-000
RAW WTR 2.160
TREATED WTR 2-000
RAW WTR 3 800
TREATED WTR 6. 100
RAW WTR 1.200
TREATED WTR 2.100
RAW WTR ~ 200
TREATED ~ 3.700

WZNDSAY WTP
RAW WTR 9 700
TREATED WTR 10 000
RAW WTR 630
TREATED WTR 350
RAW WTR 4.000
TREATED WTR 1.800

250
550

+840

1-000
1 000
1 000
1 000
2.000
1 000

100
000

~ 100
100
200
200
200

.200
CHARGE WELL)

1 000
1.000

.100

.100
100
100
200
200

TRANGE STREET RE
2 000

100
.100
200
200

SUPPLY
1 000
2 000

100
100

.100
100

~ 200
200
200
200

100
100
200
200
200
200

532
F 805

1 190

1 714
1.714
1. 923
1 846
2.000
1. 917

.674
689

1.011
884
447

.468
992

1 162

1-800
1.800
1.043
1. 062
1. 062
1 272

618
1-047

SERVOZR)
2.000
1.492
1 242

.483
1 008

1. 909
2-000

631
646
905

1 029
.517
833
200
783

2 020
1 486

251
.214
873
434



CODE

RZPYEAR

NICKEL
1987
1988

MIN
RESULT

N WSS)
F 000
100
100
590

F 000
200

.200
230

.200
SUPPLY (WELL

200
.200

MAX
RESULT

NDON (LAKE EURO
WTR 4 000

3 000
WTR '7 700

1. 700
WTR 3.700

1.400
WTR 43. 000

WTR
1 100
S. 600

ITOUWADGZ WELL
28.000

WTR 40.000
MARATHON WELL SUPPLY

1 100
280

TORONTO
40.000

WTR 2.000
2.000

WTR 2.000
4.200

WTR 4.400
3.280

WTR 3 160
5. 100

WTR 1.500
1 800

WTR 1.700
TRO TORONTO

2.000
WTR 2 000

2.000
WTR 2.000

4 100
WTR 4 200

2.200
WTR 2-460

1. 600
WTR 1 200

1 500
WTR 1.300

TRO TORONTO
4 000

WTR 3.000
4.000

MTR 3.000
3.900

WTR 4.400
6. 100

WTR 4.800
2 200

SITE

1 917
629

1 520
988

1. 417
593

4. 712
.787

1. 698

TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1989

1990

1991
1,3,RZS)

3.220
7.222RAW WTR

TREATED
1991

.327

. 183
200
000

(EASTERLY WSS)
2.000
2.000
1.000

.000

. 170

.100

.850

.400

.780

.230
530

+460
(R C. HARRIS WTP)

1. 000l. 000
2.000
2.000

.100

. 100
260

.200
200

.200

.900

.580
(R L~ CLJQtK WTP)

2.000
1.000
2.000
2.000

100
. 130
.520
.200
370

1991 RAW WTR
TREATED WTR

ATRO 6. 750
2. 000
1 833
1.750
1.245
1. 025
1. 592l. 471
1. 833

. 888
1.338
1. 118

RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1986

1987

1988

1989

1990

M91

1. 875
1 875
2.000
2.000l. 079

.944
1 269l. 23'7

. 872

.568
1. 110

992

RAW WTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1986

1987

1988

1990

2 250
2. 125
2.250
2. 167
1.227
1. 164
1 753
1. 644
1. 187

RAW MTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW MTR

1986

1987

1988

I.989

1990

DRINKING WATER SURVEILLANCE PROKULM

NICKEL AND CHROMIUM MAX MIN'VK. RESULTS
RAW AND TRPJLTKD



DRINKING WATER SURVEILLANCE PROGRAN
NZ CREL AND CHRQHZUM HAX KZN AVZ RESULTS

RAW AND TREATED

REFYZAR

NXCEZL
1991

1985

1986

198'7

1990

1991

1991

19B5

1986

1987

1988

19B9

1990

1991

1991

1989

1990

1991

1990

1.991

1988

TON WELL SUPPLY
RAW WTR i 1 ~ 400

%ET~=&-S HAY WTP
RAW WTR 4 000
TREATKO WTR 2.000
RAW WTR 3.000
TREATED WTR 2.000
RAW WTR 2.000
TREATZD WTR 2.000
RAW WTR 5.000
TREATED WTR 2 000
RAW WTR 2.500
TREATED WTR 2.400
RAM WTR 2.000
TREATED WTR 1. 500
RAW WTR 1. 900
TREATED WTR ( 1.700

VAPANZE WTP
RAW WTR 1.500
TREATZD WTRi 1.300

NIAGARA FALLS WTP
RAW WTR 3.000
TREATED WTR 2.000
RAW WTR 2.000
TREATED WTR 9.000
RAW WTR 2.000
TREATED WTR 3 000
RAW WTR 5.300
TREATED WTR 4.200
RAW WTR 2.000
TREATED WTR 1 500
RAW WTR 1 200
TREATED WTR .900
RAW WTR 1. 700
TREATED WTR) 1. BOO

MZPZGON WTP
RAW WTR .990
TREATED WTRy 1.300

~RTH SAY WTP
RAW WTR 760
TREATED WTR 790
RAW WTR 1 000
TREATED WTR 850
RAW WTR 1 400
TREATED WTR$'. 800

'mmVZLLE WTP
RAW WTR 1 300
TREATED WTR 1.000
RAW WTR . 1 800
TREATED 1 700

ESSA WTP
RAW WTR 1 400

1.000
1. 000
1. 000
1. 000
2.000
2 000

. 100

. 100

. 100

.100

.200

.200

.200
200

.200
200

3.000
2.000
1. 000
1. 000
1 000
2.000

000
. 100
. 800
. 100
.200
.200
.200
.200

200
.200

.520

.570

.380
~ 200

1.000
.980

.200
200
200

.200

100

392

2. 125
1 375
2.000
1.800
2.000
2.000

.938

.661

.957

.924

.728

.590

.703
660

.797

.706

3-000
2.000
1. 933
2.400
1. 917
2. 083

971
. 907

1.271
896

.848

.6OB

.947
800

351
413

.630
702

.571
525

1 167
1 313

440
. 382
. 864
852

269



CODE

DRINKING %GLTKR SURVEILLANCE PROGRAM

NICKEL AND CHROMIUM MAX MIN. AVE. RESULTS

RAW AND TREATED

REFYEAR

NICREL
1990
1991

.200

.200

.200

1 000
1 000

.430

. 100
100
100

.420

.200

.200

.200
ANNIA)

2.000
2.000
1-000
1. 000

.100

.100

. 610

.100

.490

.200

.000

.000
IEUX ISLAND)

2.000
2.000
1 000
1-000

.420
120

.000

.100
360
200

.550

.210
CHARD H. NEATH WTP)

200
.200
200
200

G SUPPLY
.200
200

1987 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1988

1989

1990

1991

1986 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1987

1988

1989

1990

1991

1986 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1987

1988

1989

1990

1991

1990 RAW WTR
TREATED
RAW WTR
TRELTED

1991
wxaJ

1990
1991

RAW WTR
RAW WTR

1 000
1-0001987 RAW WTR

TREATED

MAX
RESULT

ESSA WTP

WTR ~ 260
a.eoo

WTR 2. 100
4',HAWA WSS

4 000
WTR 2 000

6 000
WTR 5 200

2 '700
WTR 2 600

1.400
WTR 1 300

WTR

9.700
9.900

AWA WSS (BRIT
2.000

WTR 2 000
5.000

MTR 12 000
1.400

WTR 960
3.500

WTR 6.000
1 100

WTR 1.300

MTR

1.400
2.000

AWA WSS (LEE
2.000

WTR 2 000
2.000

WTR 2.000
1.300

WTR . 800
2.900

WTR 4.200
1. 000

WTR .960

WTR

1.400
1 200

N SOUND (RI
1 600
1. 500
1 700
1.600

UND SPRIN
2.700
3.000

ROUGH WSS
2.000
2.000

.206
617

.673

2.125
1. 875
1-630
1.260
1.428
1.416

.982

.883
2-520
2.182

2.000
2.000
2.083
2.750

.775

. 517
1-360

. 860

.765

.575

.849

. 631

2.000
2.000
1.750
1 ~ 750

.759

.486
1.111

.933

.657

.385
1.065

.eas

.452

.432

.558

.534

.439

.751

1. 625
1.625



CODE

DRINKING WATER SURVEILLANCE PROGRAM
NZCKEL AND CHROMIUM MAX. MIN. AVE. RESULTS

RAW AND TREATED

RZFYEAR SITE

NICKEL
1990 RAW WTR

TREATED
RAW WTR
TREATED

1991

1991

1990

1991

1990 RAW WTR
TREATED
RAW WTR
TREATED

1991

1987 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TRZATED
RAW WTR
TREATED

1988

1989

1990

1991

1987 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TRZATED
RAW WTR
TREATED
RAW WTR
TREATED

1988

1989

1990

1991

1991 RAW WTR
TREATED WTR

PORT
1985 RAW WTR

TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1986

1987

1988

MAX
RESULT

PETERBOROUGH WSS
4 800

WTR 1-900
1.300

WTR .430
PZCTON WTP

1. 400
WTR .380

PLANTAGZNET WTP
2.700

WTR .200
13. 000

WTR 11. 000
PORT COLBORNE WTP

2.300
WTR 2.100

2.400
WTR 2.200

PORT DOVER (DOANS
2.000

WTR 3.000
2.500

WTR 3.300
.220

WTR .300
.200

WTR .310
5.800

WTR 8. 100
PORT DOVER WSS

9.000
WTR 2.000

2.600
WTR .950

9.200
WTR 9.300

1 500
WTR .980

6.300
WTR 5.500

PORT HOPE WTP
7.400
6.500

STANLEY WTP
6.000

WTR 2 000
4 000

WTR 2.000
2.000

WTR 2.000
2.400

WTR 000

200
200

.200
~ 200

.400
200

.200

.200

.200

.200

.350

.200

.200

.200
HOLLOW) SPRING

.000
1.000

. 100
100

.100
100

.200.
200
200
200

2.000
1 000

.100

. 100

.100
100
200
200
200
200

200
.200

2.000
1.000
1.000
1.000
2.000
2.000

770
110

967
483
470

.265

.725

.280

1. 590
.200

2.606
1.265

1. 147
.931

1. 122
1 008

SUPPLY
1.375
1.750

.506

. 621

. 124

.144

.200
218

1.222l. 743

2.700
1. 600

861
314

1-419
1 279

878
513

2. 093
1.470

1. 560
1 394

3.400
1.333
2. 167
1 500
2.000
2.000
1.585

555



DRINKING 'WATER SURVEILLANCE PROGRAM

NICKEL AND CHROMIUM MAX. MIN. AVE RESULTS
RAW AND TREATED

CODE

NICKEL
1991

1990

1991

1991

1991

1989

1990

1991

1990

1991

1985

1986

1987

1988

1989

1990

1991

1987

198S

1989

1990

1991

PLANT
MAX
RESULT

PORT STANLEY WTP

RAW WTR 2 400
TREATED WTR 2. 000

PRKSCOTT WTP

RAW WTR 2.500
TREATED WTR 1 900
RAW WTR 3.600
TREATED WTR 3.400

RAINY RIVER WTP

RAW WTR 2.700
TREATED WTR 2.700

RED ROCK
RAW WTR 520
TREATED WTR .640

RENEW MTP
RAW WTR 1.200
TREATED WTR 14 000
RAW WTR 1 600
TREATED WTR 7.500
RAW MTR 1.200
TREATED WTR 1.300

ROCKLAND WTP

RAW MTR .850
TREATED WTR .520
RAW WTR 1.500
TREATED WTR 1.300

SARNIA (LAMBTON

RAW MTR 1 000
TREATED WTR 1. 000
RAW WTR'4 000
TREATED WTR 2 000
RAW WTR 3.OQO
TREATED'MTR 25.000
RAW WTR 1. 000
TREATED WTR 840
RAW MTR .850
TREATED MTR 1. 300
RAW WTR 870
TREATED WTR ~ 820
RAW MTR 1.601
TREATED WTR a.aoo

SAULT STE MARIE
RAW WTR 2 000
TREATED WTR 2.000
RAW WTR .aoo
TREATED WTR . 100
RAW WTR 200
TREATED WTR 200
RAW WTR 200
TREATED WTR 200
RAW WTR 200
TREATED WTR 200

.000

.200

.000
200

.200
201

.300

.000

.200

.000

. 100

. 100
~ 200
.200
200

.200

.610

.200

.200

.200
COUNTY WTP)

1.000
1 000
1.000l. 000

000
1 000

.000

.000
100
100
200
200
200
200

tGOULAIS MELL)
2.000
2.000

100
. 101
.200
200

.20Q

.200

.200

.200

AVZ
RESULT

1 467
885

.937

.897
1 148
1. 158

.975

.912

.297

.255

.311
2.052

.398
2.037

.489

.518

.695

.385

.807

.527

1.000
1 000
2.190
a.45o
1.400
3.909

481
.357
.536
.558
.408
.365
.772
.560

2..000
2.000

. 100

. 100

.200

.200

.200

.200

.200

.200



DRINKINQ WATER SURVEILLANCE PROGRAH
NICKEL AND CHROMIUM HAX. HIN. AVK. RESULTS

RAW AND TREATED

CODE

REFYEAR

NICKEL
1988
1989

1990

1991

1987

1988

19B9

1990

1991

1987

1988

1989

1990

1991

1987

1988

1989

1990

1991

SITZ

TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TRZATZD
RAW WTR
TREATED

1990 RAW WTR
1991 RAW MTR

1990 RAW WTR
1991 RAW MTR

1990

1991

PLY (FIRST AVZ)
200
200

PLY (NORTH MZST
200
200

PLANT
HAX HIN
RESULT RESULT

SAULT STE HARIE (LORNA WKLI )
MTR 2 100 100

1 100 100
WTR .970 100

200 000
WTR .200 200

8.500 .200
MTR 8.500 .200

SAULT STE HARIE (SHANNON WELL)
2.000 2 000

WTR 2.000 2.000
100 . 100

WTR . 100 .100
.200 .200

WTR .200 .200
.200 .200

WTR 200 .200
200 .200

WTR .200 .200
SAULT STK MARIE (STZELTON WELL)

3 000 . '.000
WTR 2.000 .000

2. 100 .100
WTR 2.000 .100

260 100
WTR .300 .100

.200 200
WTR .200 .200

6.000 .200
WTR 5.800 .200

SAULT STE MARIE WTP
2-000 1 000

WTR 2.000 1 000
400 . 100

WTR 810 .100
.630 100

WTR .530 .100
600 200

WTR .200 200
3.900 200

WTR 3.600 .200
SIHCOE SPRINC SUP

3 100
26 000

SIHCOE SPRINC SUP
1. 600

22 000
SIHCOE WELL SUPPLY

2 200 200
WTR 2.400 .200

1. 700 .200
WTR 2.000 .200

AVK
RESULT

303
236

~ 197
. 167
.200

1.583
1. 633

2.000
2.000

100
.100
.200
200
200

.200
200

.200

1.800
1.556

.271

. 262
122

. 125
200

.200
1 175l. 133

1.667
1 667

334
197
227

.230

.275
-200
955
870

816
3.066

ONZ)
.356

2. 182

. 633

.710
542

.606



CODE

DRXNRING WATER SURVKXLLANCZ PROGRAM
NICKEL AND CHROHXUM MAX. NXN AVE. RESULTS

RAW AND TREATED

REFYEAR

NICKEL
1984
1985

1986

1987

1988

1989

1990

1991

&984

1985

1986

1987

1988

1989

1990

1991

1987

1988

1989

1990

1991

1987

1988

1989

1990

SITE

TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAW MTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED

RAW WTR
TREATED
RAW MTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAM MTR
TREATED
RAW MTR
TREATED

RAW MTR
TREATED
RAW MTR
TREATED
RAW WTR
TREATED
RAM WTR
TREATED
RAM WTR
TREATED

MAX
RESULT

PEEL (ZJ
3.000
6.000
3.000

26.000
4.000
6 000
4.000
3.700
3.300
2.400
2.400
1-300
1. 100
2. 100
1 600WTR

SOUTH PEEL (LO
5.000
2.000
7 000
3.000
4.000
2.000
2.000
2.000
2.300
2. 100

L2 000
12.000
7.900
7.4OO
1.400
1.200

CATHARINES
2.000
2.000
2.100
4.000
3 800
3.300
2 400
2.200
1 800
1 100

THONAS (KLG
3.000
2.000
3 400
1 700
3.&00l. 600
2.300

HXN
RESULT

LKZVIEW) MSS
1 000
1.000
1. 000
2 000
2.000
2.000
1 000

.100
100
190
240

.380

.200
200

.200
RNE PARK) WSS

1. 000
1. 000
1.000
1 000
1.OOO
1.000
2. 000
2.000

100
. 120
-100
.100
200
200

.200

.200
(DE CEW WSS)

2 000
2.000

.730
100

1.000
100
620
000
200
200

IN MSS)
2.000
1 000

.520
000
270
000
440

AVE
RESULT

2. 125—-
3. 167
2. 167
5. 077
2.385
2.667
2 333
1. 480
1 305
l. 346
1.226

.770

.700
1. 417
1. 130

2.250@
1.625-
2. 417
1.833
2.250
1.500
2.000
2.000

.780

.878
2.144
2.205
1 667
1. 528

. 845

.628

2. 000
2 000l. 349

.966
2. 050
1.568
1 308
1.075
1.015

735

2 200
1 900
1-611

.820
1.696

.677
1. 043



DRINKING WATER SURVEILLANCE PROGRAM
NXCKEL AND CHRO?4ZUM NAX KZN AVER RZSUX,TS

RAW AND TREATED

REF3G'JLR SITZ

. 1985
1986

TREATED
RAW WTR
TREATED
RAW WTR
TRZATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1987

1988

1989

1990

1991

1987
1988

1987 RAW WTR
1988 RAW WTR

TREATED
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1987
1988
1989

1990

1991

1991 RAW WTR
TREATED

1991

1991 RAW WTR
TREATED

1990 RAW WTR
TREATED
RAW WTR
TREATED

1991

1991 RAW WTR
TREATED

1988 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR

1989

1990

PLANT
MAX MXN

RESUX,T RESULT

STONZY POINT (TZLIURY NORTH
WTR 2 000 1 000

3.000 1 000
WTR 2.000 1 000

2.000 1.000
WTR 2.010 l. 000

. 690 350
WTR .320 100

1.500 .670
WTR .920 .340

1. 900 200
WTR 870 200

2.000 200
WTR .560 .200

STOUFFVILLE (RAW WELL 5)
2.000 1. 000
2.500 . 100

STOUFFVZLLE (RAW WELL 6)
3.010 1. 000
1. 720 .. 100

STOUFFVILLE HELL SUPPLY
WTR 2.000 1. 000
WTR 1. 100 . 100

4.800 .100
WTR 3.510 .000

400 .200
WTR .740 .200

1.600 200
WTR 2.200 .200

STRATFORD WELL SUPPLY
2 000 200

WTR 200 200
SUDBURY (DAVID ST WTP )

120. 000 96.000
WTR 130 000 94 000

SUDBURY (WANAPZTZI WSS)
99.000 10 000

WTR $3.000 7 910
TZCUKSZH WTP

1.4OO 330
WTR 2 000 200

2.300 .200
WTR 1.700 200

TZRJULCE BAY
430 .200

WTR .370 200
THANZSVZLLZ WELL SUPPLY

. 620 . 100
WTR 1.700 100

4.100 100
MTR 4 200 100

200 200

WSS)
1 750
1 667
1 710
1.501
1.500

517
217

1 085
630
703
359
728
286

1.571
690

1. 857
.514

1.571
.266
.919
.745
253
290
814
859

.331
F 200

109. 167
10S.333

30 333
26. 167

866
660
806
525

266
239

156
422

.489

.548

.200



DRINKING WATER SURVEILLANCE PROGRAM

NICKEL AND CHROHZUH MAX. KIN AVE RESULTS
RAW AND TREATED

SIN
RZSVLT

POINT WTP)
. 100
. 100
100
200
200
200
200

CH LOMOND WTP)
260

.230
100
100

.200
200

.201
200

REFYEAR

NICKEL
1988
1989

TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1990

1991

1988 RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1989

1990

1991

ZZ
.200
.2001990

1991
.200
200
200

.200
FILTRATION PLANT

.490
240
200
200

TER ROAD WTP)

'00

. 100
200

.200.
F 200
200

SUPPLY
100

.aoo
~200
200
200
200

1990 RAW WTR
TREATED
RAW WTR
TREATED

1991

1990 RAW WTR
TREATED
RAW WTR
TREATED

1991

1989 RAW MTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED

1990

1991

1989

199D

1991

RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR
TREATED
RAW WTR

2. 000
000
180
000
100

. 100
200

1988

1989

THUNDER BAY (BARE
WTR 391

~ 430
WTR ~ 440

F 880
WTR .980

.330
WTR .330

THVNDER BAY (LO
.410

WTR 16-000
810

WTR 840
1.000

WTR .620
11.000

WTR 380
TZFFZN WELL, BARR

~ 200
.20O

TZLBVRY WTP
4 300

WTR 2 100
2 800

WTR 2 100
TORONTO ISLAND

1 900
WTR 2. 100

2.90D
WTR 2.8DO

TRENTON (CHES
1+200

WTR 1.300
13. 000

WTR 1 801
1.200

WTR 1.610
TRENTON SPRING

2 000
WTR 1 ~ 400

2 600
WTR 2 200

1 500
WTR 1.500

UNION WSS
5.001

WTR 2-000
2.510

WTR 600
1. 600

MTR 1 200
1.4OO

. 193

. 194

. 185

.262

.271
222

.244

.320
5.530

.365

.417

.371

.274
2.267

.253

.200

.200

1. 837
.711

1. 467
.959

'1 106
.944
954

.924

384
366

1. 627
369

. 442

. 557

627
456
764
535
560
670

2.500
1 700
1. 217

. 662
894
570
873



DRXNKXNC WATER SURVKXXZJLNCK PROCRAH
NXCKEL AND CHROKIUH HAX MXN AVK RESULTS

RAW AND TREATED

1985

1986

1987

1988

1989

1990

1991

19B6

1987

1988

1989

1990

1991

1991

1991

19B9

1990

1991

1985

1986

1987

XELD
200

1 000
1 000
1 000
1 000
1. 000
1 000

100
100
520
000
200
200
200
200

1 000
1.000
1 000
1 000
1. 000

.000

.100
100
000
100

«200
~ 200
200
200

(W7, ERB
200

.200
tW2, WXLLXAN

200
200

100
100

«200
.200
200
200

1 000
1.000
1 000

000
2.000
1 000

PLANT
MLX

SXTK RESULT

%9LXXKRS I.XNK MELL F
RAW WTR 2 700

MLLXACZBURC WTP
RAW MTR 6. 000
TREATED WTR 2.000
RAW WTR 8.000
TREATED WTR 3.000
RAW MTR 4.000
TREATED WTR 2. 000
RAW WTR 2.900
TREATED WTR 2.900
RAW WTR 1 800
TREATED MTR 1 600
RAW WTR 3.500
TREATED WTR .460
RAW WTR 6. 900
TREATED WTR 7. 600

WALPOLE XSLAND WTP
RAW WTR 2.000
TREATED WTR 2.000
RAW WTR 2.000
TREATED WTR 3.000
RAW WTR 3.000
TREATED WTR 3.000
RAM WTR 1 600
TRZATZD WTR . .930
RAW WTR 1.300
TREATED WTR 1 100
RAW WTR 1 200
TREATED WTR 3.740
RAM WTR 1.800
TREATED WTR 1 000

WATERLOO WELL SUPPLY
RAW WTR 2. 000
TREATED WTR 2.800

WATERLOO WELL SUPPLY
RAW WTR 7 000
TREATED WTR 6.900

WKLLAND WSS
RAW WTR 2.600
TREATED) WTR 1. 900
RAW WTR 2.600
TREATED WTR 2 '00
RAW WTR 1 200
TfKATED WTR 1. 100

WXNDSOR WSS
RAW WTR 6 000
TREATED WTR '. 000
RAW WTR 6 000
TREATED WTR 4.000
RAW WTR 6.000
TREATED WTR 3.000

622

2. 000
1. 636
1 792
1 583
1. 923
1. 786

770
632

1.042
840

.960
279

1. 525
1. 567

l. 500
1.333
1. 400
1.571
1.889
1. 778

490
447
558

.608

.398

.960

.900
575

RES)
634

.641
ST RES)

1. 430
1. 530

1 393l. 172l. 273
1. 115

. 630
528

2 571
1 250
2.043
1 696
2.462l. 923



DRINKINQ WATER SURVEILLANCE PROGRAM

NICKEL AND CHROMIUM MAX. MIN. AVE. RESULTS
RAW AND TREATED

REFXIKR SITE

NICKEL
1990 RAW WTR

TREATED WTR
RAW WTR
TREATED WTR

1991

MAX
RESULT

WINDSOR WSS
6 100
5 500
1.200
1

10'IN
RESULT

.200
200

.200
200

AVE
RESULT

1. 543
1. 150

.450

.374



l=ig. 2: Ni concentration in air (1984-1991)
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The bracketed numbers Indicate sample sizes for each of the locations. Data source was from Dann, T., ETC, Ottawa, ON (1 992),
Ecologic (1989), and Chan and Lusls (1986) In I PCS (1991).



¹ickei ConcentrationsI Canadian Air Samples h 1987-1990 (ng/m3)

Median MaxtMcan
1.789
4.619
4.80D
4.800
3.000
9.0DD

O.DDD

25.667
0.000
3.667
6500
9500
8.0DD

3.000
8.000
4.667
3.750

4 Samples

164
208
159
121
269

212
61

187
161
229
242
249
303
233
241

Location
Maximums~cticCanada'.00068

l ifax(NS. Tech CoH) 0.097 0.0191 ntreal (Ontario Est) 0.024 0.003I-ntreal (Duncan/Decazie)
0.024 0.004:bec City {Pare Cartier-Bre) 0.015 0.004ttawa (Rideau/Wurtemburg)
0.027 0.001i duty
2.000; dsor (University Ave) 0.077 0.002indsor (College/Prince)
0.020 0.001~ nto (Breadalbane)
0.011 0.002- pole Jsland
0.013 0.001'ipeg (EHen St) 0.019 0.001'nton (104th St) 0.016 0.001lgary (7th Ave)
0.006 0.001:: ouver (Rocky Pt. Park) 0.032 0.003ouver (West 10th Ave) 0.014 0.003toria (Quadra St)
0.015 0.003Chm ~

Lusis, 1986; aH other values obtained from Mr.T. Dann, River Road ETC, Ottawa, Ont., Canada



Fiq. 3: Ni Fallout near Sudbury
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Canadian Sampling Sites and Timeframe

I
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I

The above data are from references listed on the next page, organized according to site, where CC=Copper Cliff Smelter, lORP=lron Ore
Recovery Plant, MIK=Mikkola Subdivision, LBL=Llvely-Black Lake Road, and according to year, which is the two digits following location.
References used are: Bell (1986) and oreislnger (1985) from )Neo, with sampling during 1983-1985 and 1982-1984, respectively.



Average nicki » deposi tion around and S.. - of Copper Cliff
at 13 stations. Bracketed figures are average levels
during shutdown periods. (LbMsquare mile/'30 days)

General Areas*

Copper
Cli ff

I QRP
CCNR

Nikkola Lively - Black
Subdivision Lake Road

Avg. 1982

Avg. 1983

Avg. 1984

318

418

496

(47)

(25)

(34)

156

156

(29)

(19)

(22)

129

122

197

(25)

(32)

(13)

31

69

(13)

Jan. 1985
Feb.
Mar.
Apr ~

Nay
June
&uly
Ug ~

Sept
Oct.
Nov,
Dec.

397
669
951
833
674
415

330
380
462
734
691

594

(47)

288
146

. 248
255
174
329

386
220
206
233
322

237

(34)

143
253
190

85
99

139

74
86
50

232
244

(33) .

101
106
213

45
95
17

. 34
55
28

232
100

84

(12)

Correspondence B.J. Bell to 'Impose Listed: Dust and Metal Fallout in the Copper Cliff Area - 1985
(February 10, 1986). Report prepared by Dreisinger and Buchanan.

Correspondence B.R. Dreisinger to 'Impose Listed: Dust and Metal Fallout in the Copper Cliff Area - 1984
(February 26, 1985). Report prepared by Dreisinger and Buchanan.



tc
I=igure 4: Ni concentration in ter)'estrial wildlife
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The bracketed numbers Indicate sample sizes for each of the following species: Blarina brevicauda, Clethrionomys gapperl, Cryptotis
parva, Lepus amerlcanus, Microtus pennsylvanlcus, Mus musculus, Peromyscus leucopus/maniculatus, Rattus norveglcus & Sorex cinerus.



REFERENCES ON WHICH FIGURE ¹4 IS BASED:

Ref. ¹
1

2
3
4
5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Reference
Bayer et al. (1990)
Scanlon (1987)
Scanlon (1 987)
Smith and Rongstad (1981)
Smith and Rongstad (1981)
Scanlon (1 987)
Scanlon (1 987)
Smith and Rongstad (1981)
Anthony and Kozlowski (1 982)
Anthony and Kozlowski (1 982)
Anthony and Kozfowskl (1 982)
Anthony and Kozlowskl (1982)
Bayer et al. (1990)
Scanlon (1 987)
Scanlon (1 987)
Smith and Rongstad (1981)
Bayer et al. (1990)
Scanlon (1 987)
Anthony and Kozlowski (1 982)
Anthony and Kozlowski (1 982)
Anthony and Kozlowski (1982)
Anthony and Kozlowski (1 982)
Beyer et al. (1990)
Scanlon (1 987)
Scanlon (1987)
Smith and Rongstad (1 981)
Scanlon (1987)
Scanlon (1987)
Scanlon (1987)
Smith and Rongstad (1981)

Species
Blarina brevi cauda
Blarina brevicauda
Blarina brevicauda
Blarina brevicauda
Clethrionomys gapperi
Cryptotis parva
Cryptotis parve
Lepus americanus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Microtus pennsylvanicus
Mus musculus
Mus musculus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus maniculatus
Rattus norvegicus
Sorex cinereus
Sorex cinereus
Sorex cinereus

Organ Tested
whole
whole
whole
whole
whole
whole
whole
whole
kidney
kidney
liver
liver
whole
whole
whole
whole
whole
whole
kidney
kidney
liver
liver
whole
whole
whole
~hole
~hole
whole
whole
whole



APPENDIX (DATA TABLE )FOR FIG. 4: Nlclrel In Terrestrial Wildlife (mammalian tissue)

Species
Blarine brevlceude
Blerlrra brevlceuda
Blerlne brevlcauda
Blerlne brevlceude
Clerhrlonomys gapperl
Cryplolls parve
Cryprofle parve
Lepus emerlcanus
Microtus pennsylvenlcus
Mlcrotus pennsylvenlcus
Microfus pennsylvenlcus
Microlus pennsylvenlcus
Microlus pennsyfvenlcus
Mlcrotus pennsylvanicus
Microtus pennsylvenlcus
Mlcrolus pennsyfven/cus
Mus musculus
Mus musculus
Peromyscus Ieucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus leucopus
Peromyscus /eucopus
Peromyscus menlculefus
Rerfus norveglcus
Sorex clnsreus
Sorex clnersus
Sorex clnereus

Unks
ug/g dw
uglg fw

ug/g dw
ug/g fw

ug/g fw

ug/g fw

ug/g dw
ug/g dw
ug/g fw

ug/g fw

ug/g dw
ug/g fw

ug/g fw

ug/g fw

ug/g dw
ug/g dw
ug/g fw

uglg dw
ug/g fw

ug/g fw

ug/g fw

ug/g dw
ug/g dw
ug/g fw

ug/g fw

ug/g dw
ug/g fw

ug/g fw

ug/g fw

ug/g dw

whole
whole
whole
whole
whole
whole
whole
whole
kidney
kidney

liver
liver

whole
whole
whole
whole
whole
whole
kidney
kidney

liver
liver

whole
whole
whole
whole
whole
whole
whole
whole

1.270
1.010
1.200
0.930
1.280

1.360
1.340
0.990
3.700
0.230

1.140
1.000
0.770

0.730

Organ Tested Minimum Maximum

(.360
1.590
2.800
1.300
1.450

1.760
2.470
1.700

1.620

3.070
1.480
1.000

2.400

Average
10.000

0.840
0.230
2.570
1.400
0.560
0.430
4.600

2.900
4.400
1.400
0.800
3.200

4.190

Location
N.E. USA, dredge spoil sites
Virginia, highway verges
Virginia, highway verges
Wisconsin, undeveloped ore deposit
Wisconsin, undeveloped ore deposit
Virginia, highway verges
Virginia, highway verges
Wisconsin, undeveloped ore deposit
USA, forest/field + sewage-effluent
USA, forest/field + sewage-effluent
USA, forest/Iield + sewage-effluent
USA, forest/field + sewage-effluent
N.E. USA, dredge spoil sites
Virginia, highway verges
Virginia, highway verges
Wisconsin, undeveloped ore deposits
N.E. USA, dredge spoil sites
Virginia, highway verges
USA, forest/Iield + sewage-effluent
USA, forest/iield + sewage-eflluent
USA, forest/field + sewage-effluent
USA, forest/field + eewagewffluent
N.E. USA, dredge spoil sites
Virginia, highway verges
Virginia, highway verges
Wisconsin, undeveloped ore deposits
Virginia, highway verges
Virginia, highway verges
Virginia, highway verges
Wisconsin, undeveloped ore deposits

Reference
Bayer et al. (1990)
Scanlon (1987)
Scanlon (1987)
Smith and Rongstad (1981)
Smith and Rongstad (1981)
Scanlon (1987)
Scanlon (1987)
Smith and Rongstad (1981)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Bayer et al. (1990)
Scanlon (1987)
Scanlon (1987)
Smith and Rongstad (1881)
Bayer et al. (1990)
Scanlon (1987)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Anthony and Kozlowskl (1982)
Bayer et al. (1990)
Scanlon (1987)
Scanlon (1987)
Smllh and Rongstad (1981)
Scanlon (19S7)
Scanlon (1987)
Scanlon (19S7)
Smith and Rongstad (19S1)
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Fig. 6: Nickel levels in Canadian soil
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The square-brac)dieted values refer to sample size. References are: Ooyle (1991) and Evans (1991).



Fig. 7: Toxicity of Ni in water to fish
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I 0.1
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Numbers accompanying graph: (reference); (sample size). The test protocol involves: Lc50-tNi] at which 50% of the exposedorganisms survive, for varying water hardnesses and time periods, eg, 12 to 96 hr, and long term no observable effect for eggs.



REFERENCES ON WHICH FIGURE sr? IS BASED:

Rsf. 4
1

2
3
4
5
8
7
8
8

10
11

12
13
14
15
16
17
16
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
36
39
40
41
42
43
44
45
46
47
48
49
50
51

Khangsrot (1981)
Khangarot (1881)
Khsngarot (1881)
Khangarot (1861)
Rehwoldt at al. (1972)
Rao st al.(1875)
Rehwoldt st al. (1972)
Rehwoldt st aL (1871)
Picketing 6 Henderson (1886)
Rehwoldt et al. (1971)
Rehwoldt et al. (1971)
Rehwoldt st al. (1972)
Pickering 6 Henderson (1966)
Rshwoldt at al. (1972)
Rehwoldl et al. (1971)
Pickeriny 6 Henderson (1866)
Rahwoldt et al. (1971)
Rehwoldt et aL (1972)
Pickering 6 Henderson (1966)
Rehwoldt et al. (1972)
Rehwoldt et al. (1971)
Saxens 6 Parashari (1963)
Pickering 6 Henderson (1966)
Khangsrot (1981)
Khanysrot (1861)
Khangsrot (1981)
Khanyarot (1861)
Khanyarot 6 Ray (1990)
Kumar 6 Neth (1967)
Pickering 6 Henderson (1966)
Kumar 6 Neth (1967)
Picksring 6 Henderson (1966)
Rehwoldt et V. (1971)
Rehwoldt at al. (1871)
Rehwoldt et sl. (1972)
Pickering 6 Henderson (1966)
Rehwoldt et al. (1971)
Rehwoldt st al. (1872)
Rehwoldt st aL (1972)
Rehwoldt et aL (1871)
Pickeriny 6 Henderson (1866)
Rehwoldt et U. (1972)
Rehwoldt st aL (1871)
Pickering 6 Henderson (1966)
Rehwoldt st al. (1972)
Rehwoldt st al. (1971)
Rao et al. (1975)
Rehwoldt st al. (1972)
Saxena 6 Parashari (1883)
Blsylock 6 Frank (1979)
Bisylock 6 Frank (1979)

Species
Charms punctstus
Leb/ates rsticu/stus
Pundus sophore
Rasbors dsn/con/us
Angullls rostrate
Cyprlnus carpib
Roccus n~~rrlls
Roccus saxa//iis
Pimephales promaas
Anguilis rosuals
Lepomis glbbosus
Lepomis gibbosus
Lebistes re!i culatus
Roccus americenus
Roccus americanus
Calasslus eutstus
Cyprinus carpio
Cyprinus carpio
Lepomis mscrochinn
Fundulus diephsnus
Fundulus diephanus
Charms punctatus
Lepomis mscrochlrus
Resbors dsn/con/us
Charms punclalus
Puntius sophore
Lebistes ret/cu/stus
Pose/lie reticu/ste
Co/isa /senatus
Pimsphales promeles
Co/isa /senatus
Lab/ates reticutetus
Fundulus diephsnus
Lepomis gibbosus
Lepomis gibbceus
Pimephslss Frame/ss
Roccus saxatllis
Roccus ssxstilis
Anguille rostrate
Anguille rostrate
Lepomis macrochirus
Roccus americanus
Roccus amer/canus
Caress/us aura/us
Cyprinus carpio
Cypnnus carp/o
Cyprlnus carp/o
Fundulus diephenus
Charms punctetus
Cypn'nus carplo
Cyprinus carpio

52
53
54
55
56
57
58
58
60
81
62
63
64
.65
86
67
66

70
71
72
73
74
75
76
77
78
79
60
81
82
83
84
85
66
87
88
89

Raiarenca
Saxena 6 Parsshari (1863)
Kumar 6 Neth (1887)
Khsngarot (1881)
Khangarot (1881)
Khangsrot (1881)
Khanyarot 6 Rsy (1890)
Khangarot (1881)
Pickering 6 Henderson (1966)
Picksring 6 Henderson (1966)
Pickering 6 Henderson (1966)
Rehwoldt st al. (1971)
Rehwoldt et al. (1972)
Rehwoldt at al. (1972)
Nebeker et aL (1985)
Rehwoldl et al. (1971)
Nebeker et al. (1965)
Pickeriny 6 Henderson (1966)
Nebeker et aL (1965)
Rehwoldt at aL (1972)
Rehwoldt et al. (1971)
Nebeker et U. (1985)
Rehwoldt et aL (19?2)
Rehwoldt et aL (1971)
Rehwoldt st al. (1971)
Rshwoldt et al. (1972)
Anderson (1981)
Grande 6 Andsrsen (1963)
Anderson et aL (1978)
Rso et al.(1975)
Rahwoldt at al. (1972)
Rshwoldt at al. (1871)
Verms et aL (1862)
Ssxena 6 Parashari (1963)
Kumar 6 Neth (1967)
Pickering (1874)
Pickering (1974)
Khangarot (1861)
Khangarot (1881)

84
85
96
87
$6
$9

100
101

$0,Khsnyarot (1981)
Khanyarot 6 Ray (1990)
Pickering 6 Henderson (1966)
Pickering S Henderson (1966)
Khanyarot (1961)
Hamilton 6 Buhl (1990)
Hamilton 6 Buhl (1890)
Eisler 6 Hsnnekey (1977)
Nsbsker at al. (1985)
Nebeker et aL (1985)
Nabeker sl al. (1865)
Nebsker at al. (1865)

Species
Charms punctslus
Co/isa /senatus
Charms punclatus
Puntius sophors
Rssbors dsniconius
Pose/lie reticulate
Lebistes reticulstus
Lebistas reliculstus
Pimsphalss promelss
Lepomis mscrochirus
Roccus ssxstllis
Roccus sexslilis
Lepomis gibbosus
Selmo geirdnsri
Lepomis gibbosus
Sslmo gsirdneri
Csrsssius surstus
Sslmo gsirdnsri
Cyprinus car pic
Cyprinus csrpio
Sslmo gsirdneri
Anguills rostrate
Anguills rostrate
Roccus emeri canus
Roccus americsnus
Sslmo gsirdneri
Sslmo gsirdnsri
Sslmo gsirdneri
Cyprinus csrpic
Fundvlus diephsnus
Fundulus diephsnus
hfystus vittetus
Charms punctsrus
Co/isa lsscislus
Pimephsies promelss
Pimephsles prome/as
Charms punctslus
Pontius sophore
Rssbore dsniconius
Poecilis reliculele
Lepomis mscrochirus
Pimsphslss promelas
Lebisles reticulstus
Oncorhynchus tshswytschs
Oncorhynchus tshswytschs
Fundulus heteroclitus
Salmo geirdner/
Selmo gsirdneri
Sslmo gelrdneri
Salmo geirdneri



Aismtlelbakity of Nkkel lo Fhh

Reference
Rchwoldl el el. (1912)
Rehwoldt cl al. (1912)
Rchwoldl et al. (1972)
Rehwoldl el aL (1971)
Rehwoldl cl aL (1911)
Rehwoldl el al. (1911)
Pkkerlng 4 Henderson (1964)
Plckering 4 Hendenon (1966)
Pkketlng Ik Henderson (1966)
Khangetol (1981)
Sesena 4 Perashetl (1983)
Sasena 4 Patashatl (1983)
Khangatol 4 Duke(1982)
Khengatol (1981)
Sasena 4 Patashatl (1983)
Sceeen 4 Patasherl (1983)
Khangetol (1981)

Khengetol (1981)
Khengatol (1981)
Taylor el al (1985)

Taylor el al. (1985)
Taylor el aL (1985)
Cheudhty Ik Helh (198$a)
Chaudhty (1984)
Helh 4 Kumer (1990)
Cheudhty 4 Hath (1985b)
Kumar 4 Hath (1987)
Kumar 4 Hath (1987)
Kumer 4 Hath (1987)
Kumer 4 Hath (1987)
Hath 4 Kumer (1989)
Bleylock 4 Frank (1919)
BLybck 4 Frank (1979)
Rchwtddt cl al (19n)
Rao el el.(191$)
Rao el al.(1915)
Rao et al.(1915)
Sleylock 4 Frank (1979)
Slaylock 4 Frank (1919)
Rehwoldl el al. (1972)
Rchwoldl el eL (1912)
Rchwtddt cl aL (1971)

Spedcs
Anguiga toeltela
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Fig. 8: Toxicity of Ni in water to invertebrates and amphibia
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LC50-lethal concentration for 50% of test organisms; I-invertebrates.; a-amphibia.
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Fig. 9: Toxicity of Ni in water to Aquatic Flora
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Fig. 10: Toxic Ni Levels for Invertebrates found in Sediment
100C

Ul
E

to
E

M
t:
C0

C
fD
O

0
O
tD

O

fD

in~f48)
in=152)

in~137)

in=124) In=45)

in=39)

-10

in~183]

I I I I I I I

12 hr LC90 12 hr LC95 12 hr LCSO 12 hr LC10 24 hr LC50 24 hr EC50 LOEC

Toxicity Test Protocol

I I I I
NOEC high ep.div. mod ap.div. tow ap.div.

— Min-Max
I

OC Mean ~l Median

bata displayed above was collected from NOAA (1 991) in the form of Technical Memorandum NOSOMA-52, and from Evans (1991).
LC=lowest (NI] for varying survival rates (10-90%), BC=effective (NI], LOEC=lowest observable effect and NOEC=no observatble
effect of (NI]. Low to high species diversity Is also examined in context of (Ni]. (Sample size] In each toxicity test prot .



TECHNICAL DOCUMENT: ENVIRONMENTAL.SECTIONS
REFERENCE LISTS: TABLE OF CONTENTS

April 28, 1993

References on nickel and its compounds from January 1, 1985 to January 1, 1992......... R 1

 keferences required to create Data Summary on Nickel .......................... R 2
References from Environment Canada Personnel............................... R 3
References from Ministry of Environment Personnel ........... R 4
References from INCO Personnel ........................................ R 5



htaRENCES (Scientific Journal Artides 1985-1991)

(ANON) REV, E.N.-.C.O.N. Nickel. REVIEWS OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY; 1989; 107: 103-115.
Note: Revie~.

Abbas, A.; Edwards, C. Effects of Metals on a Range of Streptomyces Species. APPLIED AND
ENVIRONMENTAL MICROBIOLOGY; 1989; 55(8): 2030-2035.

Abdallah, A.M.; Kabil, M.A. Elimination of Interferences in the Atomic-Absorption Spectrometric
Determination of Manganese, Chromium and Nickel in Ferroalloys. CHEMIA ANALITYCZNA; 1988;
33(1): 75-84.
Note: Article.

Abollino, O.; Mentasti, E.; Porta, V.; Sarziumi, C. Immobilized 8 xine Units on Different Solid
Sorbents for the Uptake of Metal Traces. ANALYTICAL CHEMISTRY; 1990; 62(1): 21-26.

Adams, J.F.; Kissel, D.E. Zinc, Copper, and Nickel Availabilities As Determined by Soil Solution and
DTPA Extraction of a Sludge-Amended Soil. COMMUNICATIONS IN SOIL SCIENCE AND PLANT
ANALYSIS; 1989; 20(1-2): 139-158.
Note: Article.

Adamu, C.A.; Bell, P.F.; Chancy, R.; Mulchi, C. Residual Metal Concentrations in Soils and Leaf
Accumulations in Tobacco a Decade Following Farmland Application of Municipal Sludge.
ENVIRONMENTAL POLLUTION; 1989; 56(2): 113-126.

Adeloju, S.B.; Tran, T. Simultaneous Determination of Nickel and Cobalt in Manganese Sulfate
Electrolyte by Dmgh2-Sensitized Differential Pulse Polarography. ANALYTICAL Let laRS; 1986;
19(15-1): 1633-1651.
Note: Article.

Aggarwal, S.K.; Herold, D.A.; Kinter, M.; Wills, M.R.; Savory, J. Isotope-Dilution
Gas-Chromatography Mass-Spectrometry for the Determination of Nickel in Biological-Materials.
ANALYTICAL CHEMISTRY; 1989; 61(10): 1099-1103.
Note: Article.

Aggarwal, S.K.; Kinter, M.; Herold, D.A.; Wills, M.R.; Savory, J. Determination of Isotope Ratios of
Chromium, Nickel, Zinc and Copper by Gas Chromatography-Mass Spectrometry by Using Volatile
Metal-Chelates. ANALYTICA CHIMICA ACTA; 1989; 224(1): 83-95.
Note: Article.

Aigistova, S.K.; Kharlamov, V.A.; Sadykov, A.N.; Safiullina, G.K. Vanadium and Nickel in Petroleums
of Bituminous Tatar Rocks. PETROLEUM CHEMISTRY-USSR; 1984; 24(3): 146-147.
Note: Article.

Ajayi, S.O.; Mombeshora, C. Sedimentary trace metals in lakes in Ibadan, Nigeria. SCIENCE OF THE
TOTAL ENVIRONMENT; 1989; 87/88: 77-84.



Ajayi, S.O.; VanLoon, G.W. Studies on redistribution during the analytical fractionation of metals in
sediments. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; $7/88: 171-187.

Akagi, T.; Haraguchi, H. Simultaneous Multielement Determination of Trace-Metals Using 10 ml of
Seawater by Inductively Coupled Plasma Atomic Emission-Spectrometry with Gallium Coprecipitation
and Microsampling Technique. ANALYTICAL CIIEMISTRY; 1990; 62(l): $ 1-85.

Akslen, L.A., Myking, A.O., Morkve, O., Gulsvik, A., Raithel, HJ.ISchaller, K.H. Increased content
of chromium and nickel in lung tissues Rom patients with bronchial carcinoma. PATHOLOGY,
RESEARCH AND PRACTICE; 1990; 1$6(6): 717-723.

Alary, J.; Escrieut, C.; Haran, R.; Vandaele, J. Deter i»&~on of Trace Amounts of Nickel by
Atomic-Absorption Spectrometry Af'ter Carbonyl Generation. TALANTA; 1986; 33(9): 748-750.
Note: Note.

Alberts, J.J.; Price, M.T.; Kania, M. Metal concentrations in tissues of Spartina alterniflora (Loisel) and
sediments of Georgia salt marshes. ESTUARINE, COASTAL AND SHELF SCIENCE; 1990; 30(1):
47-58.

Albracht, S.P.J. Nickel in Hydrogenase. RECUEIL DES TRAVAUX CHIMIQUES DES
PAYS-BAS-JOURNAL OF THE ROYAL NETHERLANDS CHEMICAL SOCIETY; 1987; 106(6-7):
173-173.
Note: Meeting-Abstract.

Albracht, S.P3.; Ankelfuchs, D.; Fontijn, R.D.; Thauer, R.K.; Vanderzwaan, J.W. A New
Electron-Paramagnetic-RES Signal ofNickel in Methanobacterium-Ihermoautotrophicum. BIOCHIMICA
ET BIOPHYSICA ACTA; 1986; 870(1): 50-57.
Note: Article.

Albracht, S.P.J.; Bocher, R.; Fontijn, R.D.; Kroger, A.; Mell, H.; Unden, G.; Vanderzwaan, J.W.
Direct Evidence for Sulfur As a Ligand to Nickel in Hydrogenase - An Electron-Paramagnetic-RES Studyof the Enzyme from Wolinella-Succinogenes Enriched in S-33. BIOCHIMICA ET BIOPHYSICA ACTA;
1986; 874(l): 116-127.
Note: Article.

Aldag, W.J.; Dalvi, A.D.; Guiry, J.D.; Osborne, R.C. Developments at Pt Incos Indonesian Nickel
Project. CIM BULLETIN; 1986; 79(890): 81-81.
Note: Meeting-Abstract.

Alder, J.F.; Batoreu, M.C.C.; Marks, R.; Pearse, A.D. Depth Concentration Profiles Obtained byCarbon Furnace Atomic-Absorption Spectrometry for Nickel and Aluminum in Human-Skin. JOURNAL
OF ANALYTICAL ATOMIC SPECTROMETRY; 1986; 1(5): 365-367.
Note: Anicle.

Aldridge, R.D.; King, G.; Sewell, H.F.; Thomson, A.W. Topical Cyclosporin-A in Nickel Contact
Hypersensitivity - Results of a Preliminary Clinical and Immunohistochemical Investigation. CLINICAL
AND EXPERIMENTAL IMMUNOLOGY; 1986; 66(3): 582-589.
Note: Article.



Alegria, A.; Barbera, R.; Farre, R. Environmental contamination on Cd, Co, Cr, Cu, Ni, Pb and Zn
content of edible vegetables - safety and nutritional aspects. JOURNAL OF MICRONUTIGENT
ANALYSIS; 1990; 8(2): 91-105.

Alex, L.A.; Reeve, J.N.; Ormejohnson, W.H.; Walsh, C.T. Cloning, Sequence Determination, and
Expression of the Genes Encoding the Subunits of the Nickel&ntaining 8-Hydroxy-5-Deazaflavin
Reducing Hydrogenasefrom Methanobacterium-ThermoautotrophicumDelta-H. BIOCHEMISTRY; 1990;
29(31): 7237-7244.
Note: Article.

Ali, L.Z.; Sloan, D.L. Activation of Hypoxanthine Guanine Phosphoribosyltransferase from Yeast by
Divalent Zinc and Nickel Ions. JOURNAL OF INORGANIC BIOCHEMISTRY; 1986; 28(4): 407%15.
Note: Article.

Alikhan, M.A. Ef'fects of Temperature, and Dietary Magnesium and Nickel Levels on Magnesium and
Nickel Concentrations During the Molt-Cycle in Oniscus-Asellus (Porcellionidae, Isopoda, Crustacea).
ARCHIVES INTERNATIONALES DE PHYSIOLOGIE ET DE BIOCHIMIE; 1990; 98(1): 11-18.
Note: Article.

Alikhan, M.A.; Bagatto, G.; Zia, S. The crayfish as a biological indicator" of aquatic contamination
by heavy metals. WATER RESEARCH; 1990; 24(9): 1069-1076.

Alikhan, M.A.; Storch, V. Copper and Nickel Uptake and Accumulation, and Their Effects on Redox
and Electrical Potentials ofHepatopancreatic Cells ofOniscus-Asellus Linnaeus (Porcellionidae, Isopoda).
CANADIAN JOURNAL OF ZOOLOGY-JOURNAL CANADIEN DE ZOOLOGIE; 1990; 68(4):
651&55.
Note: Article..

Alikhan, M.A.; Zia, S. Nickel Uptake and Regulation in a Copper-Tolerant Decapod, Cambarus-Bartoni
(Fabricius) (Decapoda, Crustacea). BULLETIN OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY; 1989; 42(1): 94-102.
Note: Article.

Aljabari, G.; Jaselskis, B. Chemical-Reduction and Spectrophotometric Determination of Silver, Copperand Nickel. TALANTA; 1987; 34(5): 479%82.
Note: Article.

Allen, C.J.; Battiston, L.; Mills, R.J. Galvanizing Plant Trial Using the Nickel-Zinc Process. CIM
BULLETIN; 1986; 79(890): 80-80.
Note: Meeting-Abstract.

Alloway, B.J.; Jackson, A.P. The Behavior of Heavy-Metals in Sewage Sludge-Amended Soils.SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 100(MAR): 151-176.
Note: Review.

Altawil, N.G.; Marcusson, J.A.; Moiler, E. Lymphocytes-T and Lymphocytes-B in Patients with Nickel
Sensitivity. SCANDINAVIAN JOURNAL OF IMMUNOLOGY; 1985; 22(5): 495-502.
Note: Article.



Alvarado, J.; Lima, C.; Lopez, F.; Leon, L.E. Comparison of Conventional and Microwave Wet Acid
Digestion Procedures for the Deter»»~&~on of Iron, Nickel and Velum in Coal by Electrothermal
Ato»~~~ton Atomic-Absorption Spectrometry. JOURNAL OF ANALYTICAL ATOMIC
SPECTROMETRY; 1988; 3(1): 135-138.
Note: Article.

Ambhore, D.P.; Joshi, A.P. Simultaneous Deter»~on of Cobalt and Nickel with
3-'Ihiobenzoyl-I-Para-Tolylthiocarbamide. INDIAN JOURNAL OF CHEMISTRY SECTION
A-INORGANIC PHYSICAL THEORETICAL h, ANALYTICAL; 1986; 25(7): 699-700.
Note: Note.

Andersen, H.R.; Andersen, O. Effect of Nickel Chloride on Hepatic Lipid-Peroxidation and Glutathione
Concentration in Mice. BIOLOGICAL TRACE ELEMENT RESEARCH; 1989; 21(JUL-): 255-261.
Note: Article.

Andersen, I.; Svenes, K.B. Determination ofNickel in Lung Specimens of39 Autopsied Nickel Workers.
INTERNATIONAL ARCHIVES OF OCCUPATIONAL AND ENVIRONMENTAL HEALTH; 1989;
61(4): 289-295.

Andersen, J.R.; Ganunelgaard, B.; Reimert, S. Direct Determination of Nickel in Human-Plasma by
Zeeman-Corrected Atomic-Absorption Spectrometry. ANALYST; 1986; 111(6): 721-722.
Note: Article.

Andersson, L.A.; Huf'f, A.; Smith, K.M. Tunichlorin - Spectroscopy of the Naturally-Occurring
Nickel(11)-Pyropheophoribide-A Complex and Its Derivatives. BIOPHYSICAL JOURNAL; 1990; 57(2):
A232-A232.
Note: Meeting-Abstract.

Ando, A.; Ando, I. Accumulation of Each Element in the Lysosome of 'Dmor and Liver-Cells As
Systematized According to Its Location in the Periodic Table. APPLIED RADIATION AND ISOTOPES- INTERNATIONAL JOURNAL OF RADIATION APPLICATIONS AND INSTRUMENTATION
PART A; 1990; 41(3): 327-331.

Andrews, R.K.; Blakeley, R.L.; Zerner, B. Nickel in Proteins and Enzymes. METAL IONS IN
BIOLOGICAL SYSTEMS; 1988; 23: 165-284.
Note: Review.

Andronikashvili, E.L.; Bregadze, V.G.; Monaselidze, J.R. Interactions Between Nickel and DNA-
Considerations About the Role of Nickel in Carcinogenesis. METAL IONS IN BIOLOGICAL
SYSTEMS; 1988; 23: 331-357.
Note: Review.

Anegawa, T.; Fujimoto, N.; Shio, H.; Kameyama, M.; Yasuda, Y. Erythrocyte Deformability As
Measured with a Newly Developed Nickel Mesh. CLINICAL HEMORHEOLOGY; 1987; 7(6): 803-810.
Note: Article.

Angel, R3.; Finger, L.W. Polymorphism of Nickel Sulfate Hexahydrate. ACTA
CRYSTALLOGRAPHICA SECTION C-CRYSTAL STRUCTUIK COMMUNICATIONS; 1988;



44(NOV): 1869-1873.
Note: Article.

Angelidis, M.; Gibbs, R.J. Chemistry of metals in anaerobically treated sludges. WATER RESEARCH;
1989; 23(1): 29-33.

Angelidis, M.; Gibbs, R.J. The Segregation of Metals During the Ocean Dumping of Sludge. SCIENCE
OF THE TOTAL ENVIRONMENT; 1991; 102(FEB): 129-145.
Note: Article.

Angerer, J.; Heinrichramm, R.; Lehnert, G. Occupational Exposure to Cobalt and Nickel - Biological
Monitoring. INTERNATIONAL JOURNAL OF ENVIRONMENTAL ANALYTICAL CHEMISTRY;
1989; 35(2): 81-88.

Angerer, J.; Lehnert, G. Occupational Chronic Exposure to Metals .2. Nickel Exposure of Stainless-Steel
Welders - Biological Monitoring. INTERNATIONAL ARCHIVES OF OCCUPATIONAL AND
ENVIRONMENTAL HEALTH; 1990; 62(1): 7-10.
Note: Article.

Anwar, J.; Nahid, F.; Kirmani, Z.U. Determination of Trace-Metals in Crude-Oil Samples by
Atomic-Absorption Spectroscopy Using a Mixed-Solvent System. JOURNAL OF THE CHEMICAL
SOCIETY OF PAKISTAN; 1990; 12(3): 249-252.
Note: Article.

Anwer, J.; Mehrotra, N.K. Effect of Simultaneous Exposure to Nickel Chloride and Benzo(A)Pyrene on
Developing Chick-Embryos. DRUG AND CHEMICAL TOXICOLOGY; 1986; 9(2): 171-183.
Note: Article.

Appanna, V.D. Impact of Heavy-Metals on an Arctic Rhizobium. BULLPEN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1991; 46(3): 450455.
Note: Article.

Apte, S.C.; Gunn, A.M. Rapid-Determination of Copper, Nickel, Lead and Cadmium in Small Samples
of Estuarine and Coastal Waters by Liquid Liquid Extraction and Electrothermal Atomic-Absorption
Sl =trometry. ANALYTICA CHIMICA ACTA; 1987; 193(FEB): 147-156.
Note: Article.

Arai, K.; Iino, M.; Shio, H.; Uyesaka, N. Further Investigations of Red-Cell Deformability with Nickel
Mesh. BIORHEOLOGY; 1990; 27(1): 4745.
Note: Article..

Arrouijal, F.Z.; Hildebrand, H.F.; Vophi, H.; Marzin, D. Genotoxic Activity of Nickel Subsulphide
Alpha-Ni3S2. MUTAGENESIS; 1990; 5(6): 583-589.
Note: Article.

Artamonova, E.V.; Levit, M.L.; Tsvetkov, I.V.; Gamburg, Y.D.; Davydov, A.D. Properties of Nickel
Obtained by High-Speed Electrochemical Deposition. SOVIET ELECTROCHEMISTRY; 1989; 25(3):
279-283.



Note: Article.

Arvanitoyannis, I. The effect of storage of canned vegetables on concentration of the metals Fe, Cu, Zn,
Pb, Sn, Al, Cd and Ni. DIE NAHRUNG FOOD; 1990; 34(3): 247-255.

Asaki, Z.; Abe, H.; Kondo, Y.; Murata, K. Oxidation of Molten Nickel and Cobalt Sulfides.
TIU,NSACTIONS OF THE JAPAN INSTITIUTE OF METALS; 1988; 29(1): 6048.
Note: Article.

As~hm~nn, S.G.; Zasoski, R3. Nickel and Rubidium Uptake by Whole Oat Plants in Solution Culture.
PHYSIOLOGIA PLANTARUM; 1987; 71(2): 191-196.
Note: Article.

Asthana, R.K.; Pandey, P.K.; Singh, S.P. Nickel Regulation of Photoautotrophy in a Cyanobacterium.
WA'IER AIR AND SOIL POLLUTION; 1990; 52(3&): 263-276.
Note: Article.

Athar, M.; Hasan, S.K.; Srivastava, R.C. Nickel Induced Hepatic Lipid-Peroxidation - Mechanistic
Study. FEDERATION PROCEEDINGS; 1987; 46(3): 556-556.
Note: Meeting-Abstract.

Athar, M.; Hasan, S.K.; Srivastava, R.C. Role of Glutathione Metabolizing Enzymes in Nickel Mediated
Induction of Hepatic Glutathione. RESEARCH COMMUNICATIONS IN CHEMICAL PATHOLOGY
AND PHARMACOLOGY; 1987; 57(3): 421&24.
Note: Article.

Athar, M.; Misra, M.; Srivastava, R.C. Evaluation of Chelating Drugs on the Toxicity, Excretion, and
Distribution ofNickel in Poisoned Rats. FUNDAMENTAL AND APP& -~D TOXICOLOGY; 1987; 9(1):
26-33.
Note: Article.

Aubert, M. Mediators of microbiological origin and eutrophication phenomena. MARINE POLLUTION
BULLETIN; 1990; 21(1): 24-29.

Babayan, G.H. Regularities in distribution and migration forms of heavy metals in Lake Seven and its
tributaries. PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON RESERVOIR
LIMNOLOGY AND WATER QUALITY. 2. CHEMICAL LIMNOLOGY, PRIMARY PRODUCTION,
PLANKTON, BENTHOS AND FISH INTERACTIONS; 1989: 345-346.

Babich, H.; Borenfreund, E.; Shopsis, C. Cadmium-Nickel Toxicity Interactions Towards a Bacterium,
Filamentous Fungi, and a Cultured Mammalian-Cell Line. BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1986; 37(4): 550-557.
Note: Article.

Babich, H.; Borenfreund, E.; Shopsis, C. Invitro Cyto-Toxicity Testing of Aquatic Pollutants (Cadmium,
Copper, Zinc, Nickel) Using Established Fish Cell-Lines. ECOTOXICOLOGY AND
ENVIRONMENTAL SAt ei Y; 1986; ll(1): 91-99.
Note: Article.



Bache, C.A.; Adams, J.D.; Doss, G.J.; Ho~&&&, D.; Lisk, D3. Cadmium and Nickel in Mainstream
Particulates of Cigarettes Con&»~»g Tobacco Grown on a Low&admium Soil-Sludge Mixture.
JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH; 19&5; 16(3%): 547-552.
Note: Article.

Baeyens, W.; Dedeurwaerder, H. Particulate Trace-Metals Above the Southern Bight of the North-Sea
.1. Analytical Procedures and Average Aerosol Concentrations. ATMOSPHERIC ENVIRONMENT
PART ANENERAL TOPICS; 1991; 25(2): 293-304.
Note: Article.

Baffi, F.; Soggia, F.; Frache, R.; Cardinale, A. Distribution of Heavy-Metals in the Water and in
Suspended Particulate Matter in the Ross Sea (Antarctica). ANNALI DI CHIMICA; 1989; 79(11-1):
607416.

Bagatto, G.; Alikhan, M.A. Copper, Cadmium, and Nickel Accumulation in Crayfish Populations Near
Copper Nickel Smelters at Sudbury, Ontario, Canada. BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1987; 38(3): 540-545.
Note: Article.

Bagatto, G.; Alikhan, M.A. Zinc, Iron, Manganese, and Magnesium Accumulation in Crayfish
Populations Near Copper Nickel Smelters at Sudbury, Ontario, Canada. BULLETIN OF
ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1987; 38(6): 1076-1081.
Note: Article.

Bailey, F.; Malinski, T.; Kiechle, F. Carbon-Fiber Ultramicroelectrodes Modified with Conductive
Polymeric Tetrakis(3-Methoxy&Hydroxyphenyl)Porphyrin for Determination of Nickel in Single
Biological Cells. ANALYTICAL CHEMISTRY; 1991; 63(4): 395-398.
Note: Note.

Bakhtar, D.; Lund, L.J.; Bradford, G.R. Dissolution of Soils and Geological-Materials for Simultaneous
Elemental Analysis by Inductively Coupled Plasma Optical-Emission Spectrometry and
Atomic-Absorption Spectrometry. ANALYST; 1989; 114(8): 901-909.

Bale, R.A. Incos Pressure Carbonyl Refining of Nickel. CIM BULLETIN; 1986; 79(890): 91-91.
Note: Meeting-Abstract.

Bale, R.A.; Chapman, E.T.; Martin, B.; Wiseman, L.G. Incos Copper Cliff Nickel Refinery. JOURNAL
OF METALS; 1987; 39(10): A52-A52.
Note: Meeting-Abstract.

Ballesteros, L.; Perezbendito, D. Simultaneous Determination of Nickel and Copper, on the Basis of
Complex-Formation Kinetics. MIKROCHIMICA ACTA; 1986; 1(1-2): 123-134.
Note: Article.

Balls, P.W. Trend monitoring of dissolved trace metals in coastal sea water — a waste of ef'fort?
MARINE POLLUTION BULLETIN; 1989; 20(11): 549-555.

Banasova, V. Contribution to the biology and ecology of Salsola-Kali Subsp Ruthenica Itjin Soo, growing



on the nickel smelter ~astes. EXOLOGIA CSSR; 1990; 9(4): 345-353.

Banica, F.G.; Diacu, E. Catalytic Effects in the Electrochemical Reactions Involving Nickel and Cysteine- Voltammetric Studies. COLLECTION OF CZECHOSLOVAK CHEMICAL COMMUNICATIONS;1991; 56(1): 140-151.
Note: Article.

Bamiarmartin, B.R.; Rycroft, RJ.G. Nickel Dermatitis from a Powder Paint. CONTACT DEIMATITIS;1990; 22(1): 50-50.
Note: Note.

Bara, M.; Guietbara, A.; Durlach, J.; Collery, P. Modification of the H~~~n Transamniotic IonicTransfer After Addition of Anticancer Metals. JOURNAL OF TRACE ELEMENTS ANDELECTROLYTES IN HEALTH AND DISEASE; 1990; 4(4): 203-207.
Note: Article.

Baranowskadutkiewicz, B.; Dutkiewicz, T. Evaluation of Simultaneous Industrial and EnvironmentalExposure to Metals. SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 101(1-2): 149-151.Note: Article.

Barba-Behrens, N.; Bautista, J.L.; Ruiz, M.E.; Joseph-Nathan, P.; Flores-Parra, A.; Contreras, R.Coordination Compounds Derived from the Interaction of Streptomyucin and Cobalt, Nickel, Copper,and Calcium Salts Characterized by 13C NMR and Spectroscopic Studies. Structure and BondingProperties of the Streptidine Fraction. JOURNAL OF INORGANIC CHEMISTRY; 1990; 40(3):201-215.

Barbooti, M.M.; Abdulridha, S.M.; Said, E.Z.; Hassan, E.B. Separation and SpectrophotometricInvestigations of the Distribution of Nickel and Vanadium in Heavy Crude Oils. FUEL; 1989; 68(1):84-87.
Note: Article.

Barnes, S3. A New Interpretation of the Katiniq Nickel Deposit, Ungava, Northern Quebec.ECONOMIC GEOLOGY AND THE BULLETIN OF THE SOCIETY OF ECONOMIC GEOLOGISTS;1990; &5(6): 1269-1272.
Note: Note.

Barnes, S3.; Gole, M.J.; Hill, R.E.T. The Agnew Nickel Deposit, Western Australia .1. Structure andStratigraphy. ECONOMIC GEOLOGY; 1988; 83(3): 524-536.
Note: Article.

Barnes, S3.; Hill, R.E.T.; Gole, M.J. The Agnew Nickel Deposit, Western Australia .2. SulfideGeochemistry, with Emphasis on the Platinum-Group Elements. ECONOMIC GEOLOGY; 1988; 83(3):537-550.
Note: Article.

Barnett, B., Forbes, S.; Ashcroft, C. Heavy metals on the south bank of the Humber Estuary. MARINEPOLLUTION BULLETIN; 1989; 20(1): 17-21.



Barnett, N.W. Determination ofLead and Nickel in Akim~& Bone by Microwave-Induced Plasma Atomic
Emission-Spectrometry with Sample Introduction by Electrothermal Vaporization. ANALYTICA
CHIMICA ACTA; 1987; 198(JUL): 309-314.
Note: Note.

Barraquio, W.L.; Knowles, R. Beneficial-EfFects of Nickel on Pseudomonas-Saccharophila Under
¹trogen-Limited Chemolithotrophic Conditions. APPLIED AND ENVIRONMENTAL
MCROBIOLOGY; 1989; 55(12): 3197-3201.
Note: Article.

Barrow, N.J.; Brummer, G.W.; Gerth, J. Reaction-Kinetics of the Adsorption and Desorption of Nickel,
Zinc and Cadmium by Goethite .2. Modeling the Extent and Rate of Reaction. JOURNAL OF SOIL
SCIENCE; 1989; 40(2): 437%50.
Note: Article.

Barton, R.G.; Clark, W.D.; Seeker, W.R. Fate of Metals in Waste Combustion Systems. COMBUSTION
SCIENCE AND TECHNOLOGY; 1990; 74(14): 327-342.
Note: Article.

Barwise, A.J.G. Role of Nickel and Vanadium in Petroleum Classification. ENERGY 8c FUELS; 1990;
4(6): 647452.
Note: Article.

Bast, E. Nickel Requirement for the Formation of Active Urease in Purple Sulfur Bacteria
(Chromatiaceae). ARCHIVES OF MICROBIOLOGY; 1988; 150(1): 6-10.
Note: Article.

Basta, N. Recycling Everything .2. Metals Recyclers Warily Eye New Sources. CHEMICAL
ENGINEERING; 1990; 97(12): 29-.
Note: Article.

Basta, N.T.; Tabatabai, M.A. Determination ofTotal Metals in Sewage Sludges by Ion Chromatography.
JOURNAL OF ENVIRONMENTAL QUALITY; 1991; 20(1): 79-88.
Note: Article.

Bastian, N.R.; Diekert, G.; Ormejohnson, W.H.; Niederhoffer, E.C.; Walsh, C.T.; Teo, B.K. Nickel
and Iron EXAFS of Carbon-Monoxide Dehydrogenase Rom Clostridium-Thermoaceticum Strain DSM.
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1988; 110(16): 5581-5582.
Note: Note.

Baston, V.F.; Levin, S.; Karuhn, R.; Wiseman, L.G. Particle Penetration Through Sampling Prefilters
Illustrates the Analysis Error in NIOSH-Type Procedures for Nickel Carbonyl. AMERICAN
INDUSTRIAL HYGIENE ASSOCIATION JOURNAL; 1989; 50(9): A665-A668.
Note: Editorial.

Batianoff, G.N.; Reeves, R.D.; Specht, R.L. Stackhousia-Tryonii Bailey - A Nickel-Accumulating
Serpentinite-Endemic Species of Central Queensland. AUSTRALIAN JOURNAL OF BOTANY; 1990;
38(2): 121-130.



Note: Article.

Baudet, C.; Patel, G.B.; Sprott, G.D. Adsorption and Uptake of Nickel in Methanothrix-Concilii.
ARCHIVES OF MICROBIOLOGY; 1988; 150(4): 338-342.
Note: Article.

Baudo, R. Spatial distribution patterns of metals in the surface sediments ofLake Orta (Italy). SCIENCE
OF THE TOTAL ENVIRONMENT; 1989; 87/88: 117-128.

Bauschlicher, C.W.; Siegbahn, P.; Pettersson, L.G.M. The Atomic States of Nickel. THEORETICA
CHIMICA ACTA; 1988; 74(6): 479%91.
Note: Article.

Bazhenova, L.N.; Alesenko, L.P.; Pashkevich, K.I.; Kirichenko, V.E. Extraction-Gas-Chromatographic
Determi»&ion of Nickel in Aqueous-Solutions. JOURNAL OF ANALYTICAL CHEMISTRY OF THE
USSR; 1987; 42(12): 1755-1758.
Note: Article.

Beard, J. Did Nickel Poisoning Finish OK the Dinosaurs. NEW SCIENTIST; 1990; 126(1717): 31-31.
Note: Editorial.

Beauchemin, D. The ICP-MS Approach to Environmental Studies. MIKROCHIMICA ACTA; 1989;
3(3W): 273-281.
Note: Natl Res Council Canada, Div Chem, Analyt Chem Sect, Ottawa K1A OR9, Ontario, Canada.

Beauchemin, D.; Berman, S.S. Determination of Trace-Metals in Reference Water Standards byInductively Couped Plasma Mass-Spectrometry with Online Preconcentration. ANALYTICAL
CHEMISTRY; 1989; 61(17): 1857-1862.

Beck, J.N.; Ramelow, G.J. Use of lichen biomass to monitor dissolved metals in natural waters.
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 44(2): 303-308.

Becker, S.; Fort, Y.; Caubere, P. New Desulfurizations by Nickel-Conm»~ng Complex Reducing Agents.
JOURNAL OF ORGANIC CHEMISTRY; 1990; 55(25): 61944198.
Note: Article.

Beg, M.N.; Arshad, M. Use of Nickel Phosphate Membrane As an Ion Sensor with Special Reference
to Phosphate Ion. INDIAN JOURNAL OF CHEMISTRY SECTION A-INORGANIC PHYSICAL
THEORETICAL k ANALYTICAL; 1988; 27(5): 460-462.
Note: Note.

Behari, J.R. Use of Liposome Entrapped Triethylenetetramine (Teta) in the Treatment of Mice Loaded
with Nickel Chloride. INDUSTRIAL HEALTH; 1987; 25(4): 221-224.
Note: Letter.

Bein, T.; Woolery, G.; Stucky, G.D., Corbin, D.R., Farlee, R.D., Moiler, K., Mclain, S3.; Sayers,D. Intrazeolite Chemistry of Nickel(0) Complexes and Ni(0,11) Clusters Studied by EXAFS, Solid-State
NMR, and FT IR. JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1988; 110(6): 1801-1810.

10



Bencko, V.; Wagner, V.; Wagnerova, M.; Zavazal, V. Human Exposure to Nickel and Cobalt-
Biological Monitoring and lmmunobiochemical Response. ENVIRONMENTAL RESEARCH; 1986;
40(2): 399-410.
Note: Article.

Bengtsson, G.; Tranvlk, L. Critical metal concentrations for forest soil invertebrates. WATER, AIR,
AND SOIL POLLUTION; 1989: 381%17.

Benson, J.M.; Carpenter, R.L.; Dunnick, J.K.; Hahn, F.F.; Haley, P3.; Hanson, R.L.; Hobbs, C.H.;
Pickrell, J.A. Comparative Inhalation Toxicity of Nickel Subsulfide to F344/N Rats and B6C3F1 Mice
Exposed for 12 Days. FUNDAMENTAL AND APP&-~O TOXICOLOGY; 1987; 9(2): 251-265.
Note: Article.

Benson, J.M.; Cheng, Y.S.; Burt, D.G.; Hahn, F.F.; Haley, P3.; Hobbs, C.H.; Henderson, R.F.;
Dunnick, J.K.; Pickrell, J.A. Biochemical Responses of Rat and Mouse Lung to Inhaled Nickel
Compounds. TOXICOLOGY; 1989; 57(3): 255-266.
Note: Article.

Benson, J.M.; Eidson, A.F.; Hanson, R.L.; Henderson, R.F.; Hobbs, C.H. A Rapid Digestion Method
for Analysis of Nickel Compounds in Tissue by Electrothermal Atomic-Absorption Spectrometry.
JOURNAL OF APPLIED TOXICOLOGY; 1989; 9(4): 219-222.
Note: Article.

Benson, J.M.; Hanson, R.L.; Henderson, R.F.; Mcclellan, R.O.; Rebar, A.H. Comparative Acute
Toxicity of4 Nickel Compounds to F344 Rat Lung. FUNDAMENTAL AND APPLIED TOXICOLOGY;
1986; 7(2): 340-347.
Note: Article.

Benson, J.M.; Henderson, R.F.; Mcclellan, R.O. Comparative Cyto-Toxicity of 4 Nickel Compounds
to Canine and Rodent Alveolar Macrophages Invitro. JOURNAL OF TOXICOLOGY AND
ENVIRONMENTAL HEALTH; 1986; 19(1): 105-110.
Note: Article.

Benson, J.M.; Henderson, R.F.; Pickrell, J.A. Comparative Invitro Cyto-Toxicity of Nickel Oxides and
Nickel Copper Oxides to Rat, Mouse, and Dog Pulmonary-Alveolar Macrophages. JOURNAL OF
TOXICOLOGY AND ENVIRONMENTAL HEAL'M; 1988; 24(3): 373-3&3.
Note: Article.

Benson, J.M.; Pickrell, J.A.; Hanson, R.L.; Hahn, F.F.; Haley, P3.; Hobbs, C.H.; Carpenter, R.L.;
Burt, D.G.; Eidson, A.F.; Dunnick, J.K. Comparative Inhalation Toxicity of Nickel Sulfate to F344/N
Rats and B6C3F1 Mice Exposed for 12 Days. FUNDAMENTAL AND APPLIED TOXICOLOGY;
198&; 10(1): 164-17&.
Note: Article.

Bergkvist, B., Folkeson, L.; Berggren, D. Fluxes of Cu, Zn, Pb, Cd, Cr, and Ni in temperate forest
ecosystems. WATER, AIR, AND SOIL POLLUTION; 1989; 47: 217-286.

Berkessel, A. Methyl-Coenzyme-M Reductase - Model Studies on Pentadentate Nickel-Complexes and

11



a Hypothetical Mechanism. BIOORGANIC CHEMISTRY; 1991; 19(1): 101-115.Note: Article.

Bernard, P.C.; Brugmann, L.; Vangrieken, R.E. Geochemistry ofSuspended Matter &om the Baltic Sea.1. Results of Individual Particle Characterization by Automated Electron-Microprobe. MARINECHEMISTRY; 1989; 26(2): 155-177.

Beron, W.; Bertini, F. EfFect of Nickel Ion on Tubulin of Rat-Brain. ARCHIVOS DE BIOLOGIA YMEDICINA EXPERIMENTALES; 1988; 21(2): R280-R280.Note: Meeting-Abstract.

Berrow, M.L.; Reaves, G.A. Total Chromium and ¹ickel Contents of Scottish Soils. GEODERMA;1986; 37(1): 15-27.
Note: Article.

Berry, W.L.; Wallace, A. Interaction of the Yield Response-Surface of Lettuce with High and ToxicConcentrations of Zinc and Nickel. SOIL SCIENCE; 1989; 147(6): 398~.Note: Article.

Bettinelli, M.; Baroni, U. Determination of major and trace elements in copper plant fly ash by ICPEmission Spectrometry. ATOMIC SPECTROSCOPY; 1988; 9(5): 157-165.
Betts, F.; Yau, A. Graphite-Furnace Atomic-Absorption Spectrometric Determination of Chromium,Nickel, Cobalt, Molybdenum, and Manganese in Tissues Containing Particles of a Cobalt Chrome Alloy.ANALYTICAL CHEMISTRY; 1989; 61(11): 1235-1238.Note: Article.

Bhattacharya, D.N.; Ghosh, R.; Pal, S.C.; Sen, S.K. Accumulation ofHeavy-Metals by Oscillatoria Sp.ACTA BIOTECHNOLOGICA; 1990; 10(5): 469&71.Note: Note.

Bhattacharya, S.K.; Safferman, A.G. Determination of Bioavailable Nickel Concentrations in InhibitedMethanogenic Systems. ENVIRONMENTAL TECHNOLOGY Lt:lahRS; 1989; 10(8): 725-730.Note: Article.

Bible, K.C.; Buytendorp, M.; Zierath, P.D.; Rinehart, K.L. Tunichlorin - A Nickel Chlorin Isolatedfrom the Caribbean Tunicate Trididemnum-Solidum. PROCEEDINGS OF THE NATIONAL ACADEMYOF SCIENCES OF THE UNITED STATES OF AMERICA; 1988; 85(13): 4582&586.Note: Article.

Bidwell, J.P.; Stuehr, J.E. Kinetic and Thermodynamic Study of the Interactions of Nickel(II) withNicotinamide Adenine-Dinlucleotide and Nicotinamide Adenine-Dinucleotide Phosphate. INORGANICCHEMISTRY; 1990; 29(6): 1143-1147.

Bieger, W.; Piekarczyk, W.; Krabbes, G.; Stover, G.; Hai, N.V. On the Chemical Vapor Transport ofNickel Titanate with Selenium Tetrachloride. CRYSTAL RESEARCH AND TECHNOLOGY; 1990;25(4): 375-384.
Note: Article.

12



Biggart, N.W.; Costa, M. Assessment of the Uptake and Mutagenicity of Nickel Chloride in Salmonella

Tester Strains. MUTATION RESEARCH; 1986; 175(4): 209-215.

Note: Article.

Biggart, N.W.; Gallick, G.E.; Murphy, E.C. Nickel-Induced Heritable Alterations in Retroviral

Transforming Gene-Expression. JOURNAL OF VIROLOGY; 1987; 61(8): 2378-2388.

Note: Article.

Birk, J.P.; Ronan, M.; Bennett, I.; Kinney, C. Reactivity of Nickel. JOURNAL OF CHEMICAL

EDUCATION; 1991; 68(l): 48-54.
Note: Article.

Bisessar, S. Effects of Lime on Nickel Uptake and Toxicity in Celery Grown on Muck Soil Contaminated

by a Nickel Refinery. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 84(AUG): 83-90.

Note: Article.

Bjurholm, A.; Altawil, N.A.; Marcusson, J.A.; Netz, P. The Lymphocyte-Response to Nickel Salt in

Patients with Orthopedic Implants. ACTA ORTHOPAEDICA SCANDINAVICA; 1990; 61(3): 248-250.

Note: Article.

Bjurholm, A.; Marcusson, J.; Netz, P. Nickel Hypersensitivity and Metal Implants. ACTA

ORTHOPAEDICA SCANDINAVICA; 1986; 57(3): 269-269.

Note: Meeting-Abstract.

Blackburn, K.; Highsmith, R.F. Nickel inhibits endothelin-induced contractions of vascular smooth

muscle. AMERICAN JOURNAL OF PHYSIOLOGY; 1990; 258(JUN (6)): C1025-C1030.

Blakley, B.R. Alterations in Urethan-Induced Adenoma Formation in Mice Exposed to Selenium and

Nickel. JOURNAL OF APPLIED TOXICOLOGY; 1987; 7(6): 387-390.

Note: Article.

Blanco, M.; Coello, J.; Gonzalez, F.; Iturriaga, H.; Maspoch, S. Simultaneous Determination of

Metal-Ions - Spectrophotometric Determination of Binary, Ternary and Quaternary Mixtures of

Aluminum, Iron, Copper, Titanium and Nickel by Extraction with 8-Hydroxyquinoline. ANALYTICA

CHIMICA ACTA; 1989; 226(2): 271-279.
Note: Article.

Bleiwas, D.I.; Kirk, W. Nickel and Cobalt in the Market-Economy Countries - The Year in Review and

Projections for 1988. JOURNAL OF METALS; 1987; 39(10): AS-AS.

Note: Meeting-Abstract.

Blincoe, C.; Stoddardgilbert, K.; Theisen, M.O. Sample Oxidation Procedures for the Determination of

Chromium and Nickel in Biological-Material. COMMUNICATIONS IN SOIL SCIENCE AND PLANT

ANALYSIS; 1987; 18(6): 687497.
Note: Article.

Blomberg, M.; Brandemark, U.; Wennerberg, J.; Siegbahn, P.; Johansson, J. The Vibrational

Frequencies, the Dissociation-Energy, and the Electron-Affinity of Nickel Carbonyl. JOURNAL OF

13



CHEMICAL PHYSICS; 1988; 88(7): 4324-4333.
Note: Article.

Blomberg, M.R.A.; Siegbahn, P.E.M.; Nagashima, U.; Wennerberg, J. Theoretical-Study of the
Activation of Alkane C-H and CZ Bonds by Different Transition-Metals. JOURNAL OF THE
AMERICAN CHEMICAL SOCIEIY; 1991; 113(2): 424433.
Note: Article.

I Fg~gl & IBocharov, V.L.; Grinenko, L.N.; Levin, V.N.; Plaksenko, A.N. Mineralogic&eochemical Criteria of
Searching of Nickel Sulfide Ores in Norite-Diorite Intrusions, Voronezh Crystalline Massif.
GEOKHIMIYA; 1988; (8): 1159-1167.
Note: Article.

Bohgard, M.; Akselsson, K.R.; Welinder, H. Aerosols from Thermal Spraying Operations with Materials
Containing Chromium and Nickel. JOURNAL OF AEROSOL SCIENCE; 1988; 19(7): 1441-1444.
Note: Article.

Bohmer, B.M. Leaching ofCadmium and Nickel Rom Plant-Efficacious Layer ofUncontaminated Arable
Soils. ARCHIV FUR ACKER UND PFLANZENBAU UND BODENKUNDE-ARCHIVES OF
AGRONOMY AND SOIL SCIENCE; 1989; 33(8): 475%82.
Note: Article.

Bokhinyuk, V.S.; Fradkin, A.M.; Kritski, S.L. Dete~i»&on of the Al, Ti, V, Cu, Mn, Mo, and
W-Content of Nickel-Base Alloys by Neutron-Activation Analysis. INDUSTRIAL
LABORATORY-USSR; 1986; 52(4): 306-309.
Note: Article.

Bonam, D.; Ludden, P.W.; Mckenna, M.C.; Stephens, P.J. Nickel-Deficient Carbon-Monoxide
Dehydrogenase &om Rhodospirillum-Rubrum - Invivo and Invitro Activation by Exogenous Nickel.
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES OF
AMERICA; 1988; 85(1): 31-35.
Note: Article.

Bonam, D.; Ludden, P.W. Purification and Characterization of Carbon-Monoxide Dehydrogenase, a
Nickel, Zinc, Iron-Sulfur Protein, Rom Rhodospirillum-Rubrum. JOURNAL OF BIOLOGICAL
CHEMISTRY; 1987; 262(7): 2980-2987.
Note: Article.

Bond, A.M.; Luscombe, D.L. The Influence of Ultra-Violet Irradiation on the Determination of Nickel
and Cobalt in Natural-Waters by Adsorption Vol~~~etry. JOURNAL OF ELECTROANALYTICAL
CHEMISTRY AND IVIZRFACIAL ELECTROCHEMISTRY; 1986; 214(1-2): 21-29.
Note: Article.

Bonde, I.; Beck, H.I.; Jorgensen, PJ.; Grandjean, P.; Brandrup, F. Nickel in Intercellular Fluid-
Comparison Between Nickel-Allergic Patients and Controls. ACTA DERMATO-VENEREOLOGICA;
1990; 70(4): 300-303.
Note: Article.

14



Boomer, D.W.; Powell, M.J.; Hipfner, J. Characterization and Op(i~i»&ion of Hpic for Online
Preconcentration of Trace-Metals with Detection by ICP Mass-Spectrometry. TALANTA; 1990; 37(1):
127-134.
Note: Article.

Bordons, A.; Joke, J. Extracellular Adsorption of Nickel by a Strain of Pseudomonas Sp. ENZYME
AND MICROBIAL TECHNOLOGY; 1987; 9(12): 709-713.
Note: Article.

Bordons, A.; Joke, J. Nickel Accumulation by Bacteria. ENVIRONMENTAL TECHNOLOGY
Le t teRS; 1987; 8(10): 495-500.
Note: Article.

Borella, P.; Manni, S.; Giardino, A. Cadmium, nickel, chromium and lead accumulated in human
lymphocytes and interferrence with PHA-induced proliferation. JOURNAL OF TRACE ELEMENTS
AND ELECTROLYTES IN HEALTH AND DISEASE; 1990; 4(2): 87-97.

Borg, H.; Johansson, K. Metal fluxes to Swedish forest lakes. WATER, AIR AND SOIL POLLUTION;
1989; 47: 427-440.

Borg, K.; Tjalve, H. Effect of hiram and Dithiocarbamate Pesticides on the Gastrointestinal Absorption
and Distribution of Nickel in Mice. TOXICOLOGY Lt:t taRS; 1988; 42(1): 87-98.
Note: Article.

Borgan, O. Regression-Models for Life-History Data Illustrated by a Study of Nickel Allergy and Hand
Eczema. BIOMETRICS; 1985; 41(4): 1095-1095.
Note: Meeting-Abstract.

Boyle, R.W.; Robinson, H.A. Nickel in the Natural-Environment. METAL IONS IN BIOLOGICAL
SYSTEMS; 1988; 23: 1-29.
Note: Review.

Bozec, C. Speciation and Carcinogenic Classification - Some Limits of Assessment and Prevention
Procedures - We Case of Nickel. TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1989;
23(1-4): 169-180.
Note: Article.

Bradley, S.B.; Cox, J.J. The Potential Availability of Cadmium, Copper, Iron, Lead, Manganese, Nickel
and Zinc in Standard River Sediment (NBS-1645). ENVIRONMENTAL TECHNOLOGY LEt laRS;
1988; 9(7): 733-739.
Note: Article.

Braune, B.M.; Norstrom, R.J.; Wong, M.P.; Collins, B.T.; Lee, J. Geographical-Distribution of Metals
in Livers of Polar Bears from the Northwest-Territories, Canada. SCIENCE OF THE TOTAL
ENVIRONMENT; 1991; 100(MAR): 283-299.
Note: Article.

Brenner, T.L.; Teixeira, N.A.; Oliveira, J.A.L.; Franke, N.D.; Thompson, J.F.H. Me Otoole Nickel

15



Deposit, Doferro,Morro Greenstone-Belt, Brazil. ECONOMIC GEOLOGY AND THE BULLETIN OFTHE SOCIETY OF ECONOMIC GEOLOGISTS; 1990; 85(5): 904-920.
Note: Article.

Brezina, F.; Kamenicek, J.; Lasovsky, J.; Sindelar, Z. The Coordination-Compounds of Nickel withGlycine and with an N-N Ligand. COLLECTION OF CZECHOSLOVAK CHEMICALCOMMUNICATIONS; 1988; 53(3): 563-570.
Note: Article.

Brezonik, P.L., Mach, C.E., Downing, G., Richardson, N.; Brigham, M. Effects of acidification onminor and trace metal chemistry in Little Rock Lake, Wisconsin. ENVIRONMENTAL TOXICOLOGYAND CHEMISTRY; 1990; 9(7): 871-885.

Bridle, T.R.; Hammerton, I.; Hertle, C.K. Control of Heavy-Metals and Organochlorines Using the Oilfrom Sludge Process. WATER SCIENCE AND TECHNOLOGY; 1990; 22(12): 249-258.Note: Article.

Brito, G., Diaz, C., Galindo, L, Hardisson, A., Santiago, D.; Montelongo, F.G. Levels of Metals inCanned Meat Products: Intermetallic Correlations. BULLETIN OF ENVIRONMENTALCONTAMINATION AND TOXICOLOGY; 1990; 44: 309-316.

Bro, S.; Christensen, J.M.; Horder, M.; Jorgensen, P.J. Concentration of Nickel and Chromium inSerum - Influence of Blood-Sampling Technique. JOURNAL OF TRACE ELEMENTS ANDELECTROLYTES IN HEALTH AND DISEASE; 1988; 2(1): 31-35.
Note: Article.

Broder, I.; Corey, P.; Smith, J.W.; Holness, L. Health-Status and Sulfur-Dioxide Exposure of NickelSmelter Workers and Civic Laborers. JOURNAL OF OCCUPATIONAL MEDICINE; 1989; 31(4):347-353.
Note: Article.

Brooks, J.M.; Giammona, C.P. Mississippi-Alabama marine ecosystem study. Annual report: Year 2.Volume 3. Appendices; 1990: OSC/MMS-89/0096; ISSN: PB90-209768/GAR.Note: 448 pp.

Brown, J.; Montford, B. Nickel-Based Alloys in the Power Industry. CIM BULLETIN; 1986; 79(890):84-84.
Note: Meeting-Abstract.

Brown, M.A.; Kim, I.S.; Roehl, R., Sasinos, F.I., and Stephens, R.D. Analysis ofTarget and NontargetPollutants in Aqueous Leachates from the Hazardous-Waste Site Stringfellow, California, via IonChromatography - Particle Beam and Inductively Coupled Plasma. CHEMOSPHERE; 1989; 19(12):1921-1927.
Note: OBTAIN ADDRESS.

Brown, P.H.; Cary, E.E.; Checkai, R.T.; Welch, R.M. Beneficial-Effects of Nickel on Plant-Growth.JOURNAL OF PLANT NUTRITION; 1987; 10(9-16): 2125-2135.Note: Article.

16



Brown, P.H.; Cary, E.E.; Welch, R.M. Nickel - A Micronutrient Essential for Higher-Plants. PLANT

PHYSIOLOGY; 1987; &5(3): 801-803.
Note: Article.

Brown, P.H.; Marschner, H.; Schulz, R.; Dunemann, L. Influence of Redox Potential and Plant-Species
on the Uptake of Nickel and Cadmium from Soils. ZEITSCHRIFT FUR PFLANZENERNAHRUNG
UND BODENKUNDE; 1989; 152(2): 85-91.
Note: Article.

Brown, P.H.; Welch, R.M.; Madison, J.T. Effect of nickel deficiency on soluble anion, amino acid, and

nitrogen levels in barley. PLANT AND SOIL; 1990; 125(1): 19-29.

Bruemmer, G.W.; Gerth, J.; Tiller, K.G. Reaction-Kinetics of the Adsorption and Desorption of Nickel,
Zinc and Cadmium by Goethite.l. Adsorption and Diffusion of Metals. JOURNAL OF SOIL SCIENCE;
1988; 39(1): 37-52.
Note: Article.

Brugman, C.F.; Kerfoot, D.G.E. Treatment of Nickel Copper Matte at Wester Platinum by the Sherritt
Acid Leach Process. CIM BULLETIN; 1986; 79(890): 87-87.
Note: Meeting-Abstract.

Brugmann, G.E.; Naldrett, A.J.; Macdonald, A.J. Magma Mixing and Constitutional Zone-Refining in

the Lac-Des-Iles Complex, Ontario - Genesis of Platinum&roup Element Mineralization. ECONOMIC
GEOLOGY; 1989; 34(6): 1557-1573.

Bruni, C. Abnormal Cytodifferentiation in Leiomyosarcomas Induced with Injection of Nickel Subsulfide
into Skeletal-Muscles of Rats - Light and Electron-Microscopic Observations. ANNALS OF CLINICAL
AND LABORATORY SCIENCE; 1986; 16(2): 118-129.
Note: Article.

Bruze, M. Patch Testing with Nickel Sulfate Under Occlusion for 5 Hours. ACTA
DERMATO-VENEREOLOGICA; 1988; 68(4): 361-364.
Note: Note.

Bryson, M.F.; Drake, H.L. Energy-Dependent Transport of Nickel by Clostridium-Pasteurianum.
JOURNAL OF BACTERIOLOGY; 1988; 170(1): 234-238.
Note: Article.

Bryukvin, V.A.; Pavlyuchenko, N.M.; Blagoveshchenskaya, N.V. Interactions Between Rhodium,
Nickel, and Copper Sulfides and Alloys Thereof. RUSSIAN METALLURGY-USSR; 1989; (3): 35-40.
Note: Article.

Bubb, J.M.; Lester, J.N. The Impact of Heavy-Metals on Lowland Rivers and the Implications for Man
and the Environment. SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 100(MAR): 207-233.
Note: Review.

17



Bumber, A.A.; Ignatenko, E.L. Polarographic-Deter»»~&ion ofNickel in Alloyed Steels. INDUSTIUAL
LABORATORY-USSR; 1986; 52(4): 300-300.
Note: Article.

Burrows, D. Mischievous Metals - Chromate, Cobalt, Nickel and Mercury. CLINICAL ANDEXPERIMENTAL DERMATOLOGY; 1989; 14(4): 266-272.
Note: Article.

Burrows, D.; Beck, M.; Eedy, D.J.; Kellett, J.; Mcmaster, D.; Merrett, D.; Rogers, S. Treatment ofNickel Dermatitis with Trientine. CONTACT DERMA'ITIIS; 1986; 15(2): 55-57.
Note: Article.

Burton, K.W.; Morgan, E.; Roig, A. Interactive Effects of Cadmium, Copper and Nickel on the Growthof Sitka Spruce and Studies of Metal Uptake from Nutrient Solutions. NEW PHYTOLOGIST; 1986;103(3): 549-557.
Note: Article.

Byeon, S.H.; Demazeau, G.; Choy, J.H.; Hagenmuller, P. Elaboration and Physical-Chemical Propertiesof Some Nickel (III) Oxides. COMPTES RENDUS DE L ACADEMIE DES SCIENCES SERIEII-MECANIQUE PHYSIQUE CHIMIE SCIENCES DE L UNIVERS SCIENCES DE LA TERRE; 1991;312(1): 37-42.
Note: Article.

Byrd, J.T., Lee, K.W., Lee, D.S., Smith, R.G, Windom, H.L. The behaviour of trace metals in theGeum Estuary, Korea. ESTUARIES; 1990; 13(1): 8-13.

Byrne, A.R.; Krasovec, I. Trace Determination of Nickel (and Cobalt) in Biological Reference Materialsby Radiochemical Neutron-Activation Analysis. FRESENIUS ZEITSCHRIFT FUR ANALYTISCHECHEMIE; 1988; 332(6): 666-668.
Note: Article.

Cabaniss, S.E. PH and Ionic-Strength Effects on Nickel Fulvic-Acid Dissociation Kinetics.ENVIRONMENTAL SCIENCE 4 TECHNOLOGY; 1990; 24(4): 583-588.
Note: Article.

Cadle, S.H.; Vandekopple, R.; Mulawa, P.A.; Dasch, J.M. Ambient Concentrations, Scavenging Ratios,and Source Regions of Acid Related-Compounds and Trace-Metals During Winter in Northern Michigan.ATMOSPHERIC ENVIRONMENT PART A-GENERAL TOPICS; 1990; 24(12): 2981-2989.Note: Article.

Cagatay, M.N. The Pancarli Nickel-Copper Sulfide Mineralization, Eastern Turkey. MINERALIUMDEPOSITA; 1987; 22(3): 163-171.
Note: Article.

Cai, D.C.; Han, L.; Jin, M.; Wu, S.; Xie, Z.Q.; Zheng, X.S. Cytogenetic Analysis in WorkersOccupationally Exposed to Nickel Carbonyl. MUTATION RESEARCH; 1987; 188(2): 149-152.Note: Article.

18



Cain, S.R.; Emmi, F.; Matienzo, L.J. Adhesion of Chromium, Nickel, and Copper to Polymers
Containing Basic Functional-Groups. JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1988;
135(8): C357-C357.
Note: Meeting-Abstract.

Cairns, R.D. Nickel Depletion and Pricing - Further Considerations. JOURNAL OF
ENVIRONMENTAL ECONOMICS AND MANAGEMENT; 1985; 12(4): 395-396.
Note: Note.

Calatayud, J.M.; Saez, R.M. Spectrophotometric Determination of Nickel and Palladium Based on
Metal(II) Nioxime Triton X-100 System. CHEMIA ANALITYCZNA; 1986; 31(1): 15-20.
Note: Article.

Cammack, R. Nickel in Metalloproteins. ADVANCES IN INORGANIC CHEMISTRY; 1988; 32:
297-333.
Note: Review.

Cammack, R.; Fernandez, V.M.; Schneider, K. Activation and Active-Sites of Nickel-Containing
Hydrogenases. BIOCHIMIE; 1986; 68(1): 85-91.
Note: Article.

Cammack, R.; Kovacs, K.L.; Bagyinka, C. Spectroscopic Characterization of the Nickel and Iron-Sulfur
Clusters of Hydrogenase from the Purple Photosynthetic Bacterium Thiocapsa-Roseopersicina .1.
Electron-Spin Resonance Spectroscopy. EUROPEAN JOURNAL OF BIOCHEMISTRY; 1989; 182(2):
357-362.
Note: Article.

Campbell, J.A.; Head, P.C.; Jones, P.D.; Riley, J.P.; Whitelaw, K. Contrasting Behavior of Dissolved
and Particulate Nickel and Zinc in a Polluted Estuary. SCIENCE OF THE TOTAL ENVIRONMENT;
1988; 71(2): 141-155.
Note: Article.

Campbell, P.M.; Smith, G.D. Transport and Accumulation of Nickel Ions in the Cyanobacterium
Anabaena-Cylindrica. ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS; 1986; 244(2): 470-477.
Note: Article.

Canovasdiaz, M.; Howell, J.A. Effect of Nickel on Methane Production and Butyric-Acid Utilization in
a Downflow Fixed-Film Reactor. BIOTECHNOLOGY Lu 1 j.RS; 1986; 8(4): 287-292.
Note: Article.

Capar, S.G. Determination of Copper, Iron, and Nickel in Oils and Fats by Direct Graphite-Furnace
Atomic-Absorption Spectrometry - Summary of Collaborative Study. JOURNAL OF THE
ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS; 1990; 73(2): 320-321.
Note: Note.

Capar, S.C. Metals and Other Elements. JOURNAL OF THE ASSOCIATION OF OFFICIAL
ANALYTICAL CHEMISTS; 1989; 72(1): 92-93.

19



Capar, S.G. Metals and Other Elements. JOURNAL OF THE ASSOCIATION OF OFFICIAL
ANALYTICAL CHEMISTS; 1991; 74(1): 149-150.
Note: Note.

Cartana, J.; Arola, L.; Romeu, A. Characterization of the Inhibition Effect Induced by Nickel on
Glucose%-Phosphate-Dehydrogenase and Glutathione-Reductase. ENZYME; 1989; 41(1): 1-5.
Note: Article.

Carten, R.B.; Tayeb, J.M. Formation of Volcanic-Exhalative ¹ckel-Sulfide Deposits At a Late
Proterozoic Spreading Ridge in the Proto-Arabian Shield. CANADIAN JOURNAL OF EARTH
SCIENCES; 1990; 27(6): 742-757.
Note: Article.

Carturan, G.; Cocco, G.; Enzo, S.; Lenarda, M.; Ganzerla, R. Hexagonal Close Packed Nickel Powder
- Synthesis, Structural Characterization and 'dermal-Behavior. MATERIALS Lt.i LES; 198&; 7(1-2):
47-50.
Note: Article.

Casey, C.E.; Neville, M.C. Studies in Human Lactation .3. Molybdenum and Nickel in Human-Milk
During the 1st Month of Lactation. AMERICAN JOURNAL OF CLINICAL NUTIUTION; 1987; 45(5):
921-926.
Note: Article.

Cash, R.C.; Leone, I.A. Effects of Foliar Applied Nickel on Tomato Plants. JOURNAL OF
ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1987; 22(1): 11-26.
Note: Article.

Castejon, H.; Hernandez, A3.; Ruette, F. Molecular-Orbital Study of Nickel-Oxygen Interactions.
JOURNAL OF PHYSICAL CHEMISTRY; 1988; 92(17): 4970-4973.
Note: Article.

Castresana, J.M.; Aguilar, M.; Cox, M.; Elizalde, M.P. Synergistic Extraction of Nickel by Mixtures
of Alpha-Hydroxyoximes and Carboxylic-Acids. SOLVENT EJCHMCTION AND ION EXCHANGE;
1988; 6(2): 265-274.
Note: Article.

Castro, A.J.; Filby, R.H.; Doolittle, F.G.; Vanberkel, G3. Comparison of Electron Ionization and Fast
Atom Bombardment Mass-Spectrometry for the Determination of Nickel, Vanadyl and Free-Base
Porphyrins. ORGANIC GEOCHEMISTRY; 1989; 14(2): 193-202.
Note: Article.

Cataldo, D.A.; Mcfadden, K.M.; Wildung, R.E.; Garland, T.R. Organic-Constituents and Complexation
of Nickel(II), Iron(III), Cadmium(II), and Plutonium(IV) in Soybean Xylem Exudates. PLANT
PHYSIOLOGY; 1988; 86(3): 734-739.

Cavallotti, P.; Salvago, G. Characteristics of Electroless Plating of Nickel, Cobalt, and Their Alloys.
JOURNAL OF THE ELECTROCHEMICAL SOt.ll~; 1986; 133(8): C321-C321.

20



Note: Meeting-Abstract.

Cavelier, C.; Foussereau, J.; Gille, P.; Zissu, D. Allergy to Nickel or Cobalt - Tolerance to Nickel and
Cobalt Samples in Man and in the Guinea-Pig Allergic or Sensitized to These Metals. CONTACT
DERMATITIS; 1989; 21(2): 72-78.
Note: Article.

Cavelier, C.; Foussereau, J.; Gille, P.; Zissu, D. Nickel Allergy - Tolerance to Metallic Surface-Plated
Samples in Nickel-Sensitive Humans and Guinea-Pigs. CONTACT DEI5fATITIS; 1988; 19(5): 358-361.
Note: Article.

Cawthorn, R.G.; Cassidy, K.F.; Dewet, M.; Groves, D.I.; Maske, S. Nickel Sulfide Potential of the
Mount Ayliff Intrusion (Insizwa Complex), Transkei. SOUTH AFRICAN JOURNAL OF SCIENCE;
1986; 82(10): 572-576.
Note: Article.

Cecutti, A.G. Nickel Cobalt Health-Effects. JOURNAL OF METALS; 1987; 39(10): A8-A8.
Note: Meeting-Abstract.

Celmer, R.S.; Kaiura, G.H.; Toguri, J.M. Chemical-Reactions During the Electric Smelting of
Nickel-Copper Calcines. CANADIAN METALLURGICAL QUARTERLY; 1987; 26(4): 277-284.
Note: Article.

Celmer, R.S.; Toguri, J.M. The Distribution of Minor Elements in Nickel Matte Smelting. CIM
BULLETIN; 1986; 79(890): 71-71.
Note: Meeting-Abstract.

Celmer, R.S.; Toguri, J.M. Impurity Distribution in Nickel Matte Smelting. JOURNAL OF METALS;
1987; 39(10): A41-A41.
Note: Meeting-Abstract.

Chachanidze, G.D. Thermodynamic Properties of Nickel and Cobalt Ferrites. INORGANIC
MATERIALS; 1990; 26(2): 314-317.
Note: Article.

Chaloner, P.A. Nickel, Palladium and Platinum - Annual Survey Covering the Year 1980. JOURNAL
OF ORGANOMETALLIC CHEMISTRY; 1987; 324(1-3): 283445.
Note: Review.

Chaloner, P.A. Nickel, Palladium and Platinum, Annual Survey Covering the Year 1981. JOURNAL
OF ORGANOMETALLIC CHEMISTRY; 1987; 337(1-3): 431461.
Note: Review.

Chaloner, P.A. Nickel, Palladium and Platinum - Annual Survey Covering the Year 1982. JOURNAL
OF ORGANOMETALLIC CHEMISTRY; 1988; 357(1-3): 51-246.
Note: Revie~.

Chaloner, P.A. Nickel, Palladium and Platinum - Annual Survey Covering the Year 1983. JOURNAL

21



OF ORGANOMETALLIC CHEMISTRY; 1989; 374(1-3): 349-542.
Note: Review.

Chamberlain, P.G. Changing Patterns in United-States Nickel Consumption. CIM BULLETIN; 1986;
79(890): 67%7.
Note: Meeting-Abstract.

Charnel, A.; Nannann, P. Foliar Absorption of Nickel - Determination of Its Cuticular Behavior Using
Isolated Cuticles. JOURNAL OF PLANT NUTIUTION; 1987; 10(1): 99-111.
Note: Article.

Chandler, V.W.; Ferderer, R3. Copper-Nickel Mineralization of the Duluth Complex, Minnesota - A
Gravity and Magnetic Perspective. ECONOMIC GEOLOGY; 19&9; 84(6): 1690-1696.
Note: Abstract-Note.

Chapin, R.E.; Schwetz, B.A.; Phelps, J.L.; Yang, R.S.H. Toxicological Studies of a Chemical-Mixture
of 25 Groundwater Contaminants. 3. Male Reproduction Study in B6C3Fl Mice. FUNDAMENTAL
AND APPLIED TOXICOLOGY; 1989; 13(3): 388-398.

Chapman, A.; Cammack, R.; Peisach, J.; Mccracken, J.; Hatchikian, C.E. A Pulsed EPR Study of
Redox-Dependent Hyperfine Interactions for the Nickel Center of Desulfovibrio&igas Hydrogenase.
FEBS Lt;l t~; 1988; 242(1): 134-138.
Note: Article.

Chapman, P.M. Toxicity measurement and reduction procedures (Biomonitoring and TRE programs).
WATER POLLUTION RESEARCH JOURNAL OF CANADA; 1989; 24(3): 425%34.

Charalambous, J.; Morgan, J.S.; Operti, L.; Volpe, P.; Vaglio, G.A. Negative and Positive-Ion
Chemical Ionization Mass-Spectrometry of Dioximes and Their Nickel-Complexes. INORGANICA
CHIMICA ACTA; 1988; 144(2): 201-203.
Note: Article.

Chaudhary, B.R.; Sastry, P.S.

Cheesman, M.R.; Ankelfuchs, D.; Thauer, R.K.; Thomson, A.J. Magnetic-Properties of Nickel in
Methyl-Coenzyme-M Reductase. RECUEIL DES TRAVAUX CHIMIQUES DES PAYS-BAS-JOURNAL
OF THE ROYAL NETHERLANDS CHEMICAL SOCIETY; 1987; 106(6-7): 339-339.
Note: Meeting-Abstract.

Cheesman, M.R.; Ankelfuchs, D. Thauer, R.K. Thompson, A.J. The Magnetic-Properties of the NickelCofactor-F430 in the Enzyme Methyl-Coenzyme-M Reductase of
Methanobacterium-Thermoautotrophicum. BIOCHEMICAL JOURNAL; 1989; 260(2): 613416.
Note: Article.

Chen, T.T.; Dutrizac, J.E. A Mineralogical Study of the Behavior of Nickel During Copper
Electrorefining. JOURNAL OF METALS; 1988; 40(11): 81-$ 1.
Note: Meeting-Abstract.



Chen, T.T.; Dutrizac, J.E. Mineralogical Characterization of Anode Slimes .4. Copper Nickel Antimony

Oxide (Kupferglimmer) in Ccr Anodes and Anode Slimes. CANADIAN METALLURGICAL

QUARTERLY; 1989; 28(2): 127-134.
Note: Article.

Chen, T.T.; Dutrizac, J.E. A Mineralogical Overview of the Behavior of Nickel During Copper
Electrorefining. METALLURGICAL TRANSACTIONS B-PROCESS METALLURGY; 1990; 21(2):
229-238.

Chester, R.; Bradshaw, G.F. Source Control on the Distribution of Particulate Trace-Metals in the
North-Sea Atmosphere. MARINE POLLUTION BULLETIN; 1991; 22(1): 30-36.
Note: Article.

Chetty, C.S.; Rajanna, B.; Rajanna, S. Invitro Effects of Heavy-Metals on Brain Phosphodiesterase
(PDE) and Calmodulin (CAM) Activity. FASEB JOURNAL; 1991; 5(4): A878-A878.
Note: Meeting-Abstract.

Chevin, J.C.; Maincent, P.; Jacque, M.; Mougeolle, J.M.; Martin, J.A. Nickel-II Elimination and

Autoradiographic Distribution in Normal and Nickel-Sensitized Guinea-Pigs. INTERNATIONAL
JOURNAL OF PHARMACEUTICS; 1988; 45(1-2): 101-110.
Note: Article.

Chiang, L.; James, B.D.; Magee, R.J. Adsorptive Stripping Voltammetry of Some Trace-Elements in
Biological Samples .2. Nickel, Arsenic, Aluminum and Selenium. MIKROCHIMICA ACTA; 1989;
2(4-6): 149-156.
Note: Article.

Chien, S.H.; Shao, L.Y. Ef'feet of the Oxidation-State of Nickel on Its Catalytic Activity. SOLID STATE
IONICS; 1988; 26(2): 150-150.
Note: Meeting-Abstract.

Choate, D.; Blake, R.; Revis, N. Chemical Transformation of Toxic Metals by a Pseudomonas Strain
from a Toxic-Waste Site. FASEB JOURNAL; 1991; 5(4): A466-A466.
Note: Meeting-Abstract.

Chong, C. Determination of Silver, Bismuth, Cadmium, Copper, Iron, Nickel and Zinc in Lead-Base and
Tin-Base Solders and White-Metal Bearing Alloys by Atomic-Absorption Spectrophotometry. TALANTA;
1986; 33(1): 91-94.
Note: Article.

Chong, N.S.; Norton, M.L.; Anderson, J.L. Multielement Trace-Metal Determination by
Electrodeposition, Scanning Electron-Microscopic X-Ray-Fluorescence, and Inductively Coupled Plasma
Mass-Spectrometry. ANALYTICAL CHEMISTRY; 1990; 62(10): 1043-1050.

Christensen, J.M. Interlaboratory Trial - Nickel Determination in Human-Serum. SCANDINAVIAN
JOURNAL OF CLINICAL 8c LABORATORY INVESTIGATION; 1986; 46(S185)'. 170-170.

Note: Meeting-Abstract.

23



Christensen, J.M.; Pedersen, L.M. Enzymatic Digestion of Whole-Blood for Improved Determinationof Cadmium, Nickel and Chromium by Electrothermal Atomic-Absorption Spectrophotometry-Measurements in Patients with Rheomatnid-Arthritis and in Normal Humane. ACTAPHARMACOLOGICA ET TOXICOLOGICA; 1986; 59(S7): 399~.
Note: Article.

&I ~ ~
Christensen, O.B.; Wall, L.M. Open, Closed and Intradermal Testing in Nickel Allergy. CONTACTDERMATITIS; 1987; 16(1): 21-26.
Note: Article.

Christie, N.T. The Synergistic Interaction of Nickel (11) with DNA Damaging Agents.TOXICOLOGICAL AND ENVIRONMENTAL CIKMISTRY; 1989; 22(1%): 51-59.

Christie, N.T.; Biggart, N.W.; Murphy, E.C. Alterations of Karyotypes in Nickel andMethylcholanthrene-Induced Mouse-Tumors. JOURNAL OF CELL BIOLOGY; 1986; 103(5):A490-A490.
Note: Meeting-Abstract.

Christie, N.T.; Biggart, N.W.; Murphy, E.C.; Tummolo, D.M. Chromosomal Changes in Cell-Linesfrom Mouse-Tumors Induced by Nickel Sulfide and Methylcholanthrene. CELL BIOLOGY ANDTOXICOLOGY; 1988; 4(4): 427-445.
Note: Article.

Christians, S.; Kaltwasser, H. Nickel-Content of Urease from Bacillus-Pasteurii. ARCHIVES OFMICROBIOLOGY; 1986; 145(1): 51-55.
Note: Article.

Chu, A.C.; Elliot, J.; Shaw, M. Invitro Stimulation of Lymphocytes by Nickel - Reliability in DetectingInvitro Sensitivity and Comparison of Monocytes and Langerhans Cells in Antigen Presentation.JOURNAL OF INVESTIGATIVE DERMATOLOGY; 1987; 89(3): 322-323.
Note: Meeting-Abstract.

Clark, P.A.; Wilcox, D.E. Magnetic-Properties of the Nickel Enzymes Urease, Nickel-SubstitutedCarboxypeptidase-A, and Nickel-Substituted Carbonic-Anhydrase. INORGANIC CHEMISTRY; 1989;28(7): 1326-1333.
Note: Article.

Clark, P.A.; Wilcox, D.E. Perturbation of the Ground-State Magnetic and Electronic-Properties of theDinuclear Nickel Active-Site of the Enzyme Urease. ABSTRACTS OF PAPERS OF THE AMERICANCHEMICAL SOCIETY; 1989; 197(APR): 292-.
Note: Meeting-Abstract.

Clark, P.A.; Wilcox, D.E. Properties of the Nickel Ions in Urease. ABSTRACTS OF PAPERS OF THEAMERICAN CHEMICAL SOCIETY; 1988; 195(JUN): 100-.
Note: Meeting-Abstract.

Clark, P.A.; Wilcox, D.E.; Scott, R.A. X-Ray Absorption Spectroscopic Evidence for Binding of theCompetitive Inhibitor 2-Mercaptoethanol to the Nickel Sites of Jack Bean Urease - A New Ni-Ni

24



Interaction in the Inhibited Enzyme. INORGANIC CHEMISTRY; 1990; 29(4): 579-581.
Note: Note.

Cloutier, N.R.; Clulow, F.V.; Dave, N.K.; Lim, T.P. Metal (Cu, Ni, Fe, Co, Zn, Pb) and RA-226
Levels in Tissues of Meadow Voles Microtus-Pennsylvanicus Living on Nickel and Uranium-Mine
Tailings in Ontario, Canada - Site, Sex, Age and Season Effects with Calculation of Average Skeletal
Radiation-Dose. ENVIRONMENTAL POLLUTION SERIES A-ECOLOGICAL AND BIOLOGICAL;
1986; 41(4): 295-314.
Note: Article.

Clymer, S.D.; Crumbliss, A.L.; Morosoff, N. Plasma Polymers Con~i»~g Uniformly Dispersed Nickel.
ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1990; 199(APR): 117-.

Cohen, P.R.; Cardullo, A.C.; Ruszkowski, A.M.; Deleo, V.A. Allergic Contact-Dermatitis to Nickel
in Children with Atopic-Dermatitis. ANNALS OF ALLERGY; 1990; 65(1): 73-79.
Note: Article.

Colin, F.; Nahon, D.; Trescases, J.J.; Melfi, A.J. Lateritic Weathering of Pyroxenites At Niquelandia,
Goias, Brazil - The Supergene Behavior of Nickel. ECONOMIC GEOLOGY AND THE BULLETIN OF
THE SOCIETY OF ECONOMIC GEOLOGISTS; 1990; 85(5): 1010-1023.
Note: Article.

Colpas, G.J.; Maroney, M J.; Bagyinka, C.; Kumar, M.; Willis, W.S.; Suib, S.L.; Baidya, N.;
Mascharak, P.K. X-Ray Spectroscopic Studies of Nickel-Complexes, with Application to the Structure
of Nickel Sites in Hydrogenases. INORGANIC CHEMISTRY; 1991; 30(5): 920-928.
Note: Article.

Conway, K.; Costa, M.; Wang, X.W.; Xu, L.S. Effect of Magnesium on Nickel-Induced Genotoxicity
and Cell-Transformation. CARCINOGENESIS; 1987; 8(8): 1115-1121.
Note: Article.

Conway, K.; Costa, M. The Involvement ofHeterochromatic Damage in Nickel-Induced Transformation.
BIOLOGICAL TRACE ELEMENT RESEARCH; 1989; 21(JUL-): 437444.
Note: Article.

Conway, K.; Costa, M. Nonrandom Chromosomal Alterations in Nickel-Transformed Chinese-Hamster
Embryo Cells. CANCER RESEARCH; 1989; 49(21): 60324038.
Note: Article.

Conway, K.; Costa, M. Transformation of Chinese-Hamster Embryo Cells by Nickel Yields Cell-Lines
with Altered Heterochromatic Staining Patterns. PROCEEDINGS OF THE AMERICAN ASSOCIATION
OF CANCER RESEARCH; 198&; 29(MAR): 117-117.
Note: Meeting-Abstract.

Coogan, T.P.; Costa, M.; Latta, D.M.; Imbra, R.J. Effect of Nickel (II) on DNA - Protein Interactions.
BIOLOGICAL TRACE ELEMENT RESEARCH; 1989; 21(JUL-): 13-21.

Coogan, T.P.; Costa, M.; Snow, E.T.; Latta, D.M. Toxicity and Carcinogenicity of Nickel Compounds.



CRC CRITICAL REVIEWS IN TOXICOLOGY; 1989; 19(4): 341-384.
Note: Review.

Coppenhaver, D.H. Nickel Chelate Chromatography of Human Immune Interferon. METHODS IN
ENZYMOLOGY; 1986; 119: 199-204.
Note: Review.

Corbet, A3.; Murphy, F.M.; Owens, M.L. Inhibition of Lung Phospholipid Secretion by Lanthanum,
Nickel, Cadmium, EGTA and Neomycin. PEDIATRIC RESEARCH; 1989; 25(4): A306-A306.
Note: Meeting-Abstract.

Coremans, J.M.C.C.; Albracht, S.P.J.; Vanderzwaan, J.W. Redox Behavior of Nickel in Hydrogenase
from Methanobacterium-Qermoautotrophicum (Strain Marburg) - Correlation Between the Nickel
Valence State and Enzyme-Activity. BIOCHIMICA ET BIOPHYSICA ACTA; 1989; 997(3): 256-267.
Note: Article.

Cornett, R.J.; Evans, R.D.; Chant, L. Nickel Diagenesis and Partitioning in Lake-Sediments. SCIENCE
OF THE TOTAL ENVIRONMENT; 1989; 87-8(NOV): 157-170.

Corrigan, D.A.; Conell, R.S.; Fierro, C.A.; Scherson, D.A. Insitu Mossbauer Study of Redox Processes
in a Composite Hydroxide of Iron and Nickel. JOURNAL OF PHYSICAL CHEMISTRY; 1987; 91(19):
5009-5011.
Note: Letter.

Corrigan, D.A.; Knight, S.L. Electrochemical and Spectroscopic Evidence on the Participation of
Quadrivalent Nickel in the Nickel-Hydroxide Redox Reaction. JOURNAL OF THE
ELECTROCHEMICAL SOCIETY; 1989; 136(3): 613419.
Note: Article.

Costa, M. Deletion of a Senescence Tumor Suppressor Gene As a Mechanism of Nickel Carcinogenesis.
ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1990; 199(APR): 25-.
Note: Meeting-Abstract.

Costa, M. Perspectives on the Mechanism of Nickel Carcinogenesis Gained from Models of Invitro
Carcinogenesis. ENVIRONMENTAL HEALTH PERSPECTIVES; 1989; 81(MAY): 73-76.
Note: Article.

Costa, M.; Ashkenazikimmel, T.; Imbra, R.J.; Latta, D.M.; Miller, C.A. Effects of Chromate and
Nickel on DNA-Protein Interactions. PROCEEDINGS OF THE AMERICAN ASSOCIATION OF
CANCER RESEARCH; 1987; 28(MAR): 89-89.
Note: Meeting-Abstract.

Couillard, D.; Mercier, G. Optimum Residence Time (in CSTR and Airlift Reactor) for Bacterial
Leaching of Metals from Anaerobic Sewage-Sludge. WATER RESEARCH; 1991; 25(2): 211-218.
Note: Article.

Covington, J.S.; Nunez, L.J.; Slagle, W.F. Nickel Allergy to Base-Metal Dental Prostheses - A Clinical
Perspective. JOURNAL OF DENTAL RESEARCH; 1988; 67(4): 689%89.

26



Note: Meeting-Abstract.

Cowden, A. Emplacement of Komatiite Lava Flows and Associated Nickel Sulfides at Kambalda,
Western-Australia. ECONOMIC GEOLOGY; 1988; 83(2): 43&442.
Note: Note.

Cox, M.; Flett, D. Modern Extractants for Copper, Cobalt and Nickel. CHEMISTRY Ec INDUSTRY;
1987; (6): 188-193.
Note: Article.

Cramer, S.P.; Dervartanian, D.V.; Eidsness, M.K.; Ljungdahl, L.G.; Morton, T.A.; Pan, W.H.;
Ragsdale, S.W.; Scott, R.A. X-Ray Absorption Spectroscopic Evidence for a Unique Nickel Site in
Clostridium-Thermoaceticum Carbon-Monoxide Dehydrogenase. INORGANIC CHEMISTRY; 1987;
26(15): 2477-2479.
Note: Article.

Cranston, R.E.; Buckley, D.E. Redox reactions and carbonate perservation in deep-sea sediments.
MARINE GEOLOGY; 1990; 94(1-2): 1-8.

Crawford, B.A.; Findsen, E.W.; Ondrias, M.R.; Shelnutt, J.A. Photodynamics of a Nickel
Hydrocorphinoid Model of F-430. INORGANIC CHEMISTRY; 1988; 27(11): 1842-1846.
Note: Letter.

Crnojevich, R.; Larue, T.; Tinnin, R.; Wiewiorowski, E. Futuristic Role of the Amax Port Nickel Plant
in Management of Industrial-Wastes. JOURNAL OF METALS; 1988; 40(11): 30-30.
Note: Meeting-Abstract.

Dabeka, R.W. Graphite-Furnace Atomic-Absorption Spectrometric Determination of Lead, Cadmium,
Cobalt and Nickel in Infant Formulas and Evaporated Milks After Nitric-Perchloric Acid Digestion and
Coprecipitation with Ammonium Pyrrolidine Dithiocarbamate. SCIENCE OF THE TOTAL
ENVIRONMENT; 1989; 89(3): 271-277.

Dabeka, R.W. Survey of Lead, Cadmium, Cobalt and Nickel in Infant Formulas and Evaporated Milks
and Estimation of Dietary Intakes of the Elements by Infants 0-12 Months Old. SCIENCE OF THE
TOTAL ENVIRONMENT; 1989; 89(3): 279-289.

. Note: Article.

Daday, A.; Mackerras, A.H.; Smith, G.D. A Role for Nickel in Cyanobacterial Nitrogen-Fixation and
Growth via Cyanophycin Metabolism. JOURNAL OF GENERAL MICROBIOLOGY; 1988; 134(OCT):
2659-2663.
Note: Article.

Dado, G.; Rosenthal, J. Simultaneous Determination of Cobalt, Copper, and Nickel by Multivariate
Linear-Regression. JOURNAL OF CHEMICAL EDUCATION; 1990; 67(9): 797-800.
Note: Article.

Dan, S.R.; Das, A.K. Separation and Determination of Trace Amounts of Nickel in Industrial-Waste
Water Using a Liquid Chelating Exchanger and Atomic-Absorption Spectrophotometry. INDIAN

27



JOURNAL OF CHEMISTRY SECTION A-INORGANIC PHYSICAL THEORETICAL &
ANALVHCAL; 1988; 27(3): 274-276.
Note: Note.

Daniele, P.G.; Destefano, C.; Derobertis, A.; S~~~~o, S.; Zerbinati, O. Mixed-Metal Complexes
in Solution - A Potentiometric and Spectrophotometric Study of Copper(11)-Nickel(II)
Delta-Hydroxylysine Complexes in Ailueous-Solution. JOURNAL OF THE CHEMICAL
SCX.STY-DALTON TRANSACTIONS; 1989; (9): 1745-1749.

Daniels, L. Archaebacterial involvement in microbial metal corrosion; 1990; ISSN: AD-A219
982/6/GAR.
Note: 5 pp.

Daniels, R.S.; Wigfield, D.C. Cold-Vapor Mercury Atomic-Absorption Spectrometry. 4. Increased
Sensitivity. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 89(3): 337-339.

Dar, G.H.; Tandon, S.M. Response of a Cattle Dung Methane Fermentation to Nickel. BIOLOGICAL
WASTES; 1987; 22(4): 261-268.
Note: Article.

Darensbourg, D.J.; Wiegreffe, P. Decarboxylation Reactions of Chromium and Nickel Formates-
Chemistry Relevant to Carbon-Dioxide Activation. ABSTRACTS OF PAPERS OF THE AMERICAN
CHEMICAL SOCIETY; 1988; 196(SEP): 455-.
Note: Meeting-Abstract.

Darmono, D. Uptake of Cadmium and Nickel in Banana Prawn (Penaeus-Merguiensis Deman).
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 45(3): 320-328.
Note: Article.

Darmono, D.; Denton, G.R.W. Heavy metal concentrations in the banana prawn, Penaeus merguiensis,
and leader prawn, P. monodon, in the the Townsville region of Australia. BULLETIN OF
ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 44(3): 479-486.

Das, A.K. Astatistical Aspects of the Stabilities of Ternary Complexe;s of Cobalt(II), Nickel(II),
Copper(11) and Zinc(II) Involving Aminopolycarboxylic Acids As Primary Ligands and Salicylaldoxime
As a Secondary Ligand. TRANSITION METAL CHEMISTRY; 1990; 15(1): 75-77.

Dave, V.K.; Templar, J.; Day, J.P. Low Nickel Levels in Mineral Water. CONTACT DERMATITIS;
1990; 22(3): 181-181.
Note: Note.

Davenport, J.; Wrench, J. Metal levels in a leatherback turtle. MARINE POLLUTION BULLETIN;
1990; 21(1): ~1.
Davies, I.M.; Paul, J.D. Accumulation of Copper and Nickel from Anti-Fouling Compounds During
Cultivation of Scallops (Pecten-Maximus L) and Pacific Oysters (Crassostrea-Gigas Thun).
AQUACULTURE; 1986; 55(2): 93-102.
Note: Article.

28



Davies, L.J.; Hoyson, G3. Refractories for Nickel Extractive Metallurgy. JOURNAL OF METALS;

1987; 39(10): A41-A41.
Note: Meeting-Abstract.

Davison, N.; Mcwhinnie, W.R. The Formation of Cobalt and Nickel-Complexes on Clay Surfaces.

POLYHEDRON; 1990; 9(18): 2273-2283.
Note: Article.

Decker, K. Plate tectonics and pelagic facies: Late Jurassic to Early Cretaceous deep-sea sediments of

the Ybbsitz ophiolite unit (Eastern Alps, Austria). SEDIMENT GEOLOGY; 1990; 67(1-2): 85-99.

Decorres, L.F.; Audicana, N.; Bernaola, G.; Munoz, D.; Urrutia, I. The Innumerable Sources of Nickel.

CONTACT DERMATITIS; 1988; 19(5): 386-387.

Note: Note.

Delabouglise, D.; Gamier, F. Chiral Metals - Amino Acid-Substituted Conducting Polypyrroles.

SYNTHETIC METALS; 1990; 39(1): 117-120.

Note: Note.

Delacharriere, O.; Lachaise, M.; Kalis, B. Evolution of Skin Inflammation and Barrier Function

Parameters During Contact Allergy to Nickel After Application of Antiinflammatory Agents. CLINICAL

RESEARCH; 1989; 37(2): A724-A724.
Note: Meeting-Abstract.

Delmas, C.; Delahaye, A.; Figlarz, M.; Faure, C.; Borthomieu, Y. Nickel-Hydroxide and Derived

Phases Obtained by Chimie-Douce. SOLID STATE IONICS; 1988; 26(2): 152-152.

Note: Meeting-Abstract.

Delmas, C.; Figlarz, M.; Borthomieu, Y.; Braconnier, J.J. From Sodium Nickelate to Nickel-Hydroxide.

SOLID STATE IONICS; 1988; 28(SEP): 1132-1137.

Note: Article.

Deluca, C, Cristaudo, A., Cannistraci, C., Faggioni, A.; Santucci, B. Nickel keratinocyte interaction-

a possible role in sensitization. BRITISH JOURNAL OF DERMATOLOGY; 1990; 122(6): 727-737.

Denholm, W.T.; Taylor, R.N. Small-Scale Testing of an Intense Bath-Smelting Process for Smelting

Nickel Sulfide Concentrates. CIM BULLETIN; 1986; 79(890): 81-81.

Note: Meeting-Abstract.

Denison, M.S.; Hamilton, J.W.; Wilkinson, C.F.; Young, C.M. Nickel and Nickel-Conjugate

Metabolism and Acute Toxicity. VETERINARY AND HUMAN TOXICOLOGY; 1989; 31(5): 498%99.

Note: Article.

Denoyer, E.R.; Siegel, L.A. Determination of Sulfur, Nickel and Vanadium in Fuel and Residual Oils

by X-Ray-Fluorescence Spectrometry. ANALYTICA CHIMICA ACTA; 1987; 192(2): 361-366.

Note: Note.

Depledge, M.H.; Rainbow, P.S. Models of Regulation and Accumulation of Trace-Metals in



Marine-Invertebrates. COMPARATIVE BIOCHEMISTRY AND PHYSIOLOGY CCOMPARATIVE
PHARMACOLOGY AND TOXICOLOGY; 1990; 97(l): 1-7.
Note: Review.

Desai, P.D. Thermodynamic Properties of Nickel. INTERNATIONAL JOURNAL OF
THERMOPHYSICS; 1987; 8(6): 763-780.
Note: Article.

D H .J.:C 'g D...MJ.Q ' I f i *- d
FQm Electrodes by Insitu Surface R~~&n-Spectroscopy. JOURNAL OF THE ELECIROCHEMICAL
SOCIETY; 1988; 135(4): 885-892.
Note: Article.

Dewaal, W.A.J.; Heemstra, S.; Kraak, J.C.; Jonker, RJ. Applicability of Reversed-Phase
Liquid~romatography for the Speciation of Vanadyl and Nickel Metalloporphyrins in Oil Extracts.
CHROMATOGRAPHIA; 1990; 30(1-2): 38-46.
Note: Article.

Dewaal, W.A.J.; Wijnands, R.; Kuiper, C.C.H.M.; Maessen, F.J.M.J.; Jonker, R.J.; Kraak, J.C.
Selection of Conditions for the Molecular-Size Speciation of Vanadium and Nickel-Complexes in Oil bySize-Exclusion Chromatography Coupled with Inductively Coupled Plasma-Atomic
Emission-Spectrometry. JOURNAL OF CHROMATOGRAPHY; 1989; 462(JAN): 115-135.
Note: Article.

Dhavale, D.M. Environmental variables and heavy metal toxicity in crabs. BULLETIN OF MARINE
SCIENCE; 1990; 46(1): 244-245.

Diamond, J.M.; Parson, J3.; Gruber, D. Rapid detection of sublethal toxicity using fish ventilatorybehaviour. ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY; 1990; 9(1): 3-11.

Diaz, C.; Galindo, L.; Garcia Montelongo, F.; Larrechi, M.S.; Rius, F.X. Metals in coastal waters of
Santa Cruz de Tenerife, Canary Islands. MARINE POLLUTION BULLETIN; 1990; 21(2): 91-95.

Diaz, C.M.; Landolt, C.A.; Taylor, J.C.; Warner, A.E.M. Nickel Extractive Pyrometallurgy - AnOverview. JOURNAL OF METALS; 1987; 39(10): A41-A41.
Note: Meeting-Abstract.

Diaz, C.M.; Warner, A.E.M.; Taylor, J.C.; Vahed, A.; Landolt, C.A. A Review of Nickel
Pyrometallurgical Operations. JOURNAL OF METALS; 1988; 40(9): 28-33.
Note: Review.

Diaz, J.M.; Caballero, M.; Perezbustamante, J.A.; Cela, R. Multielemental Separation of Copper,Cobalt, Cadmium and Nickel in Natural-Waters by Means of Colloidal Gas Aphron Coflotation.
ANALYST; 1990; 115(9): 1201-1205.
Note: Article.

Dieter, H3i., Kaiser, U.; Kerndorff, H. Proposal on standardized toxicological evaluation of chemicals
from contaminants. CHEMOSPHERE; 1990; 20(1-2): 75-90.

30



Dieter, M.P.; Jameson, C.W.; Hong, H.L.; Luster, M.I.; Boorman, G.A.; French, J.E.; Tucker, A.N.
Evaluation ofTissue Disposition, Myelopoietic, and &» ~»~logical Responses in Mice After Long-Term
Exposure to Nickel Sulfate in the Drinking-Water. JOURNAL OF TOXICOLOGY AND
ENVIRONMENTAL HEALTH; 1988; 24(3): 357-372.
Note: Article.

Dillon, C.P. Nickel in the Process Industries - An Anxiety Closet of Materials Selection Monsters. CIM
BULLETIN; 1986; 79(890): 79-79.
Note: Meeting-Abstract.

Dive, D.; Gabriel, L.; Bengabengomme, A.; Hanssens, O. Studies on Interactions Between Components
of Electroplating Industry Wastes - Infiuence of Nickel and Calcium on Interactions Between Cadmium,
Copper, Chromium and Zinc. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 87-8(NOV):
355-364.
Note: Article.

Dixon, R.K. Response of Ectomycorrhizal Quercus-Rubra to Soil Cadmium, Nickel and Lead. SOIL
BIOLOGY &, BIOCHEMISTRY; 1988; 20(4): 555-559.
Note: Article.

Dobreva, D.; Barzev, A.; Futekov, L.; Rusev, V. Electrothermal Atomic-Absorption Determination of
Arsenic, Antimony, Bismuth, Manganese, Nickel, Selenium, Tellurium, and Chromium in Pure Copper.
FRESENIUS ZEITSCHRIFT FUR ANALYTISCHE CHEMIE; 1987; 328(7): 557-559.
Note: Article.

Dobson, R.L. Earrings for Nickel-Sensitive Women. JOURNAL OF THE AMERICAN ACADEMY OF
DERMATOLOGY; 1987; 16(3): 631431.
Note: Letter.

Dold, P.L. Current practice for treatment of petroleum refinery wastewater and toxics removal. WATER
POLLUTION RESEARCH JOURNAL OF CANADA; 1989; 24(3): 363-390.

Doll, R.; Andersen, A.; Cooper, W.C.; Cosmatos, I.; Cragle, D.L.; Easton, D.; Enterline, P.;
Goldberg, M.; Metcalfe, L.; Norseth, T.; Peto, J.; Rigaut, J.P.; Roberts, R.; Seilkop, S.K.; Shannon,
H.; Speizer, F.; Sunderman, F.W.; Thornhill, P.; Warner, J.S.; Weglo, J.; Wright, M. Report of the
International-Committmn-Nickel-Carcinogenesis-in-Man. SCANDINAVIAN JOURNAL OF WORK
ENVIRONMENT &, HEALTH; 1990; 16(1): 1-82.
Note: Article.

Donaldson, E.M. Determination of Cobalt, Nickel, Lead, Bismuth and Indium in Ores, Soils and Related
Materials by Atomic-Absorption Spectrometry After Separation by Xanthate Extraction. TALANTA;
1989; 36(5): 543-548.
Note: Article.

Donaldson, M.J.; Gresham, J.J.; Groves, D.I.; Lesher, C.M. Comparison of Archean Dunites and
Komatiites Associated with Nickel Mineralization in Western-Australia - Implications for Dunite Genesis.
MINERALIUM DEPOSITA; 1986; 21(4): 296-305.
Note: Article.



Donat, J.R.; Bruland, K.W. Direct D~i»&ion of Dissolved Cobalt and Nickel in Seawater by
Differential Pulse Cathodic Stripping Vol~~~etry Preceded by Adsorptive Collection of
Cyclohexane-1,2-Dione Dioxime Complexes. ANALYTICAL ~MISTRY; 19&8; 60(3): 240-244.
Note: Article.

Donskoy, E.; Donskoy, M.; Forouhar, F.; Gillies, C.G.; Manouk, A.; Reid, M.C.; Sunderman, F.W.;
Zaharia, O. Hepatic Toxicity of Nickel Chloride in Rats. ANNALS OF CLINICAL AND
LABORATORY SCIENCE; 1986; 16(2): 108-117.
Note: Article.

Dorten, W.S.; Elbazpoulichet, F.; Mart, L.R.; Martin, J.M. Reassessment of the River Input of
Trace-Metals into the Mediterranean-Sea. AMBIO; 1991; 20(1): 24.
Note: Article.

Dostal, L.A.; Sunderman, F.W.; Lin, S.M.; Hopfer, S.M. Effects of Nickel Chloride on Lactating Rats
and Their Suckling Pups, and the Transfer ofNickel 'Ihrough Rat Milk. TOXICOLOGY AND APPLIED
PHAIGCACOLOGY; 1989; 101(2): 220-231.
Note: Article.

Doyle, C.M.; Arp, D.J. Effects of Nickel on Expression of Hydrogenase in Alcaligenes-Latus. FASEB
JOURNAL; 1988; 2(4): A779-A779.
Note: Meeting-Abstract.

Doyle, C.M.; Arp, D.J. Nickel Affects Expression of the Nickel-Containing Hydrogenase of
Alcaligenes-Latus. JOURNAL OF BACTERIOLOGY; 1988; 170(9): 3891-3896.
Note: Article.

Dresler, W. 'Ihe Effect of Nickel on Chromite Reduction and Ferrochromium Refining. JOURNAL OF
METALS; 1988; 40(11): 41%1.
Note: Meeting-Abstract.

Drews, W.; Tolg, G.; Weber, G. Flow-Injection System for the Deternunation of Nickel by Means of
Mip-Oes After Conversion to Ni(Co)4. FRESENIUS ZEITSCHRIFT FUR ANALYTISCHE CHEMIE;
1989; 332(8): 862-865.

Drews, W.; Tolg, G.; Weber, G. Trace Analysis of Nickel by Mip-Oes After Preconcentration of Nickel
Tetracarbonyl on Chromosorb. FRESENIUS ZEITSCHRIFT FUR ANALYTISCHE CHEMIE; 1989;
334(7): 632432.
Note: Meeting-Abstract.

Drews, W.; Weber, G.; Tolg, G. Trace Determination of Nickel by Microwave-Induced Plasma Atomic
Rmi~~ion-Spectrometry After Preconcentration of Nickel Tetracarbonyl on Chromosorb. ANALYTICA
CHIMICA ACTA; 1990; 231(2): 265-271.
Note: Article.

Dubois, D.L.; Miedaner, A. Synthesis, Characterization, and Electrochemical Studies of Iron, Cobalt,
and Nickel-Complexes of Polyphosphine Ligands. INORGANIC CHEMISTRY; 1986; 25(26):
4642-4650.

32



Note: Article.

Dubovenko, L.I.; Pyatnitsky, I.V.; Zaporozhets, O.A. The Chemi-Luminescent Method for Nickel
Deterinjuiation. UKIMINSKII KHIMICHESKII ZHURNAL; 1988; 54(2): 163-168.
Note: Article.

Ducommun, Y.; Merbach, A.E.; Nichols, P.J. Variable-Pressure Kinetic-Study of Formation and
DissociationofOctahedral Divalent Metal-Ion Monocomplexes in N,N-Dimethylformamide - Dissociative,
Reaction-Mechanisms Through the 1st Row from Manganese to Nickel. INORGANIC CHEMISTRY;
1989; 28(13): 2643-2647.
Note: Article.

Dudareva, G.N.; Kudryavtsev, B.V.; Guzieva, G.I. Photometric-Determination of Nickel in
Asbestos-Containing Materials with Acetohydrazidine. JOURNAL OF ANALYTICAL CHEMISTRY OF
THE USSR; 1989; 44(5): 721-724.
Note: Article.

Dudley, L.M.; Baham, J.E.; Cheng, H.H.; Coray, C.S.; Mcneal, B.L. Characterization of Soluble
Organic-Compounds and Complexation of Copper, Nickel, and Zinc in Extracts of Sludge-Amended
Soils. JOURNAL OF ENVIRONMENTAL QUALITY; 1987; 16(4): 341-348.
Note: Article.

Dudley, L.M.; Baham, J.E.; Mcneal, B.L. Time-Dependent Changes in Soluble Organics, Copper,
Nickel, and Zinc from Sludge Amended Soils. JOURNAL OF ENVIRONMENTAL QUALITY; 1986;
15(2): 188-192.
Note: Article.

Dudley, L.M., McNeal, B.L., Baham, J.E., Coray, C.S.; Cheng, H.H. Characterization of soluble
organic compounds and complexation of copper, nickel, and zinc in extracts of sludge-amended soils. J.
ENVIRON. QUAL.; 1987; 16(4): 341-348.

Duffield, A. The Current State of Secondary Nickel-Zinc Technology at Lrc. CHEMISTRY 4
INDUSTRY; 1988; (3): 88-91.
Note: Article.

DufTy, S.J., Hay, G.W., Micklethwaite, R.K.; Vanloon, G.W. Distribution and classification of metal
species in soil Ieachates. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 87/88: 189-197.

Duke, J.M. Mineral-Deposit Models - Nickel Sulfide Deposits of the Kambalda Type. CANADIAN
MINERALOGIST; 1990; 28(SEP): 379-388.
Note: Article.

Dunnick, J.K.; Benson, J.M.; Cheng, Y.S.; Elwell, M.R.; Eidson, A.F.; Hobbs, C.H.; Haly, P.J.;
Hahn, F.F. Lung Toxicity After 13-Week Inhalation Exposure to Nickel-Oxide, Nickel Subsulfide, or
Nickel Sulfate Hexahydrate in F344/N Rats and B6C3F1 Mice. FUNDAMENTAL AND APPLIED
TOXICOLOGY; 1989; 12(3): 584-594.
Note: Article.



Dunnick, J.K.; Hobbs, C.H.; Hahn, F.F.; Benson, J.M.; Eidson, A.F.; Cheng, Y.S. Comparative
Toxicity of Nickel Oxide, Nickel Sulfate Hexahydrate, and Nickel Subsulfide After 12 Days of Inhalation
Exposure to F344/N Rats and B6C3F1 Mice. TOXICOLOGY; 1988; 50(2): 145-156.
Note: Article.

Dwivedi, P.P.; Athar, M.; Hasan, S.K.; Srivastava, R.C. Removal of Nickel by Chelating Drugs from
the Organs of Nickel Poisoned Rats. CHEMOSPHERE; 1986; 15(6): 813-821.
Note: Article.

Dwivedi, P.P.; Misra, V.S. Nickel Toxicity in Partially Hepatecto~i~~ Rats. 1. Accumulation of
Radioactive Nickel in Various Organs and Subcellular-Fractions of Liver. TOXICOLOGICAL AND
ENVIRONMENTAL CHEMISTRY; 1990; 25(2-3): 125-129.

DzhemBev, U.M.; Kunakova, R.V.; Bubulatova, ¹Z.; Mustafina, E.M.; Galkin, E.G.; Tolstikov, G.A.
Activation of the S-S Bond in Diphenyl Disulfide by Nickel-Complexes and Its Reaction with Butadiene.
BULLETIN OF THE ACADEMY OF SCIENCES OF THE USSR DIVISION OF CHEMICAL
SCIENCE; 1989; 38(3): 675-675.
Note: Letter.

Early, J.G. Workshop on Intelligent Processing for Primary Metals - Gaithersburg, MD August 29-30,
1989. JOURNAL OF RESEARCH OF THE NATIONAL INS'ITI'UTE OF STANDARDS AND
TECHNOLOGY; 1990; 95(5): 591-595.
Note: Editorial.

Eben, G.; Friedrich, B.; Eitinger, T. Genetic-Det~»»ts of a Nickel-Specific Transport-System Are
Part of the Plasmid-Encoded Hydrogenase Gene-Cluster in Alcaligenes-Eutrophus. JOURNAL OF
BACTERIOLOGY; 1989; 171(3): 1340-1345.
Note: Article.

Eckert, R.; Hescheler, J.; Krautwurst, D.; Schultz, G.; Trautwein, W. Calcium Currents of
Neuroblastoma X-Glioma Hybrid-Cells Af'ter Cultivation with Dibutyryl-Cyclic-AMP and Nickel.
PFLUGERS ARCHIV-EUROPEAN JOURNAL OF PHYSIOLOGY; 1990; 417(3): 329-335.
Note: Article.

Edelman, D.A.; Roggli, V.L. The Accumulation of Nickel in H~m~n Lungs. ENVIRONMENTAL
HEALTH PERSPECTIVES; 1989; $ 1(MAY): 221-224.
Note: Article.

Edoute, Y.; Rubanyi, G.M.; Vanhoutte, P.M. Nickel Chloride Inhibits Metabolic Coronary
Vasodilatation in Isolated Rat Hearts. FEDERATION PROCEEDINGS; 1986; 45(3): 397-397.
Note: Meeting-Abstract.

Eedy, D.J.; Burrows, D.; Mcmaster, D. 'Ihe Nickel Content of Certain Commercially Available Metallic
Patch Test Materials and Its Relevance in Nickel-Sensitive Subjects. CONTACT DERMATITIS; 1991;
24(1): 11-15.
Note: Article.

Efimov, M.E.; Evdokimova, V.P.; Tsirelnikov, V.I.; Medvedev, V.A. Standard Enthalpy of the



Formation of Crystal Nickel Chloride. ZHURNAL FIZICHESKOI IQIIMII; 1988; 62(7): 1961-1963.
Note: Note.

Eidsness, M.K.; Cramer, S.P.; Flank, A.M.; Hartzell, P.L.; Schwartz, J.R.; Scott, R.A.; Sullivan, R.J.;
Wolfe, R.S. Structural Diversity of FQ30 Rom Methanobacterium™'Ihermoautotrophicum - A Nickel
X-Ray Absorption Spectroscopic Study. JOURNAL OF THE AMERICAN CHEMICAL SOt mr 7;
1986; 108(11): 3120-3121.
Note: Note.

Eidsness, M.K.; Scott, R.A.; Peck, H.D.; Prickril, B.C.; Dervartanian, D.V.; Moura, I.; Moura, JJ.G.;
Legall, J. Evidence for Selenocysteine Coordination to the Active-Site Nickel in the (Nifese)Hydrogenases
from Desulfovibrio-Baculatus. PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF
THE UNITED STATES OF AMERICA; 1989; 86(1): 147-151.
Note: Article.

Eisch, J3.; Sexsmith, S.R. Intermediates and Reaction Mechanisms in the Interaction of Nickel(0)
Complexes with Organic Substrates. RESEARCH ON CHEMICAL INTERMEDIATES; 1990; 13:
149-192.

Eitinger, T.; Friedrich, B. Cloning, Nucleotide-Sequence, and Heterologous Expression of a
High-Affinity Nickel Transport Gene f'rom Alcaligenes-Eutrophus. JOURNAL OF BIOLOGICAL
CHEMISTRY; 1991; 266(5): 3222-3227.
Note: Article.

Ellen, G.; Tolsma, K.; Vanloon, J.W. Copper, Chromium, Manganese, Nickel and Zinc in Kidneys of
Cattle, Pigs and Sheep and in Chicken Livers in the Netherlands. ZEITSCHRIFI'UR
LEBENSMtI iM-UYIZRSUCHUNG UND-FORSCHUNG; 1989; 189(6): 534-537.
Note: Article.

Elsokkary, I.H.; Muller, G. Assessment and Speciation of Chromium, Nickel, Lead and Cadmium in the
Sediments of the River Nile, Egypt. SCIENCE OF THE TOTAL ENVIRONMENT; 1990; 97-8(NOV):
455M3.
Note: Article.

Emmett, E.A.; Feinman, S.; Risby, T.H.; See, K.N.; Jiang, L. Allergic Contact-Dermatitis to Nickel
- Bioavailability from Consumer Products and Provocation 'Ihreshold. JOURNAL OF THE AMERICAN
ACADEMY OF DERMATOLOGY; 1988; 19(2): 314-322.
Note: Article.

Emptage, M.H. Inactivation of Aconitase and Similar Fe-S Containing Enzymes by Divalent Metals.
FASEB JOURNAL; 1991; 5(4): A469-A469.
Note: Meeting-Abstract.

Emtestam, L.; Carlsson, B.; Wallin, J.; Marcusson, J.A.; Moiler, E. Specificity of HLA Restricting
Elements for Human Nickel Reactive T-Cell Clones. TISSUE ANTIGENS; 1989; 33(5): 531-541.
Note: Article.

Emtestam, L.; Marcusson, J.A.; Moiler, E. HLA Class-II Restriction Specificity for Nickel-Reactive

35



Lymphocytes-T. ACTA DERMATO-VENEREOLOGICA; 1988; 68(5): 395-401.
Note: Article.

Ensign, S.A.; Bonam, D.; Ludden, P.W. Nickel Is Required for the Transfer of Electrons &am
Carbon-Monoxide to the Iron Sulfur Center(S) of Carbon-Monoxide Dehydrogenase fmm
Rhodospirillum-Rubrum. BIOCHEMISTRY; 1989; 28(12): 4968%973.
Note: Article.

Ensign, S.A.; Campbell, M3.; Ludden, P.W. Activation of the Nickel-Deficient Carbon-Monoxide
.K' Q ' d R'IOCHEMISTRY;1990; 29(8): 2162-2168.

Note: Article.

Ensign, S.A.; Ludden, P.W.; Hyman, M.R. Nickel-Specific, Slow-Binding Inhibition of
Carbon-Monoxide Dehydrogenase Rom Rhodospirillum-Rubrum by Cyanide. BIOCHEMISTRY; 1989;
28(12): 4973%979.
Note: Article.

Environment Canada. Status Report on Water Pollution Control in the Canadian Metal Mining Industry
(1986). Mining, Mineral, and Metallurgical Processes Division, Industrial Programs Branch; May 1988;
Report EPS 1/MM/3.

Epstein, M.S.; Turk, G.C.; Travis, J.C. Application of a ND-YAG Pumped Dye-Laser to the
Determination of Nickel in River Sediment Using Non-Resonance Flame Atomic Fluorescence
Spectrometry. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY; 1988; 3(4): 523-525.
Note: Article.

Eriksen, K.D.H.; Andersen, T.; Stenersen, J.; Andersen, R.A. Cytosolic Binding of Cd, Cu, Zn and Ni
in 4 Polychaete Species. COMPARATPfE BIOCHEMISTRY AND PHYSIOLOGY C-COMPARATIVE
PHARMACOLOGY AND TOXICOLOGY; 1990; 95(1): 111-115.

Eriksen, K.D.H., Andersen, T., Gray, J.S., Stenersen, J.; Andersen, R.A. Metal-binding in polycheates:
Quantitative and qualitative studies of five species. MAR ENVIRON RES; 1989; 28(1-4).

Eriksson, J.E.; Andersson, A.; Wenblad, A. Cd, Ni and Zn contents of oat grain as related to soil factors
and precipitation. SWEDISH JOURNAL OF AGRICULTURAL RESEARCH; 1990; 20(2): 81-89.

Eskilsson, H.; Haraldsson, C. Chronopotentiometric Determi»&ion of Nickel and Cobalt. WATER
SCIENCE AND TECHNOLOGY; 1986; 18(4-5): 312-312.
Note: Meeting-Abstract.

Espana, A.; Soria, C.; Alonso, M.L.; Ledo, A.; G~im~raens, D. Chronic Urticaria Af'ter Implantation
of2 Nickel-Con~i»~g Dental Prostheses in a Nickel-Allergic Patient. CONTACT DERjMATITIS; 1989;
21(3): 204-206.
Note: Note.

Essington, M.E. Trace-Element Mineral Transformations Associated with Hydration and Recarbonation
ofRetorted Oil-Shale. ENVIRONMENTAL GEOLOGY AND WATER SCIENCES; 1989; 13(1): 5946.

36



Evans, D.H.; Weingarten, K.E.; Walton, J.S. The Effect of Atropine on Cadmium-Induced and

Nickel-Induced Constriction of Vascular Smooth-Muscle of the Dogfish Shark Ventral Aorta.

TOXICOLOGY; 1990; 62(1): 89-94.
Note: Article.

Everness, K.M.; Botham, P.A.; Hunter, J.A.A.; Gawkrodger, D.J. Nickel Sensitivity and Its Detection

by the Invitro Stimulation ofLymphocytes by Nickel. BRITISH JOURNAL OF DERMATOLOGY; 1988;

118(2): 274-274.
Note: Meeting-Abstract.

Everness, K.M.; Gawkrodger, D.J.; Botham, P.A.; Hunter, J.A.A. The Discrimination Between

Nickel-Sensitive and Non-Nickel-Sensitive Subjects by an Invitro Lymphocyte-Transformation Test.

BRITISH JOURNAL OF DERMATOLOGY; 1990; 122(3): 293-298.

Note: Article.

Evlash, Y.N.; Tikhomirov, O.B. Precipitation of Basic Nickel Carbonate. JOURNAL OF APPLIED

CHEMISTRY OF THE USSR; 1985; 58(11): 2236-2240.

Note: Article.

Falandysz, J. Concentrations of Trace-Metals in Various Tissues of the Squid Loligo-Opalescens and

Their Redistribution After Canning. JOURNAL OF THE SCIENCE OF FOOD AND AGRICULTURE;

1991; 54(1): 79-87.
Note: Article.

Farago, M.E.; Cole, M.M. Nickel and Plants. METAL IONS IN BIOLOGICAL SYSTEMS; 1988; 23:

47-90.
Note: Review.

Farrants, G.; Karlsen, J.; Schuler, B.; Reith, A.; Langard, S. Characterization of the Morphological

Properties ofWelding Fume Particles by Transmission Electron-Microscopy and Digital Image-Analysis.

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION JOURNAL; 1989; 50(9): 473%79.

Fauque, G.; Berlier, Y.; Choi, E.S.; Peck, H.D.; Legall, J.; Lespinat, P.A. The Carbon-Monoxide

Inhibition of the Proton Deuterium-Exchange Activity of Iron, Nickel Iron and Nickel Iron Selenium

Hydrogenases from Desulfovibrio-Vulgaris Hildenborough. BIOCHEMICAL SOCIETY

TRANSACTIONS; 1987; 15(6): 1050-1051.
Note: Meeting-Abstract.

Fauque, G.; Czechowski, M.H.; Legall, J.; Moura, J.J.G. Partial Characterization of a Nickel-3 Iron

Containing Hydrogenase from the Sulfate Reducing Bacterium Desulfovibrio-Thermophilus. RECUEIL

DES TRAVAUX CHIMIQUES DES PAYS-BAS-JOURNAL OF THE ROYAL NETHERLANDS

CHEMICAL SOCIETY; 1987; 106(6-7): 232-232.
Note: Meeting-Abstract.

Fazeli, M.S.; Sathyanarayan, S.; Satish, P.N.; Muthanna, L. Effect of Paper-Mill Effluents on

Accumulation of Heavy-Metals in Coconut Trees Near Nanjangud, Mysore District, Karnataka, India.

37



ENVIRONMENTAL GEOLOGY AND WATER SCIENCES; 1991; 17(1): 47-50.
Note: Article.

Feasby, W.H.; Ecclestone, E.R.; Grainger, R.M. Nickel Sensitivity in Pediatric-Patients. JOURNAL OF
DENTAL RESEARCH; 1986; 65(NSI): 318-318.
Note: Meeting-Abstract.

Fedtsova, V.F.; Suprunenko, V.I.; Postogvard, G.I. Spectrographic Deter ~»&~on of Chromium and
Nickel in Pressed Boron-Carbide (Exchange of Experience). INDUSTRIAL LABORATORY-USSR;
1990; 56(2): 174-175.
Note: Article.

Fergusson, J.E. The Significance of the Variability in Analytical Results for Lead, Copper, Nickel, and
Zinc in Street Dust. CANADIAN JOURNAL OF CHEMISTRY-JOURNAL CANADIEN DE CHIMIE;
1987; 65(5): 1002-1006.
Note: Article.

Fernandez, J.P.; Hildebrand, H.F.; Martin, P.; Veron, C. Nickel Allergy to Dental Prostheses.
CONTACT DERMATITIS; 1986; 14(5): 312-312.
Note: Note.

Fernandez, V.M.; Catnmack, R.; Hatchikian, E.C.; Patil, D.S. ESR-Detectable Nickel and Iron-Sulfur
Centers in Relation to the Reversible Activation ofDesulfovibrioCsigas Hydrogenase. BIOCHIMICA ET
BIOPHYSICA ACTA; 1986; 883(1): 145-154.
Note: Article.

Ferreira, S.L.C. Spectrophotometric Determination of Nickel in Copper-Base Alloy with
2-(2-Thiazolylazo)-Para-Cresol. TALANTA; 1988; 35(6): 485%86.
Note: Note.

Finerty, M.W., Madden, J.D., Feagley, S.E.; Grodner, R.M. Effect of Environs and Seasonality on
Metal Residues in Tissues of Wild and Pond-Raised Crayfish in Southern Louisiana. ARCHIVES OF
ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 19: 94-100.

Finoli, C.; Rondinini, G. Evaluation of Infant Formula Cont~min~tion in Italy. FOOD CHEMISTRY;
1989; 32(1): 1-8.

Finzi, A.F. HLA-A, B, C and Dr antigens in nickel cobalt sensitivity. BRITISH JOURNAL OF
DERMATOLOGY; 1990; 122(3): 309-313.

Firor, R.L. Multielement Detection Using GC-Atomic Emission-Spectroscopy. AMERICAN
LABORATORY; 1989; 21(5): 40.

Fishbein, L. Potential Metal Toxicity from Hazardous-Waste Incineration. TOXICOLOGICAL AND
ENVIRONMENTAL CHEMISTRY; 1989; 18(4): 2$7-309.

Fishbein, L. Trace and Ultra Trace-Elements in Nutrition - An Overview .1. Zinc, Copper, Chromium,
Vanadium and Nickel. TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1987; 14(1-2):



73-99.
Note: Article.

Fisher, A.A. The Dimethylglyoxime Test in the Prevention and Management of Nickel Dermatitis.
CUTIS; 1990; 46(6): 467-468.
Note: Editorial.

Fisher, A.A. Ear Piercing and Sensitivity to Nickel and Gold. JOURNAL OF 'IEE AMERICAN
ACADEMY OF DERMATOLOGY; 1987; 17(5): &53-853.
Note: Letter.

Fisher, A.A. Earrings for Nickel-Sensitive Women - Reply. JOURNAL OF THE AMERICAN
ACADEMY OF DERMATOLOGY; 1987; 16(3): 631431.
Note: Letter.

Fisher, A.A. Hand Dermatitis Resembling Pompholyx in Nickel-Sensitive Patients. CUTIS; 1991; 47(3):
157-158.
Note: Article.

Fisher, A.A. Medico-Legal Aspects of the Use of Stainless-Steel Sutures in Nickel-Sensitive Persons.
CUTIS; 1988; 41(1): 25-26.
Note: Article.

Fisher, A.A. Nickel Dermatitis in Children. CUTIS; 1991; 47(1): 19-21.
Note: Article.

Fisher, A.A. The Safety of Artificial Hip-Replacement in Nickel-Sensitive Patients. CUTIS; 1986; 37(5):
333-333.
Note: Editorial.

Fisher, A.A. Unusual Reactions Associated with Allergic Reactions to Nickel. CUTIS; 1991; 47(2): 86-.
Note: Article.

Fisher, D.J.; Hersh, C.M.; Paulson, R.L.; Burton, D.T.; Hall, L.W. Acute Toxicity of Industrial and
Municipal Effluents in the State of Maryland, USA - Results from One Year of Toxicity Testing.
HYDROBIOLOGIA; 1989; 188(DEC): 641M8.

Fisher, G.L.; Chrisp, C.E.; Mcneill, D.A. Lifetime Effects of Intratracheally Instilled Nickel Subsulfide
on B6C3F1 Mice. ENVIRONMENTAL RESEARCH; 1986; 40(2): 313-320.
Note: Article.

Fleet, M.E. Stoichiometry, Structure and Twinning of Godlevskite and Synthetic Low-Temperature
Ni-Excess Nickel Sulfide. CANADIAN MINERALOGIST; 1988; 26(JUN): 283-291.
Note: Article.

Flynn, G.J.; Sutton, S.R. Synchrotron X-Ray-Fluorescence Analyses of Stratospheric Cosmic Dust - New
Results for Chondritic and Low-Nickel Particles. PROCEEDINGS OF THE LUNAR AND
PLANETARY SCIENCE CONFERENCE; 1990; 20: 335-342.

39



Note: Article.

Forster, H.; Witten, U. Spectroscopic Investigations on Sorption and Oxidation of Carbon-Monoxide in
Transition-Metal Ion-Exchanged Zeolites-A - Studies on Cobalt, Nickel and Copper Forms. ZEOLTKS;
1987; 7(6): 517-521.
Note: Article.

Foulds, G. Nickel. COORDINATION CHEMISTRY REVIEWS; 1987; 80(NOV): 1-129.
Note: Review.

Foulds, G.A. Nickel. COORDINATION CHEMISTRY REVIEWS; 1990; 98(FEB): 1-122.
Note: Review.

Foulkes, E.C.; Mcmullen, D.M. On the Mechanism of Nickel Absorption in the Rat Jejunum.
TOXICOLOGY; 1986; 38(1): 35%2.
Note: Article.

Foust, R.D.; Ambler, J.R.; Turner, L.D. Trace-Element Analysi of Pueblo-II Kayenta Anasazi Sherds.
ADVANCES IN CHEMISTRY SERIES; 1989; 220: 125-143.

Franek, M.; Krivan, V. Trace Characterization ofHigh-Purity Nickel by Instrumental and Radiochemical
Neutron-Activation Analysis. FRESENIUS JOURNAL OF ANALYTICAL CHEMISTRY; 1990; 338(1):
28-33.
Note: Article.

Franz, A.; Burgstaller, W.; Schinner, F. Leaching with Penicillium-Simplicissimum - Influence ofMetals
and Buffers on Proton Extrusion and Citric-Acid Production. APPLIED AND ENVIRONMENTAL
MICROBIOLOGY; 1991; 57(3): 769-774.
Note: Article.

Fredman, S.M. Intracellular Staining of Neurons with Nickel-Lysine. JOURNAL OF NEUROSCIENCE
METHODS; 1987; 20(3): 181-194.
Note: Article.

Freeman, D.H.; Angeles, R.M. Separation and Carbon Isotopic Compositions of Nickel and Vanadium
Porphyrins of the New Albany Shale. ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL
SOCIETY; 1987; 193(APR): 41-.
Note: Meeting-Abstract.

Frevert, T.; Sollmann, C. Heavy-Metals in Lake-Kinneret (Israel) .3. Concentrations ofIron, Manganese,
Nickel, Cobalt, Molybdenum, Zinc, Cadmium, Lead and Copper in Interstitial Water and Sediment Dry
Weights. ARCHIV FUR HYDROBIOLOGIE; 1987; 109(2): 181-205.
Note: Article.

Friedmann, H.C., Klein, A.; bauer, R.K. Structure and function of the nickel porphinoid,
coenzyme-F430, and of its enzyme, methyl coenzyme-M reductase. FEMS MICROBIOLOGY REVIEW;
1990; 87(3A): 339-349.



Fuerstenau, D.W.; Osseoasare, K. Adsorption of Copper, Nickel, and Cobalt by Oxide Adsorbents from

Aqueous Ammoniacal Solutions. JOURNAL OF COLLOID AND INTERFACE SCIENCE; 1987;

118(2): 524-542.
Note: Article.

Fullerton, A.; Andersen, J.R.; Hoelgaard, A.; Menne, T. Permeation of Nickel Salts Through

Human-Skin Invitro. CONTACT DERMATITIS; 1986; 15(3): 173-177.

Note: Article.

Fullerton, A.; Andersen, J.R.; Hoelgaard, A. Permeation of Nickel 'I%rough Human-Skin Invitro - Effect

of Vehicles. BRITISH JOURNAL OF DERMATOLOGY; 1988; 118(4): 509-516.

Note: Article.

Fullerton, A.; Hoelgaard, A. Binding of Nickel to Human-Epidermis Invitro. BRITISH JOURNAL OF

DERMATOLOGY; 1988; 119(5): 675482.
Note: Article.

Fullerton, A.; Hoelgaard, A.; Menne, T. Patch Testing with Nickel Chloride in a Hydrogel. CONTACT

DERMATITIS; 1989; 20(1): 17-20.
Note: Article.

Gabbrielli, R.; Grossi, L.; Vergnano, O. The Effects of Nickel, Calcium and Magnesium on the

Acid-Phosphatase Activity of 2 Alyssum Species. NEW PHYTOLOGIST; 1989; 111(4): 631-636.

Note: Article.

Gabbrielli, R.; Pandolfini, T.; Vergnano, O.; Palandri, M.R. Comparison of 2 Serpentine Species with

Different Nickel Tolerance Strategies. PLANT AND SOIL; 1990; 122(2): 271-277.

Note: Article.

Gadalla, A.M.; Livingston, T.W. Thermal-Behavior of Oxides and Hydroxides of Iron and Nickel.

THERMOCHIMICA ACTA; 1989; 145(JUN): 1-9.

Note: Article.

Gadd, G.M. Heavy metal accumulation by bacteria and other microorganisms. EXPERIENTIA; 1990;

46(8): 834-340.

Gammelgaard, B.; Sandberg, E. Aluminum and Nickel in Human-Albumin Solutions. JOURNAL OF

TRACE ELEMENTS AND ELECTROLYTES IN HEALTH AND DISEASE; 1989; 3(1): 39-42.

Note: Article.

Gammelgaard, B.; Veien, N.K. Nickel in Nails, Hair and Plasma from Nickel-Hypersensitive Women.
ACTA DERMATO-VENEREOLOGICA; 1990; 70(5): 417420.
Note: Article.

Ganguly, P.; Demazeau, G.; Dance, J.M.; Hagenmuller, P. An ESR Investigation of the Electronic
Localization on Nickel (III) in Perovskite-Type Rare-Earth-Nickel Oxides. SOLID STATE
COMMUNICATIONS; 1990; 73(9): 617-622.
Note: Article.

41



Ganor, E.; Gabbay, J.; Foner, H.A.; Brenner, S.; Altshuller, S. Vanadium and Nickel in Dustfall As
Indicators of Power-Plant Pollution. WATER AIR AND SOIL POLLUTION; 1988; 42(3-4): 241-252.
Note: Article.

Garciabravo, B.; Camacho, F.; Rodriguezpichardo, A.; Sanchezpedreno, P. Nickel Sulfate in the
Treatment of Alopecia-Areata. CONTACT DEIMATITIS; 1989; 20(3): 228-229.
Note: Note.

Garrido, G.F.; Lauzon, L.; Lee, R.G.H. Oxygen Enrichment for Accelerated Smelt Reduction of
Nickel-Oxide. CIM BULLETIN; 1987; 80(902): 71-71.
Note: Meeting-Abstract.

Gas, P.; Zaring, C.; Svensson, B.G.; Ostling, M.; Petersson, C.S.; Dheurle, F.M. Isotope-Separation
and Growth Mechanisms of Intermetallic Phases - An Investigation of Nickel Silicides by Secondary Ion
Mass-Spectrometry. JOURNAL OF APPLIED PHYSICS; 1990; 67(5): 2390-2395.
Note: Article.

Gasyna, Z.; Kobayashi, N.; Stillman, M.J. Optical-Absorption and Magnetic Circular-Dichroism Studies
of Hydrogen, Copper(11), Zinc(II), Nickel(II), and Cobalt(H) Crown Ether-Substituted Monomeric and
Dimeric Phthalocyanines. JOURNAL OF THE CHEMICAL SOCIETY-DALTON TRANSACTIONS;
1989; (12): 2397-2405.

Gavrish, S.P.; Lampeka, Y.D. Kinetic Peculiarities of Redox-Reactions of Copper (II, III) and Nickel
(II, III) Complexes with Ligands Containing Amide Groups. DOPOVIDI AKADEMII NAUK
UKRAINSKOI RSR SERIYA B-GEOLOGICHNI KHIMICHNI TA BIOLOGICHNI NAUKI; 1990; (9):
35-38.
Note: Article.

Gawkrodger, D.J.; Buxton, P.K.; Vestey, J.P.; Wong, W.K. Contact Clinic Survey of Nickel-Sensitive
Subjects. CONTACT DERMATITIS; 1986; 14(3): 165-169.
Note: Article.

Gawkrodger, D.J.; Cook, S.W.; Fell, G.S.; Hunter, J.A.A. Nickel Dermatitis - The Reaction to Oral
Nickel Challenge. BRITISH JOURNAL OF DERMATOLOGY; 1986; 115(l): 33-38.
Note: Article.

Gawkrodger, D.J.; Delves, H.T.; Shuttler, I.L. Nickel Dermatitis and Diet - Clinical Improvement and
a Reduction in Blood and Urine Nickel Levels with a Low-Nickel Diet. ACTA
DERMATO-VENEREOLOGICA; 1988; 68(5): 453-455.
Note: Note.

Gawkrodger, D.J.; Hunter, J.A.A.; Mcvittie, E. Immunophenotyping of the Eczematous Flare-Up
Reaction in a Nickel-Sensitive Subject. DERMATOLOGICA; 1987; 175(4): 171-177.
Note: Article.

Geeta, G.S.; Jagadeesh, K.S.; Reddy, T.K.R. Nickel As an Accelerator of Biogas Production in Water
Hyacinth (Eichornia-Crassipes Solms). BIOMASS; 1990; 21(2): 157-161.
Note: Note.

42



Genjatulin, K.V. Controlling chemical and biological water pollution by quantitative biassying. WATER
RESEARCH; 1990; 24(5): 539-541.

Genkin, A.D.; Evstigneeva, T.L. Associations ofPlatinumGroup Minerals of the Norilsk Copper-Nickel
Sulfide Ores. ECONOMIC GEOLOGY; 1986; 81(5): 1203-1212.
Note: Article.

Gerringa, L.J.A. Aerobic degredation of organic matter and the mobBity of Cu, Cd, Ni, Pb, Zn, Fe and
Mn in marine sdiment slurries. MARINE CHEMISTRY; 1990; 29(4): 355-374.

Gerzabek, M.H; Ullah, S.M. Influence of fulvic and humic acids on Cd- and Ni-toxicity to Zea mays.
DIE BODENKULTUR; 1990; 41(2): 115-125.

Gilewiczwolter, J. Studies of the Mechanism of Reaction of Nickel with SO2. OXIDATION OF
METALS; 1988; 29(3Q): 225-238.
Note: Article.

Gimenohernandez, M.C.; Pomares, F.; Delaguardia, M. Some Observations on the Determination of
Total Heavy-Metals in Sewage-Sludge by Atomic-Absorption Spectrophotometry After a Pressurized Acid
Digestion. MICROCHEMICAL JOURNAL; 1990; 42(3): 274-282.
Note: Article.

Giordano, R.; Arata, P.; Ciaralli, L.; Rinaldi, S.; Giani, M.; Cicero, A.M.; Costantini, S. Heavy-Metals
in Mussels and Fish from Italian Coastal Waters. MARINE POLLUTION BULLETIN; 1991; 22(l):
10-14.
Note: Article.

Glasby, G.P.; Moss, R.L.; Stoffers, P. Heavy-metal pollution in Porirua Harbour, New Zealand. N.Z.
J. MAR. FRESHWAT. RES; 1990; 24(2): 233-237.

Goh, C.L.; Gan, S.L.; Kwok, S.F. Cobalt and Nickel Content of Asian Cements. CONTACT
DERMATITIS; 1986; 15(3): 169-172.
Note: Article.

Goh, C.L.; Ng, S.K.; Kwok, S.F. Allergic Contact-Dermatitis from Nickel in Eye-Shadow. CONTACT
DERMATITIS; 1989; 20(5): 380-381.
Note: Note.

Goh, C.L.; Ng, S.K. Nickel Dermatitis Mimicking Sycosis Barbae. CONTACT DERMATITIS; 1987;
16(1): 42%2.
Note: Note.

Gokcay, C.F.; Dilek, F.B. Effects of Nickel, Chromium and Initial Feed Concentration on the Batch
Growth of a Microbial Consortium Developed from Sewage. ENVIRONMENTAL TECHNOLOGY;
1991; 12(1): 1-11.
Note: Article.

Goldberg, M.; Brodeur, J.M.; Chastang, J.F.; Floch, J.J.; Fuhrer, R.; Goldberg, P.; Leclerc, A.;

43



Michel, G.; Segnan, N. Epidemiology of Respiratory Cancers Related to Nickel Mining and Refining in
New-Caledonia (1978-1984). INTERNATIONAL JOURNAL OF CANCER; 1987; 40(3): 300-304.
Note: Article.

Goldstone, M.E., Kirk, P.W.W.; Lester, J.¹ The behaviour of heavy metals during wastewater
treatment. II. Lead, nickel, and zinc. SCIENCE OF THE TOTAL ENVIRONMENT; 1990; 95:
253-270.

Gole, M.J.; Hill, R.E.T.; Barnes, S.J. 'Ihe Geology of the Agnew Nickel Deposit, Western Australia.
CIM BULLETIN; 1989; &2(929): 46-56.
Note: Article.

Gonzales, H.; Torres, I. Heavy metals in sediments around a sewage outfall at Havana, Cuba. MARINE
POLLUTION BULLETIN; 1990; 21(5): 253-255.

Gonzalez, M.C.; Gonzalez, V.; Rodriguez, A.R. Determination of Vanadium, Nickel, Iron, Copper, and
Lead in Petroleum Fractions by Atomic-Absorption Spectrophotometry with a Graphite-Furnace.
MICROCHEMICAL JOURNAL; 1987; 35(1): 94-106.
Note: Article.

Gordon, C.J. Effect of Nickel Chloride on Body-Temperature and Behavioral Thermoregulation in the
Rat. NEUROTOXICOLOGY AND TERATOLOGY; 1989; 11(3): 317-320.
Note: Note.

Gordon, C.J.; Fogelson, L.; Stead, A.G. Temperature Regulation Following Nickel Intoxication in the
Mouse - Effect of Ambient-Temperature. COMPARATIVE BIOCHEMISTRY AND PHYSIOLOGY
C-COMPARATIVE PHARMACOLOGY AND TOXICOLOGY; 1989; 92(1): 73-76.
Note: Article.

Gordon, C.J.; Stead, A.G. Effect of Nickel and Cadmium Chloride on Autonomic and Behavioral
Mermoregulation in Mice. NEUROTOXICOLOGY; 1986; 7(3): 97-106.
Note: Article.

Gorshkov, Y.V.; Krasavin, V.V. X-Ray Spectral-Analysis of Copper Nickel Ores and Dressing Products.
INDUSTRIAL LABORATORY-USSR; 1988; 54(1): 96-98.
Note: Article.

Gottofrey, J.; Tjalve, H.; Borg, K.; Jasim, S. Effect of Potassium Ethylxanthate and Sodium
Diethyldithiocarbamate on the Accumulation and Disposition of Nickel in the Brown Trout
(Salmo-Trutta). PHARMACOLOGY &, TOXICOLOGY; 1988; 63(1): 46-51.
Note: Article.

Goyer, R.A. Transplacental Transport of Toxic Metals and Fetal Effects - Summary of the Symposium
Presented at the 29th Annual-Meeting of the Societycf-Toxicology, February 12-16, 1990, Miami-Beach,
Florida. FUNDAMENTAL AND APPI wD TOXICOLOGY; 1991; 16(1): 14-14.
Note: Editorial.

Gramlich, J.W.; Beary, E.S.; Machlan, L.A.; Barnes, I.L. 'Ihe Absolute Isotopic Composition and



Atomic Weight of Terrestrial Nickel. JOURNAL OF RESEARCH OF THE NATIONAL INSTITUTE
OF STANDARDS AND TECHNOLOGY; 1989; 94(6): 357-362.
Note: Article.

Gramlich, J.W.; Machlan, L.A.; Barnes, I.L.; Paulsen, P.J. Absolute Isotopic Abundance Ratios and
Atomic Weight of a Reference Sample of Nickel. JOURNAL OF RESEARCH OF THE NATIONAL
INSTITUTE OF STANDARDS AND TECHNOLOGY; 1989; 94(6): 347-356.
Note: Article.

Grandjean, P.; Andersen, O.; Nielsen, G.D. Carcinogenicity of Occupational Nickel Exposures - An
Evaluation of the Epidemiological Evidence. AMERICAN JOURNAL OF INDUSTRIAL MEDICINE;
1988; 13(2): 193-209.
Note: Article.

Gray, C.R.W.; Slater, N.G.P.; Smith, J.E. Anticoagulation of Blood by Isosmolar Solutions of Calcium,
Magnesium, Zinc, Nickel and Copper Chlorides. THROMBOSIS AND HAEMOSTASIS; 1989; 62(1):
78-78.
Note: Meeting-Abstract.

Gray, T.A.; Yue, K.T.; Marzilli, L.G. Effect of N-Alkyl Substituents on the DNA-Binding Properties
of Meso-Tetrakis (4-N-Alkylpyridinium-4-Yl) Porphyrins and Their Nickel Derivatives. JOURNAL OF
INORGANIC BIOCHEMISTRY; 1991; 41(3): 205-219.
Note: Article.

Greim, H. Toxicological evaluation of emissions from modern municipal waste incinerators.
CHEMOSPHERE; 1990; 20(3/4): 317-331.

Grenda, S.C. A Quick Test for the Highly Colored Ions of the Aluminum-Nickel Group. JOURNAL OF
CHEMICAL EDUCATION; 1986; 63(8): 720-720.
Note: Article.

Grimsey, E.J. Effect of Temperature on Nickel Solubility in Slag. CIM BULLETIN; 1986; 79(890):
75-75.
Note: Meeting-Abstract.

Grohse, P.M.; Butler, F.E.; Linten, R.W. Speciation of Nickel Emissions from Stationary Sources.
ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1987; 193(APR): 181-.
Note: Meeting-Abstract.

Groves, D.I.; Cowden, A.; Korkiakoski, E.A.; Lesher, C.M.; Mcnaughton, N.J. Thermal Erosion by
Komatiites at Kambalda, Western-Australia and the Genesis of Nickel Ores. NATURE; 1986; 319(6049):
136-139.
Note: Article.

Gunshin, H.; Kato, N.; Ohchi, H. Effects of Dietary Lactose and Calcium Level on Tissue-Levels of
Trace-Elements, Molybdenum, Nickel, Cobalt and Chromium in Rats. NUTRITION REPORTS
INTERNATIONAL; 1988; 37(5): 1021-1026.
Note: Article.



Guo, R.; Lai, E.P.C.; Chen, N.I. Extraction - Photoacoustic Spectroscopic Determination of Antimony,Cadmium, Cobalt, Nickel, Palladium and Thallium. ANALYST; 1988; 113(4): 595-598.
Note: Article.

Gupta, S.K.; Hani, H.; Santschi, E.; Stadelm~~n. F.X. The Effect of Graded Doses of Nickel on theYield, the Nickel Content of Lettuce and the Soil Respiration. TOXICOLOGICAL ANDENVIRONMENTAL CHEMISTRY; 1987; 14(1-2): 1-9.
Note: Article.

Gurley, L.R.; Cox, S.H.; Miglio, J3.; Tobey, R.A.; Valdez, J.G. Biological Availability of NickelArsenides - Cellular-Response to Soluble Ni5As2. JOURNAL OF TOXICOLOGY ANDENVIRONMENTAL HEALTH; 1986; 17(1): 101-117.
Note: Article.

Hajhussein, A.T. High-Performance Liquid-Chromatography ofCopper, Mercury, Nickel, and CadmiumBisdibenzyldithiocarbamate Complexes. ANALYTICAL Lr;i i'd@; 1986; 19(11-1): 1191-1198.Note: Article.

Hajhussein, A.T.; Christian, G.D. Simultaneous Spectrophotometric Determination of Copper, Nickeland Palladium by Flow-Injection Analysis. ANALYST; 1986; 111(1): 65%8.Note: Article.

Haley, P.J.; Benjamin, S.A.; Bice, D.E.; Hahn, F.F.; Muggenburg, B.A. Immunopathologic Effects ofNickel Subsulfide on the Primate Pulmonary Immune-System. TOXICOLOGY AND APPLIEDPHARMACOLOGY; 1987; 88(1): 1-12.
Note: Article.

Haley, PJ.; Benjamin, S.A.; Bice, D.E.; Hahn, F.F.; Muggenburg, B.A. Immunotoxic Effects ofNickelSubsulfide on the Subhuman Primate Pulmonary Immune-System. AMERICAN REVIEW OFRESPIRATORY DISEASE; 1986; 133(4): A358-A358.
Note: Meeting-Abstract.

Haley, P.J.; Shopp, G.M.; Benson, J.M.; Cheng, Y.S.; Bice, D.E.; Luster, M.I.; Dunnick, J.K.; Hobbs,C.H. The Immunotoxicity of 3 Nickel Compounds Following 13-Week Inhalation Exposure in the Mouse.FUNDAMENTAL AND APPLIED TOXICOLOGY; 1990; 15(3): 476-487.
Note: Article.

Hallam, T.J.; Jacob, R.; Merritt, J.E. Nickel Blocks Store Refilling and Stimulated Divalent-Cation Entryin Single Cultured Human Umbilical Vein Endothelial-Cells. JOURNAL OF PHYSIOLOGY-LONDON;1989; 410(MAR): P49-P49.
Note: Meeting-Abstract.

Hamilton, C.L.; Scott, R.A.; Johnson, M.K. The Magnetic and Electronic-Properties ofMethanobacterium-Thermoautotrophicum (Strain-Delta-H) Methyl Coenzyme-M Reductase and Its NickelTetrapyrrole Cofactor-F430 - A Low-Temperature Magnetic Circular-Dichroism Study. JOURNAL OFBIOLOGICAL CHEMISTRY; 1989; 264(20): 1605-1613.
Note: Article.



Hamouda, M.S.; Wilson, J.G. Levels of heavy metals along the Libyan coastline. MARINE
POLLUTION BULLETIN; 1989; 20(12): 621424.

Hanson, R.L.; Benson, J.M.; Carpenter, R.L.; Dunnick, J.K.; Hobbs, C.H. Analysis of Nickel in
Rodent Tissue After Inhalation Exposure to Ni3S2. ABSTRACTS OF PAPERS QF THE AMERICAN
CHEMICAL SOCIETY; 1986; 192(SEP): 12O.
Note: Meeting-Abstract.

Harper, A. Determination of Nickel Tetracarbonyl by Gas-Chromatography. ANALYST; 1991; 116(2):
149-151.
Note: Article.

Harries, C.R.; Scrivens, A.; Rees, J.F.; Sleat, R. Initiation of Methanogenesis in Municipal Solid-Waste
.1. The Effect of Heavy-Metals on the Initiation of Methanogenesis in MSW Leachate.
ENVIRONMENTAL TECHNOLOGY; 1990; 11(12): 1169-1175.
Note: Article.

Harrison, R.M.; Chirgawi, M.B. The Assessment of Air and Soil as Contributors of Some Trace-Metals
to Vegetable Plants. 1. Use of a Filtered Air Growth Cabinet. SCIENCE QF THE TOTAL
ENVIRONMENT; 1989; 83(1-2): 13-34.

Hart, A.C. Nickel-Based Pigments for Electrically Conductive Paints. JOURNAL OF THE OIL &
COLOUR CHEMISTS ASSOCIATION; 1989; 72(3): 95-.
Note: Article.

Hartwig, A.; Beyersmann, D. Enhancement of UV and Chromate Mutagenesis by Nickel Ions in the
Chinese-Hamster Hgprt Assay. TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1987;
14(1-2): 3342.
Note: Article.

Hartwig, A.; Beyersmann, D. Enhancement ofUV-Induced Mutagenesis and Sister-Chromatid Exchanges
by Nickel Ions in V79-Cells - Evidence for Inhibition of DNA-Repair. MUTATION RESEARCH; 1989;
217(1): 65-73.
Note: Article.

Hartwig, A.; Schlepegrell, R.; Beyersmann, D. Genotoxicity and Inhibition of DNA-Repair by
Compounds of Chromium, Nickel, Lead and Cadmium. MUTATION RESEARCH; 1990; 234(6):
.382-383.
Note: Meeting-Abstract.

Hartzell, P.L.; Wolfe, R.S. Requirement of the Nickel Tetrapyrrole-F-430 for Invitro Methanogenesis
- Reconstitution of Methylreductase Component-C from Its Dissociated Subunits. PROCEEDINGS OF
THE NATIONAL ACADEMY OF SCIENCES QF THE UNITED STATES OF AMERICA; 1986;
83(18): 67264730.
Note: Article.

Hassan, R.M.; Hassan, A.; Wahdan, M.H. Kinetics and Mechanism of Sol-Gel Transformation on
Poly-Electrolytes of Nickel Alginate Ionotropic Membranes. EUROPEAN POLYMER JOURNAL; 1988;

47



24(3): 281-283.
Note: Article.

Hatchikian, C.E.; Traore, A.S.; Fernandez, V.M.; Cam~~ck, R. Characterization of the Nickel-IronPeriplasmic Hydrogenase from Desulfovibrio-Fructosovorans. EUROPEAN JOURNAL OFBIOCHEMISTRY; 1990; 187(3): 635M3.
Note: Article.

Haugen, A.; Hansteen, I.L.; Ryberg, D.; Dalen, H. Transformation of Human-Kidney Epithelial-Cellsto Tumorigenicity by Nickel(II) and V-Ha-RAS Oncogene. BIOLOGICAL TRACE ELEMENTRESEARCH; 1989; 21(JUL-): 451&58.

Hausinger, R.P. Nickel Utilization by Microorganisms. MICROBIOLOGICAL REVIEWS; 1987; 51(1):22%2.
Note: Review.

Hausinger, R.P. Purification of a Nickel-Containing Urease from the Rumen AnaerobeSelenomonas-Ruminantium. JOURNAL OF BIOLOGICAL CHEMISTRY; 1986; 261(17): 7866-7870.Note: Article.

Hawtin, P.R.; Delves, H.T.; Newell, D.G. The Demonstration of Nickel in the Urease ofHelicobacter-Pylori by Atomic-Absorption Spectroscopy. FEMS MICROBIOLOGY Li. t i'MRS; 1991;77(1): 51-54.
Note: Article.

He, S.H.; Huynh, B.H.; Teixeira, M.; Dervartanian, D.V.; Legall, J.; Moura, J.J.G.; Moura, I.; Patil,D.S.; Peck, H.D. EPR Studies with Se-77-Enriched (Nifese) Hydrogenase of Desulfovibrio-Baculatus- Evidence for a Selenium Ligand to the Active-Site Nickel. JOURNAL OF BIOLOGICALCHEMISTRY; 1989; 264(5): 2678-2682.
Note: Article.

Heclanann, Ch. W. The fate of aquatic and wetland habitates in an industrially contaminated section ofthe Elbe floodplain in Hamburg. ARCHIVES HYDROBIOLOGIA; 1990; 75(2): 133-250.

Heft, R.E. Atmospheric Behavior ofTrace-Elements on Particles Emitted from a Coal-Fired Power-Plant.ATMOSPHERIC ENVIRONMENT; 1989; 23(10): 2193-2204.

Hegyi, E.; Gasparik, J. The Nickel Content of Metallic Threads in an Indian Shawl. CONTACTDERMATITIS; 1989; 21(2): 107-107.
Note: Note.

Heikal, M.M.D.; Herman, D.; Berry, W.L.; Wallace, A. Alleviation of Nickel Toxicity by CalciumSalinity. SOIL SCIENCE; 1989; 147(6): 413%15.
Note: Article.

Heikal, M.M.D.; Wallace, A.; Berry, W.L. Interactions in Plant-Growth Response Between the OsmoticEffect ofSodium-Chloride and High-Concentration of the Trace-Element Nickel. SOIL SCIENCE; 1989;147(6): 422-425.

48



Note: Article.

Heinrich, G. On the Utilization of Nickel Smelter Slags. CIM BULLETIN; 1989; 82(921): 87-91.
Note: Article.

Heliovaara, K.; Vaisanen, R. Concentrations of heavy metals in the food, faeces, adults, and empty
cocoons of Neodiprion sertifer (Hymenoptera, Diprionidae). BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1990; 45: 13-18.

Hellstromlindahl, E.; Oskarsson, A. Cellular-Response After Mobilization of Metals by
Diethyldithiocarbamate in Rat Hepatocyte Cultures. TOXICOLOGY; 1990; 65(1-2): 23-32.
Note: Article.

Hem, J.D.; Lind, C.J.; Roberson, C.E. Coprecipitation and Redox Reactions of Manganese Oxides with
Copper and Nickel. GEOCHIMICA ET COSMOCHIMICA ACTA; 1989; 53(11): 2811-2822.
Note: Article.

Hemingway, J.D.; Molokhia, M.M. The Dissolution of Metallic Nickel in Artificial Sweat. CONTACT
DERMATITIS; 1987; 16(2): 99-105.
Note: Article.

Hendrikse, P.W.; Slikkerveer, F.J.; Hautfenne, A.; Zaalberg, J. Determination of Copper, Iron and
Nickel in Oils and Fats by Direct Graphite-Furnace Atomic-Absorption Spectrometry - Results of a
Collaborative Study and the Standardized Method. PURE AND APPLIED CHEMISTRY; 1988; 60(6):
893-900.
Note: Article.

Henningsen, M.C.; Jeropoulos, S.; Smith, E.H. Nickel-Mediated Elimination of Hydrogen Halide from
Primary and Secondary Alkyl Bromides and Iodides - Synthetic Aspects. JOURNAL OF ORGANIC
CHEMISTRY; 1989; 54(13): 3015-3018.
Note: Article.

Hicks, R.; Caldas, L.Q.A. Immunological-Unresponsiveness to Chromium or Nickel in the Guinea-Pig
Induced by Stainless-Steel Welding Fume Components. ARCHIVES OF TOXICOLOGY; 1986; (S9):
421422.
Note: Article.

Hildebrand, H.F.; Martin, P.; Veron, C. Nickel, Chromium, Cobalt Dental Alloys and Allergic
Reactions - An Overview. BIOMATERIALS; 1989; 10(8): 545-548.
Note: Article.

Hilmy, A.M.; Eldomiaty, N.A.; Daabees, A.Y.; Awadallah, A.M.; Abutaleb, E.M. Therapeutic
Effectiveness of 2,3,2 Tet, Cyclam and EDTA in Toads Exposed to Lethal Doses of Nickel and Cobalt.
COMPARATIVE BIOCHEMISTRY AND PHYSIOLOGY CCOMPARATIVE PHARMACOLOGY
AND TOXICOLOGY; 1990; 95(1): 79-83.
Note: Article.

Hiraide, M.; Chen, Z.S.; Kawaguchi, H. Coprecipitation of Traces of Heavy-Metals with Indium



Hydroxide for Graphite-Furnace Atomic-Absorption Spectrometry. ANALYTICAL SCIENCES; 1991;
7(1): 65-68.
Note: Article.

Hirata, S.; Honda, K.; Kumamaru, T. Determi»&ion ofTrace Amounts of Nickel and Cobalt by Column
Preconcentration/AAS. BUNSEKI KAGAKU; 1987; 36(11): 678482.
Note: Article.

Ho, K.C. Electrochemical Precipitation of Nickel-Hydroxide. JOURNAL OF THE
ELECTROCHEMICAL SOt;lb~; 1987; 134(2): C52-C55.
Note: Note.

Ho, V.C.; Johnston, M.M. Nickel Dermatitis in Infants. CONTACT DERMATITIS; 1986; 15(5):270-273.
Note: Article.

Ho, Y.B. Metals in Ulva lactuca in Hong Kong intertidal waters. BULLETIN OF MARINE SCIENCE;
1990; 47(1): 79-85.
Note: (Third International Symposium on Marine Biogeography and Evolution in the Pacific: ConferenceDates- 26 June to 3 July '88).

Ho, Y.B. Ulva lactuca as bioindicator of metal contamin~&ion in intertidal waters in Hong Kong.HYDROBIOLOGIA; 1990; 203: 73-81.

Holm, R.H. Nickel and Iron-Sulf'ur Chemistry Related to Proteins and Enzymes. ABSTRACTS OFPAPERS GF 'HiE AMERICAN CHEMICAL SOt STY; 1990; 199(APR): 20-.
Note: Meeting-Abstract.

Holmen, A.; Lindvag, O.A. Coke Formation on Nickel~omium-Iron Alloys. JOURNAL OFMATERIALS SCIENCE; 1987; 22(12): 4518-4522.
Note: Article.

Holovack, M.J.; Murthy, R.C. Changes in Rat Lungs Exposed to Combinations of Cadmium, Zinc,Nickel and Copper. JOURNAL OF THE AMERICAN COLLEGE OF TOXICOLOGY; 1986; 5(6):602M2.
Note: Meeting-Abstract.

Hoist, M.; Nordlind, K. Phosphorylation of Nuclear Proteins of Peripheral-Blood Lymphocytes-TActivated by Nickel Sulfate and Mercuric-Chloride. INTEIPfATIONAL ARCHIVES OF A& &-&RGYAND APPLIED IMMUNOLOGY; 1988; 85(3): 337-340.
Note: Article.

Hong, H.; Lin, J. Preliminary study on the distribution of nutrients, organic matter, trace metals in seasurface microlayer in Xiamen Bay and Jiulong Estuary. ACTA OCEANOLOGICA SINICA; 1990; 9(1):81-90.

Hongo, T.; Inaoka, T.; Kawabe, T.; Akimichi, T.; Suzuki, T.; Ohtsuka, R. Compositional Characterof Papuan Foods. ECOLOGY OF FOOD AND NUTRITION; 1989; 23(1): 39-56.

50



Hono, K.; Iwata, T.; Pickering, H.W.; Sakurai, T. A Field-Ion Microscopy Study of Nickel-Oxide.
SURFACE SCIENCE; 1989; 209(1-2): L109-L117.
Note: Letter.

Hopfer, S.M.; Fay, W.P.; Sunderman, F.W. Nickel Concentrations in Body-Fluids of Healthy-Adults
and Hemodialysis-Patients in Sudbury, Ontario. ANNALS OF CLINICAL AND LABORATORY
SCIENCE; 1987; 17(4): 274-275.
Note: Meeting-Abstract.

Hopfer, S.M.; Leach, C.A.; Sunderman, F.W. Thermoregulatory Impairment in Nickel-Treated Rats.
ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1988; 18(5): 417%18.
Note: Meeting-Abstract.

Hopfer, S.M.; Linden, J.V.; Obrien, J.E.; Rezuke, W.N.; Smith, L.; Sunderman, F.W.; Watters, F.
Increased Nickel Concentrations in Body-Fluids of Alcoholic Subjects During Disulfiram Therapy.
ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1986; 16(4): 326-327.
Note: Meeting-Abstract.

Hopfer, S.M.; Linden, J.V.; Obrien, J.E.; Rezuke, W.N.; Smith, L.; Sunderman, F.W.; Watters, F.
Increased Nickel Concentrations in Body-Fluids of Patients with Chronic-Alcoholism During Disulfiram
Therapy. RESEARCH COMMUNICATIONS IN CHEMICAL PATHOLOGY AND
PHARMACOLOGY; 1987; 55(1): 101-109.
Note: Article.

Hopfer, S.M.; Sunderman, F.W. Hypothermia and Deranged Circadian-Rhythm of Core
Body-Temperature in Nickel Chloride-Treated Rats. RESEARCH COMMUNICATIONS IN CHEMICAL
PATHOLOGY AND PHARMACOLOGY; 1988; 62(3): 495-505.
Note: Article.

Hopfer, S.M.; Sunderman, F.W.; Fay, W.P. Serum Nickel Concentrations in Hemodialysis-Patients with
Environmental Exposure. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1989; 19(3):
161-167.

Hornhardt, S.; Schneider, K.; Friedrich, B.; Vogt, B.; Schlegel, H.G. Identification of Distinct
NAD-Linked Hydrogenase Protein Species in Mutants and Nickel-Deficient Wild-Type Cells of
Alcaligenes-Eutrophus H16. EUROPEAN JOURNAL OF BIOCHEMISTRY; 1990; 189(3): 529-537.
Note: Article.

Horst, H.; Hein, A.; Sauerbeck, D.; Brune, H. Estimation of Plant Available Nickel Concentrations.
LANDWIRTSCHAFTLICHE FORSCHUNG; 1988; 41(3P): 286-296.
Note: Article.

Hosokawa, S.; Nishitani, H.; Sawanishi, K.; Tomoyoshi, T.; Umemura, K.; Yoshida, O. Serum and
Corpuscular Nickel and Zinc in Chronic-Hemodialysis Patients. NEPHRON; 1987; 45(2): 151-153.
Note: Article.

Hosokawa, S.; Nishitani, H. Serum Nickel Concentration in Chronic-Hemodialysis Patients.
INTERNATIONAL JOURNAL OF ARTIFICIAL ORGANS; 1985; 8(5): 245-248.

51



Note: Editorial.

Hsu, Y.S.; Wu, J.K. Effect of Chloride-Ions on the Corrosion Behavior of Nickel. JOURNAL OFMATERIALS SCIENCE Let I'MRS; 1987; 6(11): 1246-1250.
Note: Article.

Huang, D.G.; Liang, D.C.; Blades, M.W. Capacitively Coupled Plasma Detector forGas-Chromatography. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY; 1989; 4(8):789-791.

Huang, T.C.; Lin, Y.K.; Chen, C.Y. Selective Separation of Nickel and Copper from a ComplexingSolution by a Cation-Exchange Membrane. JOURNAL OF MEMBRANE SCIENCE; 1988; 37(2):131-144.
Note: Article.

Huber, H.; Stetter, K.O. Thiobacillus cuprinus sp. nov., a novel facultatively organotrophicmetal-mobilizing bacterium. APPLIED AND ENVIRONMENTAL MICROBIOLOGY; 1990; 56(2):315-322.

Hudson, D.R. Platinum-Group Minerals from the Kambalda Nickel Deposits, Western-Australia.ECONOMIC GEOLOGY; 1986; 81(5): 1218-1225.
Note: Article.

Hui, B.S.; Huber, C.O. Temperature Effects on Amperometric Detection at Nickel-Oxide Electrodes inFlow-Injection Systems. ANALYTICA CHIMICA ACTA; 1987; 197(JUN): 361-365.Note: Note.

Huynhngoc, L.; Whitehead, N.E.; Calmet, D.; Boussemart, M. Dissolved Nickel and Cobalt in theAquatic Environment Around Monaco. MARINE CHEMISTRY; 1989; 26(2): 119-132.Note: Article.

Hyman, M.R.; Arp, D.J. Kinetic-Analysis of the Interaction of Nitric-Oxide with theMembrane-Associated, Nickel and Iron-Sulfur-Containing Hydrogenase from Azotobacter-Vinelandii.BIOCHIMICA ET BIOPHYSICA ACTA; 1991; 1076(2): 165-172.Note: Article.

Ilback, N.G.; Fohlman, J.; Friman, G. Immune Suppressive Effects ofNickel Potentiate the Developmentof Inflammatory Lesions in Viral Myocarditis. CLINICAL RESEARCH; 1990; 38(2): A548-A548.Note: Meeting-Abstract.

Imbra, R.J.; Costa, M.; Latta, D.M. Studies on the Mechanism of Nickel-Induced HeterochromatinDamage - Effect on Specific DNA-Protein Interactions. TOXICOLOGICAL AND ENVIRONMENTALCHEMISTRY; 1989; 22(1Q): 167-179.
Note: Article.

Imbra, R.J.; Wang, X.W.; Costa, M. Characterization of a Nickel Resistant Mouse-Cell Line.BIOLOGICAL TRACE ELEMENT RESEARCH; 1989; 21(JUL-): 97-103.Note: Article.

52



Irodova, A.V.; Glazkov, V.P.; Somenkov, V.A.; Antonov, V.E.; Shilshtein, S.S.; Ponyatovskii, E.G.
Neutron-Diffraction Investigation of Molybdenum, Rhodium and Nickel Hydrides Structure.
KRISTALLOGRAFIYA; 1988; 33(3): 769-771.
Note: Note.

Ishii, N.; Ishii, H.; Ono, H.; Horiuchi, Y.; Nakajima, H.; Aoki, I. Genetic-Control of Nickel Sulfate
Delayed-Type Hypersensitivity. JOURNAL OF INVESTIGATIVE DERMATOLOGY; 1990; 94(5):
673476.
Note: Article.

Ishmiyarova, G.R.; Sedykh, E.M.; Shcherbinina, N.I.; Vulfson, E.K.; Myasoedova, G.V. Sorption
Preconcentration of Copper, Lead, Cobalt, Nickel, and Cadmium from Sea-Water and Their
Electrothermal Atomic-Absorption Determination in the Sorbent Suspension. JOURNAL OF
ANALYTICAL CHEMISTRY OF THE USSR; 1988; 43(11): 1603-1608.
Note: Article.

Ismail, P.; Samin, K.

Iuliano, M.; Porto, R.; Vasca, E. Chloride Complexes of Copper(II) and Nickel(II) Ions in 6M Naclo4.
ANNALI DI CHIMICA; 1989; 79(9-10): 439-454.

Jackson, S.E.; Fryer, B.J.; Gosse, W.; Healey, D.C.; Longerich, H.P.; Strong, D.F. Determination of
the Precious Metals in Geological-Materials by Inductively Coupled Plasma Mass-Spectrometry (ICP-MS)
with Nickel Sulfide Fire-Assay Collection and Tellurium Coprecipitation. CHEMICAL GEOLOGY;
1990; 83(1-2): 119-132.
Note: Article.

Jagadeesh, K.B.; Shaffi, S.A. Nickel Nitrate Induced Changes in Visceral Hexokinase Activity of Three
Freshwater Teleosts. ACTA HYDRIOCHIMICA AND HYDROBIOLOGIA; 1990; 18(4): 491-495.

Jaganathan, J.; Ewing, K.; Aggarwal, I. Determination of Iron, Cobalt, Nickel, and Copper in
Lanthanum Nitrate by Graphite-Furnace Atomic-Absorption Spectrometry. ATOMIC SPECTROSCOPY;
1988; 9(5): 166-168.
Note: Article.

Jaganathan, J.; Ewing, K.J.; Buckley, E.A.; Peitersen, L.; Aggarwal, I.D. Quantitative-Determination
of Nickel and Copper in Zirconium Fluoride Using Graphite-Furnace Atomic-Absorption
Spectrophotometry. MICROCHEMICAL JOURNAL; 1990; 41(1): 106-112.
Note: Article.

Jain, S.K., Gujral, G.S., Jha, N.K.; Vasudevan, P.

Japenga, J.; Zschuppe, K.H.; Degroot, A.J.; Salomons, W. Heavy-Metals and Organic Micropollutants
in Floodplains of the River Waal, a Distributary of the River Rhine, 1958-1981. NETHERLANDS
JOURNAL OF AGRICULTURAL SCIENCE; 1990; 38(3): 381-397.
Note: Article.

Jaramillo, A.; Sonnenfeld, G. Effects of Amorphous and Crystalline Nickel Sulfide on Induction of

53



Interferons-Alpha/Beta and Interferon-Gamma and Interleukin-2. ENVIRONMENTAL RESEARCH;
1989; 48(2): 275-286.
Note: Article.

Jarosz, M. Selective Spectrophotometric Determi»&ion of Nickel with 5-Br-Padap After Extractive
Separation As Dimethylglyoximate. CHEMIA ANALITYCZNA; 1986; 31(54): 719-723.
Note: Article.

Jasim, S.; Tjalve, H. Effect of Zinc Pyridinethione on the Tissue Disposition of Nickel and Cadmium
in Mice. ACTA PHARMACOLOGICA ET TOXICOLOGICA; 1986; 59(3): 204-208.
Note: Article.

Jasim, S.; Tjalve, H. Effect of Sodium Pyridinethione on the Uptake and Distribution of Nickel,
Cadmium and Zinc in Pregnant and Non-Pregnant Mice. TOXICOLOGY; 1986; 38(3): 327-350.
Note: Article.

Jasim, S.; Tjalve, H. Mobilization of Nickel by Potassium Ethylxanthate in Mice - Comparison with
Sodium Diethyldithiocarbamate and Effect of Intravenous Versus Oral-Administration. TOXICOLOGYLa t

&GARS;

1986; 31(3): 249-255.
Note: Article.

Jaun, B. Coenzyme F430 from Methanogenic Bacteria: Oxidation of F430 Pentamethyl Ester to the
Ni(111) Form. HELVITICA CHIMICA ACTA; 1990; 73(8): 2209-221&.

Jellinek, J.; Garzon, I.L. Dynamics and Structure of Nickel Clusters. ABSTRACTS OF PAPERS OFTHE AMERICAN CHEMICAL SOCIETY; 1990; 199(APR): 30-.
Note: Meeting-Abstract.

Jiang, H.; Guo, B.; Yang, S. Fundamental-Studies on Nickel Metallurgy. JOURNAL OF METALS;
1988; 40(11): 50-50.
Note: Meeting-Abstract.

Jickells, T.D.; Burton, J.D. Cobalt, Copper, Manganese and Nickel in the Sargasso Sea. MARINE
CHEMISTRY; 1988; 23(1-2): 131-144.
Note: Article.

Johansson, A.; Camner, P.; Curstedt, T.; Robertson, B. Lung Lesions After Experimental Combined
Exposure to Nickel and Trivalent Chromium. ENVIRONMENTAL RESEARCH; 1989; 50(1): 103-119.
Note: Article.

Johansson, A.; Camner, P.; Jarstrand, C.; Lundborg, M.; Skog, S. Lysozyme Activity inUltrastructurally Defined Fractions of Alveolar Macrophages After Inhalation Exposure to Nickel.
BRITISH JOURNAL OF INDUSTIUAL MEDICINE; 1987; 44(1): 47-52.
Note: Article.

Johansson, A.; Curstedt, T.; Camner, P. Lung Lesions After Combined Inhalation of Cobalt and Nickel.
ENVIRONMENTAL RESEARCH; 1991; 54(1): 24-38.
Note: Article.



Johansson, A.; Jarstrand, C.; Curstedt, T.; Robertson, B.; Camner, P. Effects on the Rabbit Lung of
Combined Exposure to Nickel and Trivalent Chromium. JOURNAL OF AEROSOL SCIENCE; 1988;

19(7): 1075-1078.
Note: Article.

Johansson, A.; Lundborg, M.; Jarstrand, C.; Camner, P.; Wiernik, A. Alveolar Macrophages in Rabbits
After Combined Exposure to Nickel and Trivalent Chromium. ENVIRONMENTAL RESEARCH; 1988;
46(2): 120-132.
Note: Article.

Johansson, B.I.; Lucas, L.C.; Lemons, J.E. Corrosion of Copper, Nickel, and Gold Dental Casting
Alloys - An Invitro and Invivo Study. JOURNAL OF BIOMEDICAL MATERIALS
RESEARCH-APPLIED BIOMATERIALS; 1989; 23(NA3): 349-361.
Note: Article.

Johanssen, F.R. Risk assessment ofcarcinogenic and noncarcinogenic compounds. CRITICAL REVIEWS
IN TOXICOLOGY; 1990; 20(5): 341-361.

Johnson, J.D., Houchens, D.P., Kluwe, W.M., Craig, D.K.; Fisher, G.L. Effects of mainstream and
environmental tobacco smoke on the immune system in animals and humans: a review. CRITICAL
REVIEWS IN TOXICOLOGY; 1990; 20(5): 369-391.

Johnson, M.K. The Bioinorganic Chemistry of Nickel, by J.R. Lancaster. SCIENCE; 1989; 244(4904):
591-591.
Note: Book-Review.

Johnston, C.; Graves, P.R. Insitu Raman-Spectroscopy Study of the Nickel Oxyhydroxide Electrode
(Noe) System. APPLIED SPECTROSCOPY; 1990; 44(1): 105-115.
Note: Article.

Joho, M.; Imada, Y.; Tohoyama, H.; Murayama, T. Changes in the Amino-Acid Pool in a
Nickel-Resistant Strain of Saccharomyces-Cerevisiae. FEMS MICROBIOLOGY La t t MRS; 1988; 55(2):
137-140.
Note: Article.

Joho, M.; Inouhe, M.; Tohoyama, H.; Murayama, T. A Possible Role of Histidine in a Nickel Resistant
Mechanism ofSaccharomyces-Cerevisiae. FEMS MICROBIOLOGY LhTl MRS; 1990; 66(1-3): 333-338,
Note: Article.

Jonasson, R.G.; Mcandrew, J.I.; Mcnutt, R.H. Plasma Diagnostics for ICP/MS and ICP/AES Using a
Phototransistor in the Near IR. CANADIAN JOURNAL OF SPECTROSCOPY; 1990; 35(1): 1%.

Jones, M.D.; Browning, M.H.R.; Hutchinson, T.C. The Influence of Mycorrhizal Associations on Paper
Birch and Jack Pine-Seedlings When Exposed to Elevated Copper, Nickel or Aluminum. WATER AIR
AND SOIL POLLUTION; 1986; 31(1-2): 441-448.
Note: Article.

Jones, M.D.; Hutchinson, T.C. The Effect of Mycorrhizal Infection on the Response of Betula-Papyrifera

55



to Nickel and Copper. NEW PHYTOLOGIST; 1986; 102(3): 429442.
Note: Article.

Jones, M.D.; Hutchinson, T.C. The Effects of Nickel and Copper on the Axenic Growth of
Ectomycorrhizal Fungi. CANADIAN JOURNAL OF BOTANY-JOURNAL CANADIEN DE
BOTANIQUE; 1988; 66(1): 119-124.
Note: Article.

Jones, M.D.; Hutchinson, T.C. Nickel Toxicity in Mycorrhizal Birch Seedlings Infected with
Lactarius-Rufus or Scleroderma-Flavidum .I. Effects on Growth, Photosynthesis, Respiration and
Transpiration. NEW PHYTOLOGIST; 1988; 108(4): 451%59.
Note: Article.

Jones, M.D.; Hutchinson, T.C. Nickel Toxicity in Mycorrhizal Birch Seedlings Infected with
Lactarius-Rufus or Scleroderma-Flavidum .II. Uptake of nickel, calcium, magnesium, phosphorus and
iron. NEW PHYTOLOGIST; 1988; 108(4): 461%70.
Note: Article.

Jones, T.K.; Hansen, C.A.; Kessler, H.P.; Singer, M.T. Dental Implications of Nickel Hypersensitivity.
JOURNAL OF PROSTHETIC DENTISTRY; 1986; 56(4): 507-509.
Note: Article.

Jorhem, L.; Sundstrom, B.; Astrand, C.; Haegglund, G. The Levels of Zinc, Copper, Manganese,
Selenium, Chromium, Nickel, Cobalt, and Aluminum in the Meat, Liver and Kidney of Swedish Pigs
and Cattle. ZEITSCHRIFT FUR LEBENSMt l l hL-UNTERSUCHUNG UND-FORSCHUNG; 1989;
188(1): 39-44.
Note: Article.

Judde, J.G.; Breillout, F.; Clemenceau, C.; Jasmin, C.; Poupon, M.F. Inhibition of Rat Natural-Killer
Cell-Function by Carcinogenic Nickel Compounds - Preventive Action of Manganese. JOURNAL OF
THE NATIONAL CANCER INSTITUTE; 1987; 78(6): 1185-1190.
Note: Article.

Judde, J.G.; Breillout, F.; Clemenceau, C.; Jasmin, C.; Poupon, M.F. Variations of NK Activity in Rats
Undergoing Nickel Carcinogenesis. BULLETIN DU CANCER; 1986; 73(2): 220-221.
Note: Meeting-Abstract.

Kadish, K.M.; Franzen, M.M.; Han, B.C.; Araullomcadams, C.; Sazou, D. Factors Determining the
Site of Electroreduction in Nickel Metalloporphyrins - Spectral Characterization of Ni(1) Porphyrins,
Ni(II) Porphyrin Pi-Anion Radicals, and Ni(II) Porphyrin Pi-Anion Radicals with Some Ni(1) Character.
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1991; 113(2): 512-517.
Note: Article.

Kaiura, G.H.; Celmer, R.S.; Toguri, J.M. Chemical-Reactions During the Electric Smelting of
Nickel-Copper Calcines. CIM BULLETIN; 1986; 79(890): 71-71.
Note: Meeting-Abstract.

Kaldor, J.; Doll, R.; Easton, D.; Hermon, C.; Morgan, L.; Peto, J. Models for Respiratory Cancer in

56



Nickel Refinery Workers. JOURNAL OF THE NATIONAL CANCER INSTITUTE; 1986; 77(4):

841-848.
Note: Article.

Kalimo, K.; Jansen, C.T.; Lammintausta, K.; Viander, M. PUVA Treatment of Nickel

Contact-Dermatitis - Effect on Dermatitis, Patch Test Sensitivity, and Lymphocyte-Transformation

Reactivity. PHOTODERMATOLOGY; 1989; 6(1): 16-19.

Note: Article.

Kaplan, B.Y. Lower Limit of the Interval of Measurable Contents for a Lognormal-Distribution of
Analysis Results. JOURNAL OF ANALYTICAL CHEMISTRY OF THE USSR; 1989; 44(1): 144-145.

Kaplin, A.A.; Mikhailova, Z.S.; Rud, N.T.; Zaichko, L.F. Analyzing for Traces of Nickel, Cobalt, and

Iron in Fluoride Powders and Films by Inversion Voltammetry. INDUSTRIAL LABORATORY-USSR;

1986; 52(5): 392-395.
Note: Article.

Kapsenberg, M.L.; Bos, J.D.; Schootemeijer, A. Direct Stimulation of Disease-Specific T Lymphocytes

in Allergic Nickel-Contact Dermatitis in Man. JOURNAL OF INVESTIGATIVE DERMATOLOGY;

1987; 89(3): 315-315.
Note: Meeting-Abstract.

Kapsenberg, M.L.; Bos, J.D.; Res, P.; Schootemijer, A.; Teunissen, M.B.M.; Vanschooten, W.

Nickel-Specific Lymphocyte-T Clones Derived from Allergic Nickel-Contact-Dermatitis Lesions in Man
- Heterogeneity Based on Requirement of Dendritic Antigen-Presenting Cell Subsets. EUROPEAN

JOURNAL OF IMMUNOLOGY; 1987; 17(6): 861-865.
Note: Article.

Kapsenberg, M.L.; Schootemeijer, A.; Vanderpouwkraan, T.; Stiekema, F.E.; Bos, J.D. Direct and

Indirect Nickel-Specific Stimulation of Lymphocytes-T from Patients with Allergic Contact-Dermatitis

to Nickel. EUROPEAN JOURNAL OF IMMUNOLOGY; 1988; 18(7): 977-982.

Note: Article.

Kapustka, LA.; Bollman, M.A.; Baune, W.K. Metals testing report: Metal content of environmental

samples from Region 4.; 1989; ISSN: PB90-187105/GAR.
Note: 16 pp.

Kara, A.; Depristo, A.E. On the Concept and Distribution of Reactive Sites in Dissociative

Chemisorption. JOURNAL OF CHEMICAL PHYSICS; 1990; 92(9): 5653-5660.

Karttunen, R.; Karvonen, J.; Juutinen, K.; Ekre, H.P.T.; Andersson, G.; Silvennoinenkassinen, S.

Nickel Antigen Induces IL-2 Secretion and IL-2 Receptor Expression Mainly on Cd4+ T-Cells, But No

Measurable Gamma Interferon Secretion in Peripheral-Blood Mononuclear Cell-Cultures in Delayed-Type

Hypersensitivity to Nickel. CLINICAL AND EXPERIMENTAL IMMUNOLOGY; 1988; 74(3): 387-391.

Note: Article.

Kasan, H.C.; Baecker, A.A.W. Activated-Sludge Treatment of Coal-Gasification Effluent in a

Petrochemical Plant. 2. Metal Accumulation by Heterotrophic Bacteria. WATER SCIENCE AND

57



TECHNOLOGY; 1989; 21(4-5): 297-303.

Kasan, H.C.; Stegmann, P. Bacterial Biabsorption of Nickel from Industrial Cooling Water.
ENVIRONMENTAL POLLUTION; 1987; 48(4): 311-319.
Note: Article.

Kasprzak, K.S. Effect of Zinc on Nickel Carcinogenesis in Fischer Rats. PROCEEDINGS OF THE
AMERICAN ASSOCIATION OF CANCER RESEARCH; 1987; 28(MAR): 148-148.
Note: Meeting-Abstract.

Kasprzak, K.S.; Bare, R. Invitro Polymerization of Histones by Carcinogenic Nickel Compounds.
PROCEEDINGS OF THE AMERICAN ASSOCIATION OF CANCER RESEARCH; 1988; 29(MAR):
151-151.
Note: Meeting-Abstract.

Kasprzak, K.S.; Bare, R.M. Invitro Polymerization of Histones by Carcinogenic Nickel Compounds.
CARCINOGENESIS; 1989; 10(3): 621424.
Note: Note.

Kasprzak, K.S.; Denn, A.C.; Poirier, L.A.; Reichardt, D.A.; Reynolds, C.W.; Ward, J.M. Nickel
Magnesium Interactions in Carcinogenesis - Dose Effects and Involement of Natural-Killer Cells.
CARCINOGENESIS; 1987; 8(7): 1005-1011.
Note: Article.

Kasprzak, K.S.; Diwan, B.A.; Konishi, N.; Misra, M.; Rice, J.M. Initiation by Nickel Acetate and
Promotion by Sodium Barbital of Renal Cortical Epithelial Tumors in Male F344 Rats.
CARCINOGENESIS; 1990; 11(4): 647&52.
Note: Article.

Kasprzak, K.S.; Hernandez, L. Enhancement of Hydroxylation and Deglycosylation of
2'-Deoxyguanosine by Carcinogenic Nickel Compounds. CANCER RESEARCH; 1989; 49(21):
5964-5968.
Note: Article.

Kasprzak, K.S.; Kiser, R.F.; Weislow, O.S. Magnesium Counteracts Nickel-Induced Suppression of
Lymphocyte-T Response to Concanavalin-A. MAGNESIUM; 1988; 7(3): 166-172.
Note: Article.

Kasprzak, K.S.; Kovatch, R.M.; Poirier, L.A. Inhibitory Effect of Zinc on Nickel Subsulfide
Carcinogenesis in Fischer Rats. TOXICOLOGY; 1988; 52(3): 253-262.
Note: Article.

Kasprzak, K.S.; Poirier, L.A.; Waalkes, M.P. Effects of Essential Divalent Metals on Carcinogenicity
and Metabolism of Nickel and Cadmium. BIOLOGICAL TRACE ELEMENT RESEARCH; 1987;
13(AUG): 253-273.
Note: Article.

Kato, T.; Nakamura, S.; Morita, M. Determination of Nickel, Copper, Zinc, Silver, Cadmium and Lead

58



in Seawater by Isotope-Dilution Inductively Coupled Plasma Mass-Spectrometry. ANALYTICAL

SCIENCES; 1990; 6(4): 623426.
Note: Article.

Katsuma, Y.; French, S.W.; Marceau, N.; Swierenga, S.H.H. Selective Rearrangement of Cytokeratin

Filaments in Cultured Liver Epithelial-Cells Induced by Nickel. JOURNAL OF HEPATOLOGY; 1987;

5(3): 344-354.
Note: Article.

Katz, D.; Umland, F. Distribution of Cadmium and Nickel-Species in Sunflower Seeds. FRESENIUS

ZEITSCHRIFT FUR ANALYTISCHE CHEMIE; 1989; 334(7): 719-719.

Note: Meeting-Abstract.

KauRnan, G.B.; Adams, M.L. The Separation of Cobalt from Nickel by Anion-Exchange

Chromatography. JOURNAL OF CHEMICAL EDUCATION; 1989; 66(2): 166-167.

Note: Note.

Kaur, P.; Ross, K.; Siddiqui, R.A.; Schlegel, H.G. Nickel Resistance of Alcaligenes-Denitrificans

Strain-4A-2 Is Chromosomally Coded. ARCHIVES OF MICROBIOLOGY; 1990; 154(2): 133-138.

Note: Article.

Kavaler, F.; Brommundt, G. Potentiation of Contraction in Bullfrog Ventricle Strips by Manganese and

Nickel. AMERICAN JOURNAL OF PHYSIOLOGY; 1987; 253(1): C52-C59.

Note: Article.

Kawahara, H.; French, S.W.; Marceau, N. The Function of Cytokeratin Intermediate Filaments in

Hepatocytes - Effect of Nickel on Trans-Hepatic Transport and Canalicular Secretion Studied Invitro.

FASEB JOURNAL; 1988; 2(4): A404-A404.
Note: Meeting-Abstract.

Kawanishi, S.; Inoue, S.; Yamamoto, K. Site-Specific DNA Damage Induced by Nickel(ll) Ion in the

Presence of Hydrogen-Peroxide. CARCINOGENESIS; 1989; 10(12): 2231-2235.

Kelebek, S.; Distin, P. Nickel Extraction from Spent Alumina-Based Catalyst Using Column Leaching.

CIM BULLETIN; 1986; 79(890): 82-82.
Note: Meeting-Abstract.

Keller, A.E.; Zam, S.G. The Acute Toxicity of Selected Metals to the Fresh-Water Mussel,

Anodonta-Imbecilis. ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY; 1991; 10(4): 539-546.

Note: Article.

Kellogg, H.H. Thermochemistry of Nickel Matte Converting. CIM BULLETIN; 1986; 79(890): 71-71.

Note: Meeting-Abstract.

Kellogg, H.H. Thermochemistry of Nickel-Matte Converting. CANADIAN METALLURGICAL

QUARTERLY; 1987; 26(4): 285-298.
Note: Article.

59



Kenney, M.A.; Dicker, A.; Mccoy, H.; Williams, L. Synergism of Magnesium-Deficiency and Nickel
Toxicity in Growth and Bone-Development. FASEB JOURNAL; 1991; 5(5): 1308-1308.
Note: Meeting-Abstract.

Keyes, M.P.; Gron, L.U.; Watters, K.L. Interactions of Nickel and Manganese Carbonyls with Oxide
Surfaces - Formation of Reduced, Oxidized, and Zerovalent Metal Species. INORGANIC CHEMISTRY;
1989; 28(7): 1236-1242.
Note: Article.

Khan, A.A.; Malhotra, S.S. Effects of Vanadium, Nickel and Sulfur-Dioxide on Polar Lipid Biosynthesis
in Jack Pine. PHYTOCHEMISTRY; 1987; 26(6): 1627-1630.
Note: Article.

Khan, M.W.; Salam, M.A. Interactions of Meloidogyne-Javanica, Fusarium-Udum and Rhizobium on
Pigeon Pea in the Presence of Nickel and Cobalt As Pollutants. ANNALS OF APPLIED BIOLOGY;
1990; 116(3): 549-556.
Note: Article.

Khandelwal, S.; Flora, S.J.S.; Tandon, S.K. Nickel-Selenium Interaction-Time Dependent
Biochemical-Alterations and Metal Decorporation in Rats. CHEMICO-BIOLOGICAL INTERACTIONS;
1990; 75(3): 341-347.
Note: Article.

Khangarot, B.S.; Ray, P.K. Acute Toxicity and Toxic Interaction of Chromium and Nickel to Common
Guppy Poecilia-Reticulata (Peters). BULLETIN OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY; 1990; 44(6): 832-839.
Note: Article.

Khatib, A.A.; Engel, M.H. Electronic Spectral Studies of Nickel (II) Alanine Complexes. INORGANICA
CHIMICA ACTA; 1989; 166(2): 273-277.

Khuhawar, M.Y.; Bhatti, A.G. Separation of Copper and Nickel-Complexes of Meso and
DL-bis(Salicylaldehyde)-Stilbenediimine Using Solvent-Extraction and Adsorption HPLC. INDIAN
JOURNAL OF CHEMISTRY SECTION A-INORGANIC PHYSICAL THEORETICAL 8c
ANALYTICAL; 1987; 26(2): 180-181.
Note: Note.

Khvorov, M.M.; Chirkov, A.S.; Dudchenko, A.K.; Khimchenko, Y.L. Changes in the Distribution
Function of Highly Dispersed Nickel Particles According to Size upon Increase in the Time for the
Thermal-Decomposition ofComplexes ofNickel Formate with Monoethanolamine. COLLOID JOURNAL
OF THE USSR; 1986; 48(3): 520-523.
Note: Note.

Kiecswierczynska, M. Allergy to Chromate, Cobalt and Nickel in Lodz 1977-1988. CONTACT
DERMATITIS; 1990; 22(4): 229-231.
Note: Note.

Kihn, Y.; Hawkes, F. Nickel-Induced Alterations in Mitochondria - Ctem and EELS Studies in the House



Cricket Testis. CYTOBIOS; 1989; 57(230-): 155-162.

Note: Article.

Kiilunen, M.; Aitio, A.; Jarvisalo, J.; Makitie, O. Analysis, Storage Stability and Reference Values for

Urinary Chromium and Nickel. INTERNATIONAL ARCHIVES OF OCCUPATIONAL AND

ENVIRONMENTAL HEALTH; 1987; 59(1): 43-50.

Note: Article.

Kilburn, K.H.; Warshaw, R.; Boylen, C.T.; Thornton, J.C.; Hopfer, S.M.; Sunderman, F.W.; Finklea,

J. Cross-Shift and Chronic Effects of Stainless-Steel Welding Related to Internal Dosimetry of Chromium

and Nickel. AMERICAN JOURNAL OF INDUSTRIAL MEDICINE; 1990; 17(5): 607-615.

Note: Article.

Kim, H.; Maier, R.J. Transcriptional Regulation of Hydrogenase Synthesis by Nickel in

Bradyrhizobium-Japonicum. JOURNAL OF BIOLOGICAL CHEMISTRY; 1990; 265(31): 8729-8732.

Note: Note.

Kimber, I.; Bentley, A.N.; Hilton, J. Contact Sensitization of Mice to Nickel Sulfate and Potassium

Dichromate. CONTACT DERMATITIS; 1990; 23(5): 325-330.

Note: Article.

Kimmel, G.L.; Bellin, J.S.; Price, C.J.; Rubenstein, R.; Sonawane, B.R. The Effect of Nickel Chloride

in Drinking-Water on Reproductive and Developmental Parameters. TERATOLOGY; 1986; 33(3):

C90-C90.
Note: Meeting-Abstract.

King, J.N.; Fritz, J.S. Determination of Cobalt, Copper, Mercury, and Nickel As

bis(2-Hydroxyethyl)Dithiocarbamate Complexes by High-Performance Liquid-Chromatography.

ANALYTICAL CHEMISTRY; 1987; 59(5): 703-708.
Note: Article.

Kistler, R.C.; Brunner, P.H.; Widmer, F. Behavior of Chromium, Nickel, Copper, Zinc, Cadmium,

Mercury, and Lead During the Pyrolysis of Sewage-Sludge. ENVIRONMENTAL SCIENCE &

TECHNOLOGY; 1987; 21(7): 704-708.
Note: Article.

Kitagawa, K.; Tanahashi, H.; Yanagisawa, M. Atomization Behaviors of Iron, Cobalt and Nickel on

Metal Strip Atomizers for Atomic-Absorption Spectrometry. ANALYTICAL SCIENCES; 1990; 6(1):

87-90.
Note: Article.

Klamer, J.C.; Hegeman, W.J.M.; Smedes, F. Comparison of Grain-Size Correction Procedures for

Organic Micropollutants and Heavy-Metals in Marine-Sediments. HYDROBIOLOGIA; 1990; 208(3):

213-220.
Note: Article.

Klaschka, F. Allergological Significance of Nickel-Free Alloys in Artificial Dentures. HAUTARZT;

1988; 39(4): 257-257.

61



Note: Letter.

Klein, C.B.; Conway, K.; Wang, X.W.; Bhamra, R.K.; Lin, X.H.; Cohen, M.D.; Annab, L.; Barrett,
J.C.; Costa, M. Senescence of Nickel-Transformed Cells by an X~mosome - Possible Epigenetic
Control. SCIENCE; 1991; 251(4995): 796-799.
Note: Article.

Kleinszanto, A.J.P.; Boysen, M.; Reith, A. Keratin and Involucrin in Preneoplastic and Neoplastic
Lesions - Distribution in the Nasal-Mucosa of Nickel Workers. ARCHIVES OF PATHOLOGY 8c

LABORATORY MEDICINE; 1987; 111(11): 1057-1061.
Note: Article.

Klock, P.R.; Czamanske, G.K.; Foose, M.; Pesek, J. Selective Chemical Dissolution of Sulfides - An
Evaluation of 6 Methods Applicable to Assaying Sulfide-Bound Nickel. CHEMICAL GEOLOGY; 1986;
54(1-2): 157-163.
Note: Article.

Knight, J.A.; Gillies, C.G.; Hopfer, S.M.; Rezuke, W.N.; Sunderman, F.W. Pulmonary Bronchoalveolar
Hyperplasia in Rats After Protracted Parenteral Injections of Nickel Chloride. ANNALS OF CLINICAL
AND LABORATORY SCIENCE; 1987; 17(4): 275-275.
Note: Meeting-Abstract.

Knight, J.A.; Hopfer, S.M.; Rezuke, W.N.; Sunderman, F.W.; Wong, S.H.Y.; Zaharia, O. Acute
Thymic Involution and Increased Lipoperoxides in Thymus ofNickel Chloride-Treated Rats. RESEARCH
COMMUNICATIONS IN CHEMICAL PATHOLOGY AND PHARMACOLOGY; 1987; 55(3):
291-302.
Note: Article.

Knight, J.A.; Hopfer, S.M.; Reid, M.C.; Sunderman, F.W.; Wong, S.H.Y. Ethene and Ethane
Exhalation in Nickel-Treated Rats, Using an Improved Rebreathing Apparatus. ANNALS OF CLINICAL
AND LABORATORY SCIENCE; 1986; 16(4): 339-340.
Note: Meeting-Abstract.

Knobeloch, L.M., Blondin, G.A., Read, Harkin, J.M. Assessment of chemical toxicity using mammalian
mitochondrial electron transport particles. ARCHIVES OF ENVIRONMENTAL CONTAMINATION
AND TOXICOLOGY; 1990; 19: 828-835.

Knoppers, B.A.; Lacerda, L.D.; Patchineelam, S.R. Nutrients, heavy metals and organic micropollutants
in an eutrophic Brazilian lagoon. MARINE POLLUTION BULLETIN; 1990; 21(8): 381-384.

Kobayashi, K. Trace Determination of Iron, Cobalt, Nickel and Copper in Zirconium Fluoride by
Substoichiometric Radioactivation Analysis. JOURNAL OF RADIOANALYTICAL AND NUCLEAR
CHEMISTRY-ARTICLES; 1987; 113(2): 333-341.
Note: Article.

Kobayashi, K.; Akagi, T; Hjaraguchi, H. Determination of Trace-Metals Forming Large
MolecularComplexes in Natural-Waters As Estimated by Ultrafiltration Liquid-Chromatography Atomic
Spectroscopy. BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN; 1990; 63(2): 554-558.

62



Koh, D.; Foulds, I.S.; Aw, T.C. Dermatological Hazards in the Electronics Industry. CONTACT
DERMATITIS; 1990; 22(1): 1-7.
Note: Review.

Kollmeier, H.; Muller, K.M.; Rothe, G.; Schejbal, V.B.; Seemann, J.W.; Wittig, P. Increased
Chromium and Nickel Content in Lung-Tissue and Bronchial Carcinoma. AMERICAN JOURNAL OF
INDUSTRIAL MEDICINE; 1987; 11(6): 659M9.
Note: Article.

Kollmeier, H.; Seemann, J.W.; Rothe, G.; Muller, K.M.; Wittig, P. Age, Sex, and Region Adjusted
Concentrations of Chromium and Nickel in Lung-Tissue. BRITISH JOURNAL QF INDUSTIUAL
MEDICINE; 1990; 47(10): 682%87.
Note: Article.

Konig, H.P.; Hertel, R.F.; Koch, W.; Neder, L. Characterization of Nickel-Alloy Aerosols Generated
from Grinding Processes. JOURNAL OF AEROSOL SCIENCE; 1988; 19(7): 1429-1432.
Note: Article.

Konya, L.; Kover, A.; Fulop, I.; Tanyi, M.; Tanyi, J. Nickel Is Able to Substitute Calcium in E-C
Coupling During K+-Contractures in Mouse Edl But Not in Soleus Muscle. JOURNAL OF MUSCLE
RESEARCH AND CELL MOTILITY; 1991; 12(1): 91-91.
Note: Meeting-Abstract.

Koons, R.D.; Havekost, D.G.; Peters, C.A. Analysis of Gunshot Primer Residue Collection Swabs Using
Flameless Atomic-Absorption Spectrophotometry and Inductively Coupled Plasma-Atomic
Emission-Spectrometry - Effects of a Modified Extraction Procedure and Storage of Standards.
JOURNAL OF FORENSIC SCIENCES; 1989; 34(1): 218-221.

Kostenko, N.M.; Kotvitsky, L.F. Sulfide Copper-Nickel Ore Manifestation in the Ukrainian Shield.
DOPOVIDI AKADEMII NAUK UKRAINSKOI RSR SERIYA B-GEOLOGICHNI KHIMICHNI TA
BIOLOGICHNI NAUKI; 1989; (8): 18-20.
Note: Article.

Kostikov, Y.P.; Leikina, B.B. Effect of Oxides of Transition of 3D Metals on the Posistor Properties of
Ceramic Based on Semiconducting Barium-Titanate. INORGANIC MATERIALS; 1990; 26(4): 746-748.
Note: Note.

Kovacikova, Z. Effect of environmental pollution from a nickel smelter waste dump on the lung of rabbits
- 2 generation study. BIOLOGIA; 1990; 45(6): 477&83.

Krantzberg, G.; Stokes, P.M. Metal Concentrations and Tissues Distribution in Larvae of Chironomus
with Reference to X-Ray Microprobe Analysis. ARCHIVES OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1990; 19(1): 84-93.

Kravchenko, G.L.; Bondarenko, S.M. Nickel-Arsenide Mineralization in Ultrabasites of the Sorokinian
Tectonic Zone (the Azov Sea Region). DQPOVIDI AKADEMII NAUK UKRAINSKQI RSR SERIYA
B-GEQLOGICHNI KHIMICHNI TA BIQLQGICHNI NAUKI; 1989; (3): 6-11.
Note: Article.



Krebs, B. Direct Determination of Nickel in Margarine. FRESENIUS ZEITSCHRIFT FUR
ANALYTISCHE CHEMIE; 1987; 328(4-5): 388-389.
Note: Article.

Kremling, K.; Pohl, C. Studies on the Spatial and Seasonal Variability of Dissolved Cadmium, Copper
and Nickel in Northeast Atlantic Surface Waters. MARINE CHEMISTRY; 1989; 27(1-2): 43-60.
Note: Article.

Kristensen, S.R. Cell-Damage Caused by ATP Depletion Is Reduced by Magnesium and Nickel in Human
Fibroblasts - A Nonspecific Calcium Antagonism. BIOCHIMICA ET BIOPHYSICA ACTA; 1991;
1091(3): 285-293.
Note: Article.

Kruger, H.J.; Holm, R.H. Stabilization ofTrivalent Nickel in Tetragonal Nis4N2 and Nin6 Environments
- Synthesis, Structures, Redox Potentials, and Observations Related to (NiFe)-Hydrogenases. JOURNAL
OF THE AMERICAN CHEMICAL SOCIETY; 1990; 112(8): 2955-2963.
Note: Article.

Kruger, H.J.; Peng, G.; Holm, R.H. Low-Potential Nickel(III,II) Complexes - New Systems Based on
Tetradentate Amidate Thiolate Ligands and the Influence of Ligand Structure on Potentials in Relation
to the Nickel Site in (NiFe)-Hydrogenases. INORGANIC CHEMISTRY; 1991; 30(4): 734-742.
Note: Article.

Krumgalz, B.S.; Fainshtein, G. Trace-Metal Contents in Certified Reference Sediments Determined by
Nitric-Acid Digestion and Atomic-Absorption Spectrometry. ANALYTICA CHIMICA ACTA; 1989;
218(2): 335-340.

Krushell, J.S.; Burnett, J.W. Nickel Dermatitis. CUTIS; 1990; 45(2): 87-88.
Note: Article.

Kubo, M. Determination of Nickel in Stainless-Steel by AAS. BUNSEKI KAGAKU; 1988; 37(4):
159-163.
Note: Article.

Kuhn, R.; Pattard, M. Results of the harmful effects of water pollutants to green algae (Scenedesmus
subspicatus) in the cell multiplication inhibition test. WATER RESEARCH; 1990; 24(1): 31-38.

Kuhn, R., Pattard, M., Pernak, K.D.; Winter, A. Results of the harmful effects of water pollutants to
Daphnia magna in the 21 day reproduction test. WATER RESEARCH; 1989; 23(4): 501-510.

Kumar, A. Inorganic Complexation of Nickel and Cobalt in Natural-Waters. PROCEEDINGS OF THE
INDIAN ACADEMY OF SCIENCES-CHEMICAL SCIENCES; 1986; 97(1): 1-7.
Note: Article.

Kumar, M.; Maroney, M.J.; Colpas, G.J.; Day, R.O. Ligand Oxidation in a Nickel violate Complex
- A Model for the Deactivation of Hydrogenase by 02. JOURNAL OF THE AMERICAN CHEMICAL
SOCIETY; 1989; 111(21): 8323-&325.
Note: Note.



Kumar, N.; Nath, K. Toxicity of nickel to a fresh water teleost. ACTA HYDROCHIMICA ET

HYDROBIOLOGIA; 1987; 15(3): 313-315.

Kunwar, U.K.; Littlejohn, D.; Halls, D.J. Hot-Injection Procedures for the Rapid Analysis of Biological

Samples by Electrothermal Atomic-Absorption Spectrometry. TALANTA; 1990; 37(6): 555-559.

Kuroda, R.; Miura, Y.; Nakano, T.; Oguma, K. Determination of Trace Amounts of Nickel and Cobalt

in Silicate Rocks by Graphite-Furnace Atomic-Absorption Spectrometry - Elimination of Matrix Effects

with an Ammonium Fluoride Modifier. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY;

1986; 1(6): 429-431.
Note: Article.

Kurzak, B.; Bal, W.; Kozlowski, H. Nickel(II) Complexes of Hydroxamic Analogs of Amino-Acids.

JOURNAL OF INORGANIC BIOCHEMISTRY; 1990; 38(1): 9-16.

Kuvaldina, N.M.; Kuvaldin, N.A.; Zhebrakov, D.N. Determination of Nickel and Cobalt in Brass Plating

by Atomic-Absorption Spectrometry. INDUSTRIAL LABORATORY-USSR; 1988; 54(3): 321-322.

Note: Article.

Kuzuya, M.; Naito, M.; Funaki, C.; Hayashi, T.; Asai, K.; Kuzuya, F. Lipid Peroxide and

Transition-Metals Are Required for the Toxicity of Oxidized Low-Density-Lipoprotein to Cultured

Endothelial-Cells. BIOCHIMICA ET BIOPHYSICA ACTA; 1991; 1096(2): 155-161.

Note: Article.

Lallierverges, E.; Alberic, P. Burrowing - A Major Process in the Mn-Ni Enrichment of Red Clays.

MARINE GEOLOGY; 1989; 86(1): 75-79.

Laly, S.; Parameswaran, G. Gravimetric-Determination of Nickel with Salicylaldehyde

Thiosemicarbazone. BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN; 1989; 62(11): 3763-3765.

Note: Note.

Lammintausta, K.; Jansen, C.T.; Kalimo, K. Langerhans Cell-Population in Topical Patch-Test and

Systemic Flare-Up Sites of Nickel-Sensitive Guinea-Pigs. CLINICAL AND EXPERIMENTAL

DERMATOLOGY; 1986; 11(3): 246-252.
Note: Article.

Lammintausta, K.; Jansen, C.T.; Korhonen, K. Method of Sensitization Determines if UVB Irradiation

Inhibits the Development of Delayed-Type Hypersensitivity to Nickel in Guinea-Pigs.

PHOTODERMATOLOGY; 1986; 3(2): 102-103.

Note: Note.

Lammintausta, K.; Kalimo, K. Do Positive Nickel Reactions Increase Nonspecific Patch Test Reactivity.

CONTACT DERMATITIS; 1987; 16(3): 160-163.

Note: Article.

Lammintausta, K.; Kalimo, K. Nickel Sensitivity and the Course of Atopic-Dermatitis in Adulthood.

CONTACT DERMATITIS; 1990; 22(3): 144-147.

Note: Article.



Lamster, I.B.; Chasens, A.I.; Kalfus, D.I.; Steigerwald, P.J. Rapid Loss of Alveolar Bone Associated
with Nonprecious Alloy Crowns in 2 Patients with Nickel Hypersensitivity. JOURNAL OF
PERIODONTOLOGY; 1987; 58(7): 486-492.
Note: Article.

Landsberger, S.; Simsons, A. Chromium, Nickel, and Arsenic Deters»lions in Human Samples by
Thermal and Epithermal Neutron-Activation Analyses. BIOLOGICAL TRACE ELEMENT RESEARCH;
1987; 13(AUG): 357-362.
Note: Article.

Lanno, R.P.; Hickie, B.E.; Dixon, D.G. Feeding and Nutritional Considerations in Aquatic Toxicology.
HYDROBIOLOGICA; 1989; 188(DEC): 525-531.

Lappin, A.G.; Mcauley, A. The Redox Chemistry of ¹ickel. ADVANCES IN INORGANIC
CHEMISTRY; 1988; 32: 241-295.
Note: Review.

Larssonstymne, B.; Widstrom, L. Ear Piercing - A Cause of Nickel Allergy in Schoolgirls. CONTACT
DERMATITIS; 1985; 13(5): 289-293.
Note: Article.

Lau, O.W.; Stephen, W.I. The Simultaneous Determination of Copper and Nickel byLiquid-Liquid-Extraction and Gas-Liquid-Chromatography with
(Acetylpivalylmethane)-(Trifluoroacetylacetone)Ethylenediimine As Reagent. ANALYTICA CHIMICA
ACTA; 1986; 180(FEB): 417%28.
Note: Article.

Lauenstein, G.G.; Robertson, A.; O'onnor, T.P. Comparison of trace metal data in mussels and oysters
from a mussel watch programme of the 1970's with those &om a 1980's programme. MARINE
POLLUTION BULLETIN; 1990; 21(9): 440~7.

Lavaud, F., Cossart, C., Dethesut, M.C., Prevost, A., Collery, P.; Demontreynaud, J.M.D. Nickel salts
and occupational respiratory allergy. PROGRESS IN CLINICAL AND BIOLOGICAL RESEARCH;
1990: 263-266.

Lavi, N.; Alfassi, Z.B. Determination of Trace Amounts of Cadmium, Cobalt, Chromium, Iron,
Molybdenum, Nickel, Selenium, Titanium, Vanadium and Zinc in Blood and Milk by Neutron-Activation
Analysis. ANALYST; 1990; 115(6): 817-822.
Note: Article.

Leach, C.A.; Sunderman, F.W. Hypernickelemia Induced by Nickel Contamination of Radiographic
Contrast-Media. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1986; 16(4): 327-328.
Note: Meeting-Abstract.

Leach, C.A.; Sunderman, F.W. Hypernickelemia Following Coronary Arteriography, Caused by Nickel
in the Radiographic Contrast-Medium. ANNALS OF CLINICAL AND LABORATORY SCIENCE;
1987; 17(3): 137-144.
Note: Article.



Lee, A.Y.; Lee, Y.S. A Case of Allergic Contact-Dermatitis Due to Nickel in Underground Water.

CONTACT DERMATITIS; 1990; 22(3): 141-143.

Note: Article.

Lee, Y.H.; Stuebing, R.B. Heavy Metal Cont&~&»tion in the River Toad, Bufo juxtasper (Inger), Near

a Copper Mine in East Malaysia. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND

TOXICOLOGY; 1990; 45: 272-279.

Leita, L.; Denobili, M. Water-Soluble Fractions of Heavy-Metals During Compositing of Municipal

Solid-Waste. JOURNAL OF ENVIRONMENTAL QUALITY; 1991; 20(1): 73-78.

Note: Article.

Lekstrom, J.A.; Koons, R.D. Copper and Nickel Detection on Gunshot Targets by Dithiooxamide Test,

JOURNAL OF FORENSIC SCIENCES; 1986; 31(4): 1283-1291.

Note: Article.

Lepage, P.; Parker, G.H. Copper, Nickel, and Iron Levels in Pelage of Red Squirrels Living Near the

Ore Smelters at Sudbury, Ontario, Canada. CANADIAN JOURNAL OF ZOOLOGY-JOURNAL

CANADIEN DE ZOOLOGIE; 1988; 66(7): 1631-1637.

Note: Article.

Leporati, E. Amino-Hydroxamic Functions As Sequestering Agents in Biological-Systems -A

Thermodynamic and Spectrophotometric Study of Complex-Formation Equilibria Between

DL-2-Amino-N-Hydroxy-N-Butanamide and Cobalt (II), Nickel (11), Copper (II), and Hydrogen Ions in

Aqueous-Solution. JOURNAL OF CHEMICAL RESEARCH-S; 1990; 1: 14-15.

Lerche, A.; Kassis, V.; Sondergaard, J.; Bisgaard, H.; Christensen, J.D. Prostaglandin-El and

Prostaglandin-F2-Alpha in Exudate in Nickel Allergy. ACTA DERMATO-VENEREOLOGICA; 1989;

69(3): 253-256.
Note: Note.

Levine, M.B.; Taylor, D.H.; Barrett, G.W.; Hall, A.T. Heavy-Metal Concentrations During 10 Years

of Sludge Treatment to an Old-Field Community. JOURNAL OF ENVIRONMENTAL QUALITY; 1989;

18(4): 411%18.

Lewis, R.A.; Klein, B. A Brief-History of Specimen Banking - Storage, Institutions and Applications.

TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1990; 27(4): 251-266.

Note: Article.

Likens, G.E. Acid rain and its effects on sediments in lakes and streams. HYDROBIOLOGIA; 1989;

176/177: 331-348.

Lin, K.C.; Chou, I.N. Studies on the Mechanisms of Ni2+-Induced Cell Injury: 1. Effects of Ni2+
on Microtubules. TOXICOLOGY AND APPLIED PHARMACOLOGY; 1990; 106: 209-221.

Lin, S.M. Optimization of Graphite-Furnace Atomic-Absorption Spectrophotometry for Determination

of Trace Cadmium, Lead and Nickel in Urine. ANALYTICAL SCIENCES; 1991; 7(1): 155-158.

Note: Note.

67



Lin, S.M.; Hopfer, S.M.; Brennan, S.M.; Sunderman, F.W. Protein Blotting Method for Detection of
Nickel-Binding Proteins. RESEARCH COMMUNICATIONS IN CHEMICAL PATHOLOGY AND
PHARMACOLOGY; 1989; 65(3): 275-288.
Note: Article.

Lindberg, M.; Forslind, B.; Roomans, G.M.; Sagstrom, S. Sodium Lauryl Sulfate Enhances Nickel
Penetration Through Guinea-Pig Skin - Studies with Energy Dispersive-X-Ray Microanaiysis.
SCANNING MICROSCOPY; 1989; 3(1): 221-224.
Note: Article.

Lion, L.W., Shuler, M.L., Hsieh, K.M.; Ghiorse, W.C. Trace metal interactions with microbial biofilms
in natural and engineered systems. CRC CRITICAL REVIEWS IN ENVIRONMENTAL CONTROL;
1988; 17(4): 273-277(???).

Lipnick, R.L. Base-Line Toxicity Predicted by Quantitative Structure-Activity-Relationships As a Probe
for Molecular Mechanism of Toxicity. ACS SYMPOSIUM SERIES; 1989; 413: 366-389.

Lissolo, T.; Choi, E.S.; Legall, J.; Peck, H.D. The Presence of Multiple Intrinsic Membrane
Nickel-Containing Hydrogenases in Desulfovibrio-Vulgaris (Hildenborough). BIOCHEMICAL AND
BIOPHYSICAL RESEARCH COMMUNICATIONS; 1986; 139(2): 701-708.
Note: Article.

Little, B.; Wagner, P.; Ray, R.; Mcneil, M. Microbiologically Influenced Corrosion in Copper and
Nickel Seawater Piping Systems. MARINE TECHNOLOGY SOCIETY JOURNAL; 1990; 24(3): 10-17.
Note: Article.

Liu, D., Chau, Y.K.; Dutka, B.J. Rapid toxicity assessment of water-solubale and water-insoluble
chemicals using a modified agar plate method. WATER RESEARCH; 1989; 232(3): 333-339.

Liu, J.: Kershaw, W.C.; Klaassen, C.D. The Protective Effect of Metallothionein on the Toxicity of
Various Metals in Rat Primary Hepatocyte Culture. TOXICOLOGY AND APPLIED
PHARMACOLOGY; 1991; 107(1): 27-34.
Note: Article.

Lo, S.H.; Gibbon, M.; Hollingshead, R.S.; Fossen, B. The Development, Assessment and Consolidation
of Rapidly Solidified Copper-Nickel-Alloys for Marine Services. CIM BULLETIN; 1988; 81(914):
73-73.
Note: Meeting-Abstract.

Lochcaruso, R.; Corcos, I.A.; Trosko, J.E. Inhibition of Metabolic Coupling by Metals. JOURNAL OF
TOXICOLOGY AND ENVIRONMENTAL HEALTH; 1991; 32(1): 33&8.
Note: Article.

Lohmeyer, M.; Friedrich, C.G. Nickel Transport in Alcaligenes-Eutrophus. ARCHIVES OF
MICROBIOLOGY; 1987; 149(2): 130-135.
Note: Article.

Lopez, M.H.; Sanchez, F.G. Selective Photometric-Determination of Nickel with Photochemically

68



Generated Anti-2-Furaldehyde 2-Pyridylhydrazone. MIKROCHIMICA ACTA; 1985; 2(5-6): 309-317.

Note: Article.

Lugmair, G.W.; Birck, J.L. Isotope Anomalies in Nickel and Other Iron Group Elements. CHEMICAL

GEOLOGY; 1988; 70(1-2): 26-26.
Note: Meeting-Abstract.

Lumb, G.D.; Chou, R.H.; Schneider, H.P.; Sunderman, F.W. Histogenesis of Subcutaneous

Malignant-Tumors Resulting from Nickel Subsulfide Implantation. ANNALS OF CLINICAL AND

LABORATORY SCIENCE; 1987; 17(5): 286-299.
Note: Article.

Lumb, G.; Schneider, H.P.; Sunderman, F.W. Nickel-Induced Malignant-Tumors. LABORATORY

INVESTIGATION; 1986; 54(1): A38-A38.
Note: Meeting-Abstract.

Lumb, G.; Sunderman, F.W. The Mechanism of Malignant-Tumor Induction by Nickel Subsulfide.

ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1988; 18(5): 353-366.

Note: Article.

Lumsden, J.B.; Stocker, P.J. Mechanism of IgA and SCC in Nickel-Base Alloys in Caustic Solutions.

JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1987; 134(8B): C422-C422.

Note; Meeting-Abstract.

Lunder, M. Variable Incidence of Nickel Dermatitis. CONTACT DERMATITIS; 1988; 18(5): 287-289.

Note: Article.

Lundie, L.L.; Heinonen, J.K.; Yang, H.C.; Dean, S.I.; Drake, H.L. Energy-Dependent, High-Affinity

Transport of Nickel by the Acetogen Clostridium-Thermoaceticum. JOURNAL OF BACTERIOLOGY;

1988; 170(12): 5705-5708.
Note: Article.

Lungborg, M.; Camner, P.; Johansson, A. Morphology and Release of Lysozyme Following Exposure

of Rabbit Lung Macrophages to Nickel or Cadmium Invitro. TOXICOLOGY; 1987; 46(2): 191-203.

Note: Article.

Lynfield, Y. Good-News for Nickel-Sensitive Women. JOURNAL OF THE AMERICAN ACADEMY

OF DERMATOLOGY; 1986; 15(2): 297-297.
Note: Letter.

Lyons, W.B.; Chivas, A.R., Lent, R.M., Welch, S., Kiss, E., Mayewski, P.A., Long, D.T.; Carey,

A.E. Metal concentrations in suficial sediments from hypersaline lakes, Australia. HYDROBIOLOGIA;

1990; 197: 13-22.

Lytle, T.F.; Lytle, J.S. Heavy metals in the eastern oyster, Crassostrea virginica, of the Mississippi

Sound. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 44(1):

142-148.



Machackova, J.; Pock, L. Occupational Nickel Dermatitis in a Cellist. CONTACT DERMAT1TIS; 1986;
15(1): 41-42.
Note: Note.

Mack, D.P.; Dervan, P.B. Nickel-Mediated Sequence-Specific Oxidative Cleavage of DNA by a
Designed Metalloprotein. JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1990; 112(11):
46~06.
Note: Note.

Mackey, D.J.; Osullivan, J.E. Metal Organic Interactions in Sea-Water - An Ecosystem Experiment.
ANALYTICA CHIMICA ACTA; 1990; 232(1): 161-170.

MacNicol, R.D.; Beckett, P.H.T. The distribution of heavy metals between the principal components of
digested sewage sludge. WATER RESEARCH; 1989; 23(2): 199-206.

Macrae, T.H.; Pandey, A.S. Effects of Metals on Early Life Stages of the Brine Shrimp, Artemia - A
Developmental Toxicity Assay. ARCHIVES OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY; 1991; 20(2): 247-252.
Note: Article.

Maeda, S.; Mizoguchi, M.; Ohki, A.; Inanaga, J.; Takeshita, T. Bioaccumulation of Zinc and Cadmium
in Fresh-Water Alga, Chlorella-Vulgaris .2. Association Mode of the Metals and Cell Tissue.
CHEMOSPHERE; 1990; 21(8): 965-973.
Note: Article.

Maenhaut, W. Recent Advances in Nuclear and Atomic Spectrometric Techniques for Trace-Element
Analysis - A New Look at the Position of FIXE. NUCLEAR INSTRUMENTS 8c METHODS IN
PHYSICS RESEARCH SECTION B - BEAM INTERACTIONS WITH MATERIALS AND ATOMS;
1990; 49(1-4): 518-532.

Maier, R.J.; Pihl, T.D.; Stults, L.; Sray, W. Nickel Accumulation and Storage in
Bradyrhizobium-Japonicum. APPLIED AND ENVIRONMENTAL MICROBIOLOGY; 1990; 56(6):
1905-1911.
Note: Article.

Maiti, B.; Desai, S.R. High-Performance Liquid-Chromatographic Separation of Beryllium, Cobalt,
Nickel and Chromium As the Beta-Isopropyltropolone Complexes and Its Application to the
Determination of Chromium in Air Samples. ANALYST; 1986; ill(7): 809-811.
Note: Article.

Makashev, Y.A.; Kozhevnikova, L.S.; Shchelkunova, L.I. Preparation and Properties of Silver Nickel
Oxides. JOURNAL OF APPLIED CHEMISTRY OF THE USSR; 1988; 61(4): 804-806.
Note: Note.

Malati, M.A. Some Titrimetric Applications of Manganese(III) Salt-Solutions - Analysis of Higher Valent
Complexes of Manganese and Nickel. ANALYST; 1987; 112(4): 511-513.
Note: Article.

70



Malinski, T.; Ciszewski, A.; Fish, J.R.; Czuchajowski, L. Conductive Polymeric
Tetrakis(3-MethoxyMHydroxyphenyl)Porphyrin Film Electrode for Trace Determination of Nickel.
ANALYTICAL CHEMISTRY; 1990; 62(9): 909-914.
Note: Article.

Mallick, N.; Rai, L.C. Effects of heavy metals on the biology of a N2-fixing cyanobacterium Anabaena
doliolum. TOXICITY ASSESSMENT: AN INTERNATIONAL JOURNAL; 1990; 5: 207-219.

Malvankar, P.L.; Shinde, V.M. Extraction of Cobalt and Nickel Salicylates - Application to Steel and
Industrial Waste-Water Samples. ANALYST; 1990; 115(11): 1473-1476.
Note: Article.

Manan, F.; Guevara, L.V.; Ryley, J. The Stability of All-Trans Retinol and Reactivity Towards
Transition-Metals. FOOD CHEMISTRY; 1991; 40(1): 43-54.
Note: Article.

Manceau, A.; Calas, G. Nickel-Bearing Clay-Minerals .2. Intracrystalline Distribution of Nickel - An
X-Ray Absorption Study. CLAY MINERALS; 1986; 21(3): 341-360.
Note: Article.

Mangini, A., Segl, M., Glasby, G.P., Stoffers, P.; Pluger, W.L. Element accumulation rates in and
growth histories of manganese nodules from the Southwestern Pacific Basin. MARINE GEOLOGY;
1990; 94: 97-107.

Mann, R.S.; Khulbe, K.C.; Sambi, I.S. Hydrofining of Heavy Gas Oil on Zeolite Alumina Supported
Nickel Molybdenum Catalyst. INDUSTRIAL & ENGINEERING CHEMISTRY RESEARCH; 1988;
27(10): 1788-1792.
Note: Article.

Manninen, S.; Loupias, G.; Suortti, P.; Chomilier, J.; Cooper, M.J. Experimental X-Ray Resonant
Raman-Study of Nickel. JOURNAL DE PHYSIQUE; 1987; 48(NC-9): 827-830.
Note: Article.

Manoharan, P.T.; Alston, K.; Rifkind, J.M. Metal-Ion Coordination in Copper and Nickel Reconstituted
Hemoglobins. JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1986; 108(22): 7095-7100.
Note: Article.

Marko, L. Transition-Metals in Organic-Synthesis - Hydroformylation, Reduction, and Oxidation-
Annual Survey Covering the Year 1989. JOURNAL OF ORGANOMETALLIC CHEMISTRY; 1991;
404(1-3): 325-504.
Note: Review.

Marsalek, J.; Schroeter, H. Annual loadings of toxic contaminants in urban runoff from the Canadian
Great Lakes basin. WATER POLLUTION RESEARCH JOURNAL OF CANADA; 1988; 23(3):
360-378.

Marshall, J.; Carroll, J.; Crighton, J.S. Atomic Spectrometry Update Industrial Analysis - Metals,
Chemicals and Advanced Materials. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY; 1990;

71



5(8): R323-R359.
Note: Article.

Martin, J.M.; Elbazpoulichet, F.; Guieu, C.; Loyepilot, M.D.; Han, G.C. River Versus Atmospheric
Input of Material to the Mediterranean-Sea - An Overview. MARINE CHEMISTRY; 1989; 28(1-3):
159-182.

Martin, J.; Martinez, Z.C.; Quirke, E. The Chemistry ofNickel and Vanadyl Porphyrins. ABSTRACTS
OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1986; 191(APR): 96-.
Note: Meeting-Abstract.

Martin, R.B. Nickel Ion Binding to Amino-Acids and Peptides. METAL IONS IN BIOLOGICAL
SYSTEMS; 1988; 23: 123-164.
Note: Review.

Martynova, T.N.; Nikulina, L.D.; Pustovskikh, I.I. The Synthesis and Investigation of the
Complex-Compounds of Nickel, Cobalt, Copper and Zinc with Macrocyclic Polyethers. IZVESTIYA
SIBIRSKOGO OTDELENIYA AKADEMII NAUK SSSR SERIYA KHIMICHESKIKH NAUK,1988,'1):

54-58.
Note: Article.

Mas, A.; Alemany, M.; Arola, L.I.; Peligero, M.J. Distribution and Kinetics of Injected Nickel in the
Pregnant Rat. CLINICAL AND EXPERIMENTAL PHARMACOLOGY & PHYSIOLOGY; 1986; 13(2):
91-96.
Note: Article.

Mas, A.; Alemany, M.; Arola, L.; Peligero, M.J. Effect of an Acute Injection of Nickel upon Essential
Metal Homeostasis in the Rat - Influence of Sex and Pregnancy. BIOLOGICAL RESEARCH IN
PREGNANCY AND PERINATOLOGY; 1986; 7(2): 66-70.
Note: Article.

Mas, A.; Alemany, M.; Arola, L. Effects of a Nickel Load upon the Concentration of Plasma
Metabolities in Pregnant Rats. GYNECOLOGIC AND OBSTETRIC INVESTIGATION; 1986; 21(4):
193-197.
Note: Article.

Mas, A.; Alemany, M.; Arola, L. Initial Permeability of the 19-Day Fetus to Nickel. REVISTA
ESPANOLA DE FISIOLOGIA; 1989; 45(3): 287-290.
Note: Article.

Mas, A.; Alemany, M.; Arola, L. Nickel Fixation by Rat Plasma and 21-Day Placental Homogenates.
ARCHIVES INTERNATIONALES DE PHYSIOLOGIE ET DE BIOCHIMIE; 1986; 94(1): 7-10.
Note: Article.

Mas, A.; Yeger, H.; Sarkar, B. Nickel Binding by Isolated Human Trophoblast Cells. RESEARCH
COMMUNICATIONS IN CHEMICAL PATHOLOGY AND PHARMACOLOGY; 1990; 67(2):
271-278.
Note: Article.

72



Masoud, M.S.; Mohammed, Y.S.; Taha, F.; Soliman, E.M. Solution Equilibria and Structures of Some

2+uinolone Iron(III), Cobalt (II), Nickel (II) and Copper (II) Complexes. SYNTHESIS AND

REACTIVITY IN INORGANIC AND METAL-ORGANIC CHEMISTRY; 1987; 17(8-9): 881-899.
Note: Article.

Masoud, M.S.; Soliman, E.M.; Abdelnabby, B.A.; Abdelhamid, O.H. The Behavior of Some Cobalt,
Nickel and Copper Amino-Acid Complexes at Different Temperatures. THERMOCHIMICA ACTA;
1988; 128(JUN): 75-80.
Note: Article.

Massey, S.T.; Zoellner, R.W. Nickel Vapor Reactions with Aryl Halides. ABSTRACTS OF PAPERS
OF THE AMERICAN CHEMICAL SOCIETY; 1988; 196(SEP): 121-.

Note: Meeting-Abstract.

Massone, L.; Anonide, A.; Borghi, S.; Isola, V. Positive Patch Test Reactions to Nickel, Cobalt, and
Potassium Dichromate in a Series of 576 Patients. CUTIS; 1991; 47(2): 119-.
Note: Article.

Mastromatteo, E. Health-Effects in the Production and Use of Nickel. CIM BULLETIN; 1986; 79(890):
67-67.
Note: Meeting-Abstract.

Mastromatteo, E. Nickel (Yant Memorial Lecture). AMERICAN INDUSTRIAL HYGIENE
ASSOCIATION JOURNAL; 1986; 47(10): 589M1.
Note: Article.

Mateo, M.C.M.; Rabadan, J.; Boustamante, J. Comparative-Analysis of Certain Metals and
Tumor-Markers in Bronchopulmonary Cancer and Colorectal Cancers - Metals and Tumor-Markers in
the Neoplastic Process. CLINICAL PHYSIOLOGY AND BIOCHEMISTRY; 1990; 8(5): 261-266.
Note: Article.

Mathur, A.K.; Singh, A.; Gupta, B.N.; Agarwal, C. Effect of Sodium Lauryl Sulfate and Nickel Alone
and in Combination on the Skin of Guinea-Pigs. TOXICOLOGY Le t

!GARS;

1988; 42(3): 249-256.
Note: Article.

Matthews, G. Toxic Gases. POSTGRADUATE MEDICAL JOURNAL; 1989; 65(762): 224-232.

Mayer, T.; Manning, P.G. Inorganic contaminants in suspended solids from Hamilton Harbour.
JOURNAL OF GREAT LAKES RESEARCH; 1990; 16(2): 299-318.

Maynard, A.W. Chemical monitoring: effective use of chemical analysis for optimization of contaminant
removal. WATER POLLUTION RESEARCH JOURNAL OF CANADA; 1989; 24(3): 411-424.

Mayor, P.; Calle, C.; Cabrera, R.; Ribas, B. Effect of Long-Term Nickel Ingestion on Insulin Binding
and Antilipolytic Response in Rat Adipocytes. BIOLOGICAL TRACE ELEMENT RESEARCH; 1989;
22(1): 63-70.
Note: Article.

73



McEachern, D.B.; Phillips, S.F. Heavy metal and sulphate deposition in snow, Thompson, Manitoba
1982-1985; 1988; ISSN: 88-1.
Note: 28 p.

Mcgrath, S.P.; Lane, P.W. An Explanation for the Apparent Losses of Metals in a Long-Term Field
Experiment with Sewage-Sludge. ENVIRONMENTAL POLL%EON; 1989; 60(3%): 235-256.

Mckenzie, D.I.; Denys, L.; Buchanan, A. The Solubilization of Nickel,. Cobalt and Iron from Laterites
by Means of Organic Chelating Acids at Low pH. INTERNATIONAL JOURNAL OF MINERAL
PROCESSING; 1987; 21(3-4): 275-292.
Note: Article.

Mcleod, C.W.; Cheung, Y.Y.; Date, A.R. Metal-Oxide Ions in Inductively Coupled Plasma-Mass
Spectrometric Analysis of Nickel-Base Alloys. SPECTROCHIMICA ACTA PART B-ATOMIC
SPECTROSCOPY; 1986; 41(1-2): 169-174.
Note: Article.

Mcleod, C.W.; Clarke, P.A.; Mowthorpe, D.J. Simultaneous Determination of Volatile Trace-Elements
in Nickel-Base Alloys Using a Direct Insertion Probe and Inductively Coupled Plasma-Emission
Spectrometry. SPECTROCHIMICA ACTA PART B-ATOMIC SPECTROSCOPY; 1986; 41(1-2): 63-71.
Note: Article.

Mclusky, D.S.; Hagerman, L. The Toxicity of Chromium, Nickel and Zinc - Effects of Salinity and
Temperature, and the Osmoregulatory Consequences in the Mysid Praunus-Flexuosus. AQUATIC
TOXICOLOGY; 1987; 10(4): 225-238.
Note: Article.

Mcmaster, D.; Burrows, D.; Eedy, D.J.; Love, A.H.G. Stimulation of Urinary Copper Excretion by
Trientine in Nickel-Sensitive Patients. BIOLOGICAL TRACE ELEMENT RESEARCH; 1987; 14(1-2):
65-77.
Note: Article.

Mcneill, D.A.; Chrisp, C.E.; Fisher, G.L. Tumorigenicity of Nickel Subsulfide in Strain A/J Mice.
DRUG AND CHEMICAL TOXICOLOGY; 1990; 13(1): 71-86.
Note: Article.

Meding, B.; Swanbeck, G. Occupational Hand Eczema in an Industrial-City. CONTACT DERMAT1TIS;
1990; 22(1): 13-23.
Note: Article.

Medinsky, M.A.; Benson, J.M.; Hobbs, C.H. Lung Clearance and Disposition of Ni&3 in F344/N Rats
After Intratracheal Instillation of Nickel Sulfate-Solutions. ENVIRONMENTAL RESEARCH; 1987;
43(1): 168-178.
Note: Article.

Mehra, M.C.; Daigle, R. 2-(Para-Iodophenyl)-3-(Para-Nitrophenyl)-5-Phenyltetrazolium
Tetrakis(1-Imidazolyl)Borate As a Reagent for the Determination of Nickel, Zinc, Cobalt and Iron by
Flame Atomic-Absorption Spectrometry. ANALYST; 1989; 114(8): 979-981.



Note: Note.

Meisel, A.; Szargan, R.; Uhlig, I.; Hallmeier, K.H.; Reinhold, J.; Casarin, M. XPS Satellite Structure
ofNickel-Complex Compounds As an Analytical Tool for Studies ofGround-State Properties. JOURNAL
OF ELECTRON SPECTROSCOPY AND RELATED PHENOMENA; 1990; 51(APR): 459-470.
Note: Article.

Melendres, C.A.; Paden, W.; Tani, B.; Walczak, W. On the Structure of the Higher Oxide Forms of
Nickel. JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1987; 134(3): 762-763.
Note: Note.

Melgarejo, A.G.; Cespedes, A.G.; Pavon, J.M.C. Simultaneous Determination of Nickel, Zinc and
Copper by 2nd-Derivative Spectrophotometry Using 1-(2-Pyridylazo)-2-Naphthol As Reagent.
ANALYST; 1989; 114(1): 109-111.
Note: Note.

Melis, L.A.; Knapp, R.A.; Scharer, J.M.; Smith, C.W.; Steger, H.F. The Nature of Nickel and Arsenic
Precipitation in Uranium Mill Tailings. CIM BULLETIN; 1987; 80(903): 92-92.
Note: Meeting-Abstract.

Mendelson, D.S.; Gendal, E.S.; Janus, C.L.; Fischbein, A. Computed-Tomography of the Thorax in
Workers Exposed to Hard Metals. BRITISH JOURNAL OF INDUSTRIAL MEDICINE; 1991; 48(3):
208-210.
Note: Note.

Menne, T.; Andersen, J.R.; Brandrup, F.; Thestruppedersen, K.; Valeur, G.; Veien, N.K.; Yding, F.
Patch Test Reactivity to Nickel-Alloys. CONTACT DERMATITIS; 1987; 16(5): 255-259.
Note: Article.

Menne, T.; Maibach, H.I. Nickel Allergic Contact-Dermatitis - A Review. JOURNAL OF THE
AMERICAN COLLEGE OF TOXICOLOGY; 1989; 8(7): 1271-1273.
Note: Review.

Menne, T.; Nieboer, E. Metal contact dermititis: a common and potentially debilitating disease.
ENDEAVOUR, NEW SERIES; 1989; 13(3): 117-122.

Mentasti, E.; Coe, J.S.; Dlask, V. Simultaneous Kinetic Determination ofZinc, Magnesium, Copper and
Nickel by a Ligand Substitution-Reaction. ANALYST; 1985; 110(12): 1451-1455.
Note: Article.

Mentasti, E.; Porta, V.; Abollino, O.; Sarzanini, C. Trace-Metal Determination in Antarctic Seawater.
ANNALI DI CHIMICA; 1989; 79(11-1): 629437.

Menzel, D.B.; Boger, J.R.; Deal, D.L.; Francovitch, R.J.; Sandy, J.; Shoaf, C.R.; Tayyeb, M.I.;
Wilkinson, K.; Wolpert, R.L. Pharmacokinetic Modeling of the Lung Burden from Repeated Inhalation
of Nickel Aerosols. TOXICOLOGY Lal laRS; 1987; 38(1-2): 33&3.
Note: Article.

75



Menzel, D.B.; Deal, D.D.; Shoaf, C.R.; Wolpert, R.L. Predicting Human-Lung Burdens from Nickel
Aerosol Exposures. JOURNAL QF THE AMERICAN COLLEGE QF TOXICOLOGY; 1985; 4(6):
371-372.
Note: Meeting-Abstract.

Merritt, K.; Crowe, T.D.; Brown, S.A. Elimination of Nickel, Cobalt, and Chromium Following
Repeated Injections of High-Dose Metal-Salts. JOURNAL OF BIOMEDICAL MATERIALS
RESEARCH; 1989; 23(8): 845-862.
Note: Article.

Messmer, R.P.; Freund, H.J. Coordination of Carbon-Dioxide to Nickel - An Alternative
Theoretical-Model. ACS SYMPOSIUM SERIES; 1988; 363: 16-25.
Note: Review.

Mikalsen, S.O.; Holen, I.; Sanner, T. Morphological Transformation and Catalase Activity of
Syrian-Hamster Embryo Cells Treated with Hepatic Peroxisome Proliferators, Tpa and Nickel Sulfate.
CELL BIOLOGY AND TOXICOLOGY; 1990; 6(1): 1-13.
Note: Article.

Milicevic, N.M.; Milicevic, Z. Histochemistry of the Acutely Involved Thymus in Nickel
Chloride-Treated Rats. JOURNAL OF COMPARATIVE PATHOLOGY; 1989; 101(2): 143-150.
Note: Article.

Miller, L.; Brill, J.; Dodson, G. Multimission Nickel Hydrogen Battery Cells for the 1990s. JOURNAL
OF POWER SOURCES; 1990; 29(3-4): 533-539.
Note: Article.

Milne, J.S.; Price, J.; Whitelaw, F.G. The Effect of Supplementary Nickel on Urea Metabolism in Sheep
Given a Low-Protein Diet. ANIMAL PRODUCTION; 1988; 46(JUN): 507-507.
Note: Meeting-Abstract.

Milne, J.S.; Whitelaw, F.G.; Price, J.; Shand, W.J. The Effect of Supplementary Nickel on Urea
Metabolism in Sheep Given a Low Protein-Diet. ANIMAL PRODUCTION; 1990; 50(JUN): 507-512.
Note: Article.

Minear, R.A.; Frimmel, F.H. Prediction of Soluble Nickel Removal by Activated-Sludge Using Free
Metal-Ion Concentrations. WATER SCIENCE AND TECHNOLOGY; 1987; 19(7): 1098-1102.
Note: Discussion.

Ming, L.J.; Valentine, J.S. Nickel-Substituted Bovine Superoxide-Dismutase. ABSTRACTS OF PAPERS
OF THE AMERICAN CHEMICAL SOCIETY; 1986; 192(SEP): 193-.
Note: Meeting-Abstract.

Misra, M.; Athar, M.; Chandra, S.; Hasan, S.K.; Srivastava, R.C. Pharmacokinetics and Metabolic
Disposition of Nickel in Poisoned Rats - Effect of Chelating Drugs. CHEMOSPHERE; 1987; 16(1):
259-267.
Note: Article.

76



Misra, M.; Hasan, S.K.; Srivastava, R.C.; Athar, M. Alleviation of Nickel-Induced
Biochemical-Alterations by Chelating-Agents. FUNDAMENTAL AND APPLIED TOXICOLOGY; 1988;

11(2): 285-292.
Note: Article.

Misra, M.; Rodriguez, R.E.; Kasprzak, K.S. Nickel Induced Lipid-Peroxidation in the Rat - Correlation
with Nickel Effect on Antioxidant Defense Systems. TOXICOLOGY; 1990; 64(1): 1-17.
Note: Article.

Miszta, H.; Dabrowski, Z.; Spodaryk, K.; Szygula, Z. The Effect of Intrarenal Nickel Subsulfide
Injections upon the Activity of Selected Erythrocyte and Bone-Marrow Enzymes in Rats. ACTA
PHARMACOLOGICA ET TOXICOLOGICA; 1986; 59(5): 425-429.
Note: Article.

Mitani, T.; Ueno, T.; Nakamura, T. Characteristics of Heavy-Metals Removed from Activated-Sludge
by Acidification. AGRICULTURAL AND BIOLOGICAL CHEMISTRY; 1991; 55(2): 569-571.
Note: Note.

Miura, J. Masking Agents in the Spectrophotometric Determination of Metal-Ions with
2-(5-Bromo-2-Pyridylazo)-5-Diethylaminophenol and Non-Ionic Surfactant. ANALYST; 1989; 114(10):
1323-1329.

Miura, T.; Landolph, J.R.; Patierno, S.R.; Sakuramoto, T. Morphological and Neoplastic Transformation
of C3H-10T1/2 Cl-8 Mouse Embryo Cells by Insoluble Carcinogenic Nickel Compounds.
ENVIRONMENTAL AND MOLECULAR MUTAGENESIS; 1989; 14(2): 65-78.
Note: Article.

Mohanty, N.; Vass, I.; Demeter, S. Impairment of Photosystem-2 Activity at the Level of Secondary
Quinone Electron-Acceptor in Chloroplasts Treated with Cobalt, Nickel and Zinc Ions. PHYSIOLOGIA
PLANTARUM; 1989; 76(3): 386-390.
Note: Article.

Mohanty, P.K. Cyto-Toxic Effect of Nickel Chloride on the Somatic Chromosomes of Swiss Albino Mice
Mus-Musculus. CURRENT SCIENCE; 1987; 56(22): 1154-1157.
Note: Article.

Moiler, H. Nickel Allergy. CONTACT DERMATITIS; 1987; 17(3): 190-191.
Note: Letter.

Moiler, H. Nickel Dermatitis - Problems Solved and Unsolved. CONTACT DERMATITIS; 1990; 23(4):
217-220.
Note: Article.

Molot, L.A.; Dillon, P.J.; Booth, G.M. Whole-Lake and Nearshore Water Chemistry in Bowland Lake,
Before and After Treatment with CaCO3. CANADIAN JOURNAL OF FISHERIES AND AQUATIC
SCIENCES; 1990; 47(2): 412-421.

Mond, L. The History of My Process of Nickel Extraction (Reprinted from J Soc Chem IND, Vol 14,



Pos 945-946, 1895). JOURNAL OF ORGANOMETALLIC CHEMISTRY; 1990; 383(1-3): 7-10.

Note: Article.

Mond, L.; Langer, C.; Quincke, F. Action of Carbon-Monoxide on Nickel (Reprinted f'rom J Chem Soc,

Vol 57, Pg 749-753, 1890). JOURNAL OF ORGANOMETALLIC CHEMISTRY; 1990; 383(1-3): 1-5.

Note: Article.

Moorthy, T.T.; Tan, G.H. Nickel Sensitivity in Singapore. INTERNATIONAL JOURNAL OF

DERMATOLOGY; 1986; 25(5): 307-309.
Note: Note.

Morgan, A.J.; Gregory, Z.D.E.; Winters, C. Responses of the Hepatopancreatic B-Cells of a Terrestrial

Isopod, Oniscus-Asellus, to Metals Acuumulated from a Conominated Habitat - A Morphometric

Analysis. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 44(3):

363-368.

Morgan, L.G. Nickel toxicology. ENVIRONMENTAL GEOCHEMISTRY & HEALTH; 1989; 11(3%):

75-76.

Morozova, L.N.; Isaeva, L.S.; Petrovskii, P.V.; Kravtsov, D.N.; Min, S.F.; Kalinin, V.N. Nickel

Sigma-Sydnonyl Complexes, Stabilized by Tertiary Phosphines. JOURNAL OF ORGANOMETALLIC

CHEMISTRY; 1990; 381(2): 281-284.
Note: Article.

Morrison, G.M.P. Bioavailable metal uptake rate in urban stormwater determined by dialysis with

receiving resins. HYDROBIOLOGIA; 1989; 176/177: 491%95.

Morrow, R.; Haggarty, S. The Nickel Plate Mill. CIM BULLETIN; 1988; 81(915): 4&46.
Note: Meeting-Abstract.

Mostaghimi, S.; Heatwole, C.D.; Deizman, M.M.; Dillaha, T.A. Impact of Land Application of
Sewage-Sludge on Runoff Water-Quality. TRANSACTIONS OF THE ASAE; 1989; 32(2): 491%96.

Moura, I.; Berlier, M.; Faugue, G.; Legall, J.; Lespinat, P.A.; Moura, J.J.G.; Saintmartin, P.; Teixeira,

M.; Xavier, A.V. Spectroscopic Studies of Cobalt and Nickel Substituted Rubredoxin. RECUEIL DES

TRAVAUX CHIMIQUES DES PAYS-BAS-JOURNAL OF THE ROYAL NETHERLANDS

CHEMICAL SOCIETY; 1987; 106(6-7): 418&18.
Note: Meeting-Abstract.

Moura, J.J.G.; Moura, I.; Legall, J.; Xavier, A.V.; Teixeira, M.; Fauque, G.D. Nickel-Containing

Hydrogenases. METAL IONS IN BIOLOGICAL SYSTEMS; 1988; 23: 285-314.
Note: Review.

Moura, J.J.G.; Moura, I.; Teixeira, M. The Role of Nickel and Iron Sulfur Centers in the Bioproduction

of Hydrogen. PURE AND APPLIED CHEMISTRY; 1989; 61(5): 915-921.
Note: Article.

Mozzanica, N.; Rizzolo, L.; Veneroni, G.; Diotti, R.; Hepeisen, S.; Finzi, A.F. HLA-A, B, C and Dr

78



Antigens in Nickel Contact Sensitivity. BRITISH JOURNAL OF DERMATOLOGY; 1990; 122(3):
309-313.
Note: Article.

Muenzinger, A. Effects of nickel on Daphnia magna during chronic exposure and alterations in the
toxicity to generations pre-exposed to nickel. WATER RESEARCH; 1990; 24(7): 845-852.

Mulrooney, S.B; Hausinger, R.P. Sequence of the Kelbsiella aerogenes Urease Genes and Evidence for
Accessory Proteins Facilitating Nickel Incorporation. JOURNAL OF BACTERIOLOGY; 1990; 172(10):
5837-5843.

Munawar, M., Gregor, D., Daniels, S.A.; Norwood, W.P. A ssensitive screening bioassay technique
for the toxicological assessment of small quantities of contaminated bottom or suspended sediments.
HYDROBIOLOGIA; 1989; 176/177: 497-507.

Munawar, M.; Thomas, R.L. Sediment toxicity testing in two areas of concern of the Laurentian Great
Lakes: Toronto (Ontario) and Toledo (Ohio) Harbours. HYDROBIOLOGIA; 1989; 176/177: 397-409.

Munder, A.; Ballschmiter, K. Chromatography of Metal-Chelates .11. Trace Analysis of Cadmium,
Cobalt, Copper, Mercury and Nickel in Water Using bis(Ethoxyethyl)Dithiocarbamate As Reagent for
RP C-18-HPLC and Photometric Detection. FRESENIUS ZEITSCHRIFT FUR ANALYTISCHE
CHEMIE; 1986; 323(8): 869-874.
Note: Article.

Munzinger, A. Effects of nickel on Daphnia magna during chronic exposure and alterations in the toxicity
to generations pre-exposed to nickel. WATER RESEARCH; 1990; 24(7): 845-852.

Muralidhan, S.; Burke, E.; Freiser, H. Equilibrium and Kinetic-Studies on the Complexation of
Nickel(II) by 8-Quinolinols in Micelles ad Microemulsions of Neutral and Charged Surfactants.
ABSTRACTS OF PAPAERS OF THE AMERICAN CHEMICAL SOCIETY; 1990; 199(APR): 39.

Muramoto, S.; Oki, Y.; Nishizaki, H.; Aoyama, I. Variation in Some Element Contents of Water
Hyacinth Due to Cadmium or Nickel Treatment with or Without Anionic Surface-Active Agents.
JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL
SCIE" CE AND ENGINEERING; 1989; 24(8): 925-934.
Note. Article.

Murillo, J.A.; Salinas, F.; Delapena, A.M.; Lemus, J.M. Simultaneous Determination of Cobalt and
Nickel by 1st-Derivative Spectrophotometry. ANALYST; 1988; 113(9): 1439-1442.
Note: Article.

Murthy, C.P.; Rao, T.N.; Sethuram, B. Oxidation by Tetravalent Nickel .1. Kinetics of
Electron-Transfer from Some Aliphatic-Alcohols to Ni(IV) in Aqueous Alkaline Media. ZEITSCHRIFT
FUR PHYSIKALISCHE CHEMIE-LEIPZIG; 1986; 267(6): 1212-1218.
Note: Article.

Myking, A.O.; Morkve, O.; Raithel, H.J.; Schaller, L.H.; Akslen, L.A.; Gulsvik, A. Increased Content
of Chromium and Nickel in Lung-Tissue from Patients with Bronchial-Carcinoma. JOURNAL OF

79



PATHOLOGY; 1989; 158(4): A355-A355.
Note: Meeting-Abstract.

Nagy, L., Yamaguchi, T., Korecz, L.; Burger, K. Comparison of the local structures of common (Cu,
Fe, Mn, Zn), Toxic (Ni, Ag) and Therapeutic (Sn) metal complexes formed with carbohydrates and
nucieotides. PROGRESS IN CLINICAL AND BIOLOGICAL RESEARCH; 1990: 558-561.

Nair, N.B.; Abdul-Azis, P.K.

Nancheva, N.M.; Saarinen, K. Positron Lifetime Studies of Shock Loaded Nickel. SCRIPTA
METALLURGICA; 1986; 20(8): 1085-1088.
Note: Article.

Nath, K.; Kumar, N. Gonadal Histopathology Following Nickel Intoxication in the Giant Gourami
Colisa-Fasciatus (Bloch and Schneider), a Fresh-Water Tropical Perch. BULLETIN OF
ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 45(2): 299-304.
Note: Article.

Nath, K.; Kumar, N. Hyperglycemic response of Heteropneustes fossilis exposed to nickel. ACTA
HYDROCHIMICA ET HYDROBIOLOGIA; 1988; 16: 333-336.

Nath, K.; Kumar, N. Nickel-Induced Histopathological Alterations in the Gill Architecture of a Tropical
Fresh-Water Perch, Colisa-Fasciatus (Bloch and Schn). SCIENCE OF THE TOTAL ENVIRONMENT;
1989; 80(2-3): 293-296.
Note: Note.

Nayel, S.; Eltabbakh, G.; Gawad, A.A.; Gawish, S.; Mokhtar, A.; Zahran, M. Serum Nickel
Concentration in Normal Menstrual-Cycle and After Combined Contraceptive Pill. CONTRACEPTION;
1986; 34(4): 395M1.
Note: Article.

Nebeker, A.V.; Chapman, G.A.; Savonen, C.; Stinchfield, A. Effects of Copper, Nickel and Zinc on
3 Species of Oregon Fresh-Water Snails. ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY;
1986; 5(9): 807-811.
Note: Article.

Nethercott, J.R.; Holness, D.L. Cutaneous Nickel Sensitivity in Toronto, Canada. JOURNAL OF THE
AMERICAN ACADEMY OF DERMATOLOGY; 1990; 22(5): 756-761.
Note: Article.

Neumann, P.M.; Charnel, A. Comparative Phloem Mobility of Nickel in Nonsenescent Plants. PLANT
PHYSIOLOGY; 1986; 81(2): 689491.
Note: Note.

Neumann, P.M.; Charnel, A. Comparative Phloem Mobility of Nickel in Nonsenescent Plants. PLANT
PHYSIOLOGY; 1986; 81(2): 689491.
Note: Note.

80



Newton, M.P.; Vandenberg, C.M.G. Determination of Nickel, Cobalt, Copper and Uranium in Water

by Cathodic Stripping Chronopotentiometry with Continuous-Flow. ANALYTICA CHIMICA ACTA;

1987; 199(AUG): 59-76.
Note: Article.

Ngoc, L.H.; Whitehead, N.E. Nickel and Cobalt Determination in the North-Western Mediterranean by
Differential Pulse Cathodic Stripping Voltammetry. OCEANOLOGICA ACTA; 1986; 9(4): 433&38.

Note: Article.

Ni, Z.M.; Shan, X.Q.; Jin, L.Z.; Luan, S.; Zhang, L.; Subramanian, K.S. Arsenic, Bismuth, Copper,

Lead, Nickel, and Selenium in Some Biological Samples - Determination by Graphite-Furnace

Atomization-Atomic Absorption Spectrometry. ACS SYMPOSIUM SERIES; 1991; 445: 206-214.

Note: Review.

Nicolaidou, A.; Nott, J.A. Heavy-Metal Pollution Induced by a Ferro-Nickel Smelting Plant in Greece.

SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 84(AUG): 113-117.

Note: Article.

Nieboer, E.; Menon, C.R.; Rossetto, F.E. Toxicology of Nickel Compounds. METAL IONS IN

BIOLOGICAL SYSTEMS; 1988; 23: 359M2.
Note: Review.

Nieboer, E.; Tom, R.T.; Sanford, W.E. Nickel Metabolism in Man and Animals. METAL IONS IN

BIOLOGICAL SYSTEMS; 1988; 23: 91-121.
Note: Review.

Nielsen, G.D.; Jepsen, L.V.; Jorgensen, P.J.; Grandjean, P.; Brandrup, F. Nickel-Sensitive Patients with

Vesicular Hand Eczema - Oral Challenge with a Diet Naturally High in Nickel. BRITISH JOURNAL OF

DERMATOLOGY; 1990; 122(3): 299-308.
Note: Article.

Nielsen, J.S.; Cantwell, F.F.; Hrudey, S.E. Prediction of Soluble Nickel Removal by Activated-Sludge

Using Free Metal-Ion Concentrations. WATER SCIENCE AND TECHNOLOGY; 1987; 19(3Q):

439~8.
Note: Article.

Nies, D.H.; Silver, S. Metal-Ion Uptake by a Plasmid-Free Metal-Sensitive Alcaligenes-Eutrophus Strain.

JOURNAL OF BACTERIOLOGY; 1989; 171(7): 4073M75.

Nieto, J.J., Fernandez-Castillo, R., Marquez, M.C., Ventosa, A., Quesada, E.; Ruiz-Berraquero, F.
Survey of metal tolerance in moderately halophilic eubacteria. APPLIED AND ENVIRONMENTAL

MICROBIOLOGY; 1989; 55(9): 2385-2390.

Nieto, J.J., Ventosa, A., Montero, C.G.; Ruiz-Berraquero, F. Toxicity ofheavy metals to archaebacterial

halococci. SYST. APPL. MICROBIOL.; 1989; 11(2): 116-120.

81



Nikitina, Z.K.; Rosolovskii, V.Y.; Krivtsov, N.V. Cobalt and Nickel Perchlorates and Their Hydrates.ZHURNAL NEORGANICHESKOI KHIMII; 1989; 34(5): 1218-1223.Note: Article.

Nikolskii, V.A.; Bekreneva, L.A.; Garmash, L.A.; Makashev, Y.A.; Mikhailova, K.A.; Raikhelson,L.B.; Shchelkunova, L.I. Preparation and Properties of a Compound Containing Nickel in HighestOxidation-States. JOURNAL OF APPLIED CHEMISTRY OF THE USSR; 1985; 58(10): 2169-2170.Note: Note.

Nimmo, M.; Brown, J.; Vandenberg, C.M.G. The Chemical Speciation of Dissolved Nickel, Copper,Vanadium and Iron in Liverpool Bay, Irish Sea. ESTUARINE COASTAL AND SHELF SCIENCE;1989; 29(1): 57-74.
Note: Article.

Niviere, V.; Forget, N.; Bonicel, J.; Bovierlapierre, G.; Hatchikian, C. Isolation, Amino-Acid Analysisand N-Terminal Sequence Determination of the 2 Subunits of the Nickel-Containing Hydrogenase ofDesulfovibrio-Gigas. BIOCHIMIE; 1988; 70(2): 267-271.Note Article.

Nixon, D.E.; Moyer, T.P.; Squillace, D.P.; Mccarthy, J.T. Determination of Serum Nickel byGraphite-Furnace Atomic-Absorption Spectrometry with Zeeman-Effect Background Correction -Values'na Normal Population and a Population Undergoing Dialysis. ANALYST; 1989; 114(12): 1671-1674.Note: Article.

Nolting, R.F. Copper, Zinc, Cadmium, Nickel, Iron and Manganese in the Southern Bight of theNorth-Sea. MARINE POLLUTION BULLETIN; 1986; 17(3): 113-117.Note: Article.

Nordlind, K. Modulating Effects of Heparin Preparations on the DNA-Synthesis Response of HumanPeripheral-Blood Lymphocytes-T Activated by Mercuric-Chloride and Nickel Sulfate. INTERNATIONALARCHIVES OF ALLERGY AND APPLIED IMMUNOLOGY; 1987; 84(2): 156-158.Note: Article.

Nordlind, K.; Mutt, V. Modulating Effect of Beta-Endorphin, Somatostatin, Substance-P and VasoactiveIntestinal Peptide on the Proliferative Response of Peripheral-Blood Lymphocytes-T of Nickel-AllergicPatients to Nickel Sulfate. INTERNATIONAL ARCHIVES OF ALLERGY AND APPLIEDIMMUNOLOGY; 1986; 81(4): 368-370.
Note: Article.

Nordlind, K.; Sundstrom, E. Different Modulating Effects of the Monoamines Adrenaline, Noradrenaline,and Serotonin on the DNA-Synthesis Response of Human Peripheral-Blood Lymphocytes-T Activated byMercuric-Chloride and Nickel Sulfate. INTERNATIONAL ARCHIVES OF ALLERGY AND APPLIEDIMMUNOLOGY; 1988; 87(3): 317-320.
Note: Article.

Novelli, E.L.B.; Ribas, B.O.; Rodrigues, N.L. Effect of Nickel Chloride on Streptozotocin-InducedDiabetes in Rats. CANADIAN JOURNAL OF PHYSIOLOGY AND PHARMACOLOGY; 1988; 66(5):663M5.

82



Note: Note.

Novelli, E.L.B., Rodrigues, N.L., Nagahashi, A.M., Sforcin, J.M.; Ribas, B.O. Nickel chloride effects

on erythrocyte generation of superoxide radical. BRAZILIAN JOURNAL OF MEDICAL AND

BIOLOGICAL RESEARCH; 1990; 23(8): 643447.

Novelli, E.L.B.; Rodrigues, N.L.; Ribas, B.O. Nickel Chloride Protection Against Alloxan-Induced and

Streptozotocin-Induced Diabetes. BRAZILIAN JOURNAL OF MEDICAL AND BIOLOGICAL

RESEARCH; 1988; 21(1): 129-132.
Note: Letter.

Nriagu, J.O. A global assessment of natural sources of atmospheric trace metals. NATURE; 1989;

338(6210): 47%9.

NTIS. Bioaccumulation of heavy metals by fish. January 1977-April 1990 (a bibliography from the

Selected Water Resources Abstracts database).; 1990: 132 pp.; ISSN: PB90-865585/GAR.
Note: 220 ref.

NTIS. Biological effects and environmental fate of antifouling substances. January 1978-July 1989

(citations from the Life Sciences Collection Database); 1989; ISSN: PB89-867451/GAR.
Note: 152 ref.

NTIS. Health assessment for Ventron/Velsicol, Wood Ridge Borough, Bergen County, New Jersey,
Region 2. CERCLIS No. NJD980529879; 1989; ISSN: PB90-137746/GAR.
Note: 8 pp.

NTIS. Health assessment for Horstmann's Dump, East Hanover, New Jersey, Region 2. CERCLIS No.
NJD981084577.

NTIS. Health assessment for Pollution Abatement Services (PAS), Oswego. New York, Region 2.
CERCLIS No. NYD000511659.

NTIS. New York Harbor Water Quality Survey, 1987; 1989; ISSN: PB89-147276/GAR.
Note: 153 pp.

NTIS. Toxicity of nickel. February 1970-September 1989; 1989; ISSN: PB89-873632/GAR.
Note: 228 ref.

NTIS. Toxicity bioassays: Water pollution effects on aquatic anaimals and plants. June 1986-February
1990 (a bibliography Rom the Selected Water Resource Abstracts database).; 1990: 97 pp.; ISSN:
PB90-862798/GAR.
Note: 145 ref.

NTIS. Water pollution: Uptake of heavy metals by shellfish and marine plants. January 1974-December
1989 (A bibliography from Oceanic Abstracts); 1990: 128 pp.; ISSN: PB90-861907/GAR.
Note: 276 ref.

Nunn, P.B.; Pyburn, S.I.; Pettit, L.D.; Obrien, P. Complexes of Zinc, Copper, and Nickel with the

83



Nonprotein Amino-Acid L-Alpha-Amino-Beta-Methylaminopropionic Acid - A Naturally-OccurringNeurotoxin. JOURNAL OF INORGANIC BIOCHEMISTRY; 1989; 37(2): 175-183.Note: Article.

Oakley, A.M.M.; Carr, M.M.; Ive, F.A. Skin Clips Are Contraindicated When There Is Nickel Allergy.JOURNAL OF THE ROYAL SOCIETY OF MEDICINE; 1987; 80(5): 290-291.Note: Article.

Oehme, M.; Bjerke, B.; Mano, S. Formation of Polychlorinated Dibenzofurans andDibenzo-Para-Dioxins by Production Processes for Magnesium and Refined Nickel. CHEMOSPHERE;1989; 18(7-8): 1379-13&9.

Ohchi, H.; Gunshin, H.; Katayama, T.; Kato, N. Effect of Dietary PCB on the Metabolism of 8Trace-Elements (Iron, Zinc, Copper, Manganese, Molybdenum, Chromium, Nickel and Cobalt) in Rats.NUTRlTION REPORTS INTERNATIONAL; 1986; 33(1): 157-162.
Note: Article.

Ohmori, T., Uraga, N., Komi, K., Tabei, R.; Shibata, T. The role of bone fracture at the site ofcarcinogen exposure on nickel carcinogenesis in so& tissue. JAPANESE JOURNAL OF CANCERRESEARCH; 1990; 81(12): 1247-1253.

Ohmori, T.; Uraga, N.; Komi, K.; Tabei, R.; Shibata, T. The Role of Bone-Fracture at the Site ofCarcinogen Exposure on Nickel Carcinogenesis in the Soft-Tissue. JAPANESE JOURNAL OF CANCERRESEARCH; 1990; 81(12): 1247-1252.
Note: Article.

Ohta, K.; Mizuno, T. Effect of Hydrogen on Atomic-Absorption of Iron, Cobalt and Nickel.ANALYTICA CHIMICA ACTA; 1989; 217(2): 377-382.
Note: Note.

Okamoto, M. Induction of Ocular Tumors and Inhibition of Lens Regeneration by Nickel Subsulfide inthe Lentectomized Eyes of the Japanese Common Newt, Cynops-Pyrrhogaster. ARCHIVES DANATOMIE MICROSCOPIQUE ET DE MORPHOLOGIE EXPERIMENTALE; 1986; 75(4): 306-307.Note: Meeting-Abstract.

Okamoto, M. Induction of Ocular Tumor by Nickel Subsulfide in the Japanese Common Newt,Cynops-Pyrrhogaster. CANCER RESEARCH; 1987; 47(19): 5213-5217.Note: Article.

Okamoto, M. Inhibition of Lens Regeneration by Nickel Subsulfide in the Japanese Common Newt,Cynops-Pyrrhogaster. DEVELOPMENT GROWTH 8c DIFFERENTIATION; 1988; 30(1): 75-80.Note: Article.

Okoye, B.C.O., Afolabi, O.A.; Ajao, E.A.

Olerup, O.; Emtestam, L. Allergic Contact-Dermatitis to Nickel Is Associated with a Taq-I HLA-DqaAllelic Restriction Fragment. IMMUNOGENETICS; 1988; 28(5): 310-313.Note: Article.



Oleszkiewicz, J.A.; Sharma, V.K. Stimulation and Inhibition of Anaerobic Processes by Heavy-Metals- A Review. BIOLOGICAL WASTES; 1990; 31(1): 4547.

Oliveira, L.; Antia, N.J. Nickel Ion Requirements for Autotrophic Growth of Several Marine Microalgaewith Urea Serving As Nitrogen-Source. CANADIAN JOURNAL OF FISHERIES AND AQUATICSCIENCES; 1986; 43(12): 2427-2433.
Note: Article.

Oliveira, L.; Antia, N.J. Some Observations on the Urea-Degrading Enzyme of the DiatomCyclotella-Cryptica and the Role of Nickel in Its Production. JOURNAL OF PLANKTON RESEARCH;1986; 8(2): 235-242.
Note: Article.

Oliveira, L.; Huynh, H. Phototrophic growth of microalgae with allantoic acid or hypoxanthine servingas nitrogen source, implications for purine-N utilization. CANADIAN JOURNAL OF FISHERIES ANDAQUATIC SCIENCES; 1990; 47(2): 351-356.

Oneill, H.S.; Wall, V.J. The Olivine Ortho-Pyroxene Spinel Oxygen Geobarometer, the NickelPrecipitation Curve, and the Oxygen Fugacity of the Earths Upper Mantle. JOURNAL OFPETROLOGY; 1987; 28(6): 1169-1191.
Note: Article.

Oneill, S.C.; Valdeolmillos, M.; Eisner, D.A. The Effects of Nickel on Contraction and MembraneCurrent in Isolated Rat Myocytes. QUARTERLY JOURNAL OF EXPERIMENTAL PHYSIOLOGYAND COGNATE MEDICAL SCIENCES; 1988; 73(6): 1017-1020.
Note: Article.

Ong, C.N.; Chua, L.H.; Lee, B.L.; Ong, H.Y.; Chia, K.S. Electrothermal Atomic-AbsorptionSpectrometric Determination of Cadmium and Nickel in Urine. JOURNAL OF ANALYTICALTOXICOLOGY; 1990; 14(1): 29-33.
Note: Article.

Onwumere, B.G.; Oladimeji, A.A. Accumulation ofMetals and Histopathology in Oreochromis-NiloticusExposed to Treated Nnpc Kaduna (Nigeria) Petroleum Refinery Effluent. ECOTOXICOLOGY ANDENVIRONMENTAL SAFETY; 1990; 19(2): 123-134.

Orhon, D.; Talinli, I.; Artan, N. Nickel and Cadmium Inhibition of Activated-Sludge at ExtremeSubstrate Levels. TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1989; 20-1: 471&83.Note: Article.

Oscar, T.P.; Shih, J.C.H.; Spears, J.W. Performance, Methanogenesis and Nitrogen-Metabolism ofFinishing Steers Fed Monensin and Nickel. JOURNAL OF ANIMAL SCIENCE; 1987; 64(3): 887-896.Note: Article.

Oscar, T.P.; Spears, J.W. Incorporation of Nickel into Ruminal Factor-F430 As Affected by Monensinand Formate. JOURNAL OF ANIMAL SCIENCE; 1990; 68(5): 1400-1404.
Note: Article.



Oscar, T.P.; Spears, J.W. Nickel-Induced Alterations of Invitro and Invivo Ruminal Fermentation.JOURNAL OF ANIMAL SCIENCE; 1988; 66(9): 2313-2324.
Note: Article.

Otaka, T.; Araki, K.; Saito, M.; Vanantwerp, W. Some Physical and Magnetic-Properties of ElectrolessNickel. PLATING AND SURFACE FINISHING; 1987; 74(5): 42-42.Note: Meeting-Abstract.

Ottley, C3.; Harrison, R.M. The Atmospheric Input Flux of Trace-Metals to the North-Sea - A Reviewand Recommendations for Research. SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 100(MAR):301-318.
Note: Review.

Pacchioni, G.; Fantucci, P. Bonding in Nickel Cluster Carbonyls. ZEITSCHRIFT FUR PHYSIKD-ATOMS MOLECULES AND CLUSTERS; 1989; 12(1&): 395-397.Note: Article.

Paez-Osuna, F.; Marmolejo-Rivas, C. Occurrence and seasonal variation of heavy metals in the oysterSaccostrea iridescens. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY;1990; 44(1): 129-134.

Pai, S.C., Fang, T.S., Chen, C.T.A.; Jeng, K.L. A low contamination chelex-100 technique forshipboard pre-concentration ofheavy metals in seawater. MARINE CHEMISTRY; 1990; 29(4): 295-306.

Paktunc, A.D. Comparative Geochemistry of Platinum-Group Elements of Nickel-Copper SulfideOccurrences Associated with Mafic-Ultramafic Intrusions in the Appalachian Orogen. JOURNAL OFGEOCHEMICAL EXPLORATION; 1990; 37(1): 101-111.
Note: Article.

Paktunc, A.D. Petrology of the St Stephen Intrusion and the Genesis of Related Nickel-Copper SulfideDeposits. ECONOMIC GEOLOGY; 1989; 84(4): 817-840.
Note: Article.

Paktunc, A.D.; Hulbert, L.J.; Harris, D.C. Partitioning of the Platinum-Group and Other Trace-Elementsin Sulfides from the Bushveld Complex and Canadian Occurrences of Nickel Copper Sulfides.CANADIAN MINERALOGIST; 1990; 28(SEP): 475%88.
Note: Article.

Palmer, JG.R., Dixit, S.S., MacArthur, J.D.; Smol, J.P. Elemental analysis of lake sediment fromSudbury, Canada, using particle-induced x-ray emission. SCIENCE OF THE TOTAL ENVIRONMENT;1989; 87/88: 141-156.

Pandey, B.D.; Kumar, V. Extraction of Copper and Nickel from Ammoniacal Leach Liquor ofIndian-Ocean Sea Nodules. HYDROMETALLURGY; 1991; 26(1): 35-45.Note: Article.

Pandya, K.I.; Mcbreen, J.; Ogrady, W.E.; Corrigan, D.A.; Hogan, R.W. EXAFS Investigations ofNickel Hydroxides and Nickel-Oxide Electrodes. JOURNAL OF THE ELECTROCHEMICAL

86



SOCIETY; 1988; 135(3): C150-C150.
Note: Meeting-Abstract.

Pantani, C.; Ghetti, P.F.; Cavacini, A.; Muccioni, P. Acute Toxicity of Equitoxic Binary-Mixtures ofSome Metals, Surfactants and Pesticides to the Fresh-Water Amphipod Gammarus-Italicus Goedm.
ENVIRONMENTAL TECHNOLOGY; 1990; 11(12): 1143-1146.
Note: Article.

Papunen, H. Platinum-Group Elements in Svecokarelian Nickel-Copper Deposits, Finland. ECONOMIC
GEOLOGY; 1986; 81(5): 1236-1241.
Note: Article.

Paran, J.H.; Sharma, s.; Qureshi, A.A. A rapid and simple toxicity assay based on growth rate inhibitionof Pseudomonas fluorescens. TOXICITY ASSESSMENT: AN INTERNATIONAL JOURNAL; 1990;
5(4): 351-365.

Pardo, R., Barrado, E., Perez, L.; Vega, M. Determination and speciation of heavy metals in sedimentsof the Pisuerga River. WATER RESEARCHY; 1990; 24(3): 373-379.

Parker, S.C.; Lawlor, F.; Black, M.M.; Hamblin, A.S. Comparison of the Ability ofHuman LangerhansCells to Present a Contact Allergen (Nickel) and Other Recall Antigens to Highly Purified T-Cells.
JOURNAL OF INVESTIGATIVE DERMATOLOGY; 1989; 93(2): 305-305.
Note: Meeting-Abstract.

Paschal, D.C. Biological Monitoring with Atomic Spectroscopy. SPECTROCHIMICA ACTA PARTB-ATOMIC SPECTROSCOPY; 1989; 44(12): 1229-1236.

Paschal, D.C.; Bailey, G.G. Determination of Nickel in Urine with Graphite-Furnace AAS UsingZeeman Correction. SCIENCE OF THE TOTAL ENVIRONMENT; 1989; 89(3): 305-310.

Patierno, S.R.; Costa, M. DNA-Protein Cross-Links Induced by Nickel Compounds in Intact CulturedMammalian-Cells. CHEMICO-BIOLOGICAL INTERACTIONS; 1985; 55(1-2): 75-91.
Note: Article.

Patierno, S.R.; Costa, M. Nickel Ions Preferentially Affect a Magnesium-Insoluble Fraction of Sonicated
Chinese-Hamster Ovary (CHO) Cell Chromatin. PROCEEDINGS OF THE AMERICAN ASSOCIATION
OF CANCER RESEARCH; 1986; 27(MAR): 101-101.
Note: Meeting-Abstract.

Paulson, A.J., Curl, H.C.; Feely, R.A. Estimates of trace metal inputs from non-point sources dischargedinto estuaries. MARINE POLLUTION BULLETIN; 1989; 20(11): 549-555.

Pavoni, B.; Donazzolo, R.; Marcomini, A. A Comparison Between 2 Analytical Methods for theDetermination of Copper, Cobalt, Nickel, Cadmium, Lead, Zinc, Iron and Chromium inMarine-Sediments. ANNALI DI CHIMICA; 1987; 77(54): 551-562.
Note: Article.

Paxton, A.T.; Methfessel, M.; Polatoglou, H.M. Structural Energy-Volume Relations in 1st-Row

87



Transition-Metals. PHYSICAL REVEIW BCONDENSED MATTER; 1990; 41(12): 8127-8138.
Pecegueiro, M. Contact-Dermatitis Due to Nickel in Fertilizers. CONTACT DERMATITIS; 1990; 22(2):114-115.
Note: Note.

Pedersen, L.M.; Christensen, J.M. Chromium, Nickel and Cadmium in Biological-Fluids in Patients withRheumatoid-Arthritis Compared to Healthy Controls. ACTA PHARMACOLOGICA ETTOXICOLOGICA; 1986; 59(S7): 392-395.
Note: Article.

Pederson, D.M.; Daday, A.; Smith, G.D. The Use of Nickel to Probe the Role ofHydrogen Metabolismin Cyanobacterial Nitrogen-Fixation. BIOCHIMIE; 1986; 68(1): 113-120.Note: Article.

Peerzada, N.; Dickinson, C. Metals in oysters from the Arnhem Land coast, Northern Territory,Australia. MARINE POLLUTION BULLETIN; 1989; 20(3): 144-145.

Peerzada, N.; Eastbrook, C.; Guinea, M. Heavy metal concentration in Telescopium from DarwinHarbour, N.T., Australia. MARINE POLLUTION BULLETIN; 1990; 21(6): 307-308.
Peinado, J.; Florindo, J.; Garciaalfonso, C.; Martinezgalisteo, E.; Llobell, A.; Lopezbarea, J. MetalsAre Directly Involved in the Redox Interconversion of Saccharomyces-Cerevisiae Glutathione-Reductase.MOLECULAR AND CELLULAR BIOCHEMISTRY; 1991; 101(2): 175-187.Note: Article.

Pennington, J.A.T.; Jones, J.W. Molybdenum, Nickel, Cobalt, Vanadium, and Strontium in Total Diets.JOURNAL OF THE AMERICAN DIELLTIC ASSOCIATION; 1987; 87(12): 1644-1650.Note: Article.

Perezurria, E.; Legaz, M.E.; Vicente, C. The Function of Nickel on the Urease Activity of the LichenEvernia-Prunastri. PLANT SCIENCE; 1986; 43(1): 37%3.Note: Article.

Perkov, I.G.; Drozd, A.V.; Artsebashev, G.V. Joint Extraction-Photometric Determination of Iron,Nickel, Copper, Zinc, and Cadmium in Wastewaters by Pan and Dithizone. JOURNAL OFANALYTICAL CHEMISTRY OF THE USSR; 1989; 44(8): 1190-1197.Note: Article.

Petitglatron, M.F.; Monteil, I.; Benyahia, F.; Chambert, R. Bacillus-Subtilis Levansucrase - Amino-AcidSubstitutions at One Site Affect Secretion Efficiency and Refolding Kinetics Mediated by Metals.MOLECULAR MICROBIOLOGY; 1990; 4(12): 2063-2070.Note: Article.

Petruzzelli, G.; Lubrano, L.; Guidi, G. Uptake by Corn and Chemical Extractability of Heavy-Metalsfrom a 4-year Compost Treated Soil. PLANT AND SOIL; 1989; 116(1): 23-27.

Petruzzelli, G.; Pezzarossa, B.; Lubrano, L.; Szymura, I. Chemical Speciation of Heavy-Metals in

88



Different Size Fractions of Compost from Solid Urban Wastes. ENVIRONMENTAL TECHNOLOGY
Lt, t lsRS; 1989; 10(5): 521-526.

Pettit, L.D.; Liman, F.; Kozlowski, H.; Reverend, B.D.; Pyburn, S. Coordination of Nickel(II) Ions byAngiotensin-II and Its Peptide-Fragments - Potentiometric, Proton Nuclear Magnetic-Resonance and
Circular-Dichroism Spectroscopic Study. JOURNAL OF THE CHEMICAL SOCIETY-DALTON
TRANSACTIONS; 1989; (8): 1471-1475.

Picardo, M.; Zompetta, C.; Deluca, C.; Cristaudo, A.; Cannistraci, C.; Faggioni, A.; Santucci, B.
Nickel Keratinocyte Interaction - A Possible Role in Sensitization. BRITISH JOURNAL OF
DERMATOLOGY; 1990; 122(6): 729-735.
Note: Article.

Pickell, J.R. The Namew Lake Nickel Copper Discovery, Flin Flon, Manitoba. GEOSCIENCE
CANADA; 1988; 15(2): 120-120.
Note: Meeting-Abstract.

Pickrell, J.A.; Benson, J.M.; Brooks, A.L.; Good, D.J.; Henderson, R.F. Changes in Collagen and
DNA from Nickel Subsulfide Injured Pulmonary Alveolar Macrophages Cultured with Lung Fibroblasts.
JOURNAL OF CELLULAR BIOCHEMISTRY; 1987; (S11A): 37-37.
Note: Meeting-Abstract.

Piezzi, R.S.; Gutierrez, L.; Fogal, T; Neonatal and Adult Adrenal-Cortex - Intercellular Permeabilityto Nickel Nitrate. TISSUE & CELL; 1990; 22(5): 697-704.
Note: Article.

Pigatto, P.D.; Gibelli, E.; Fumagalli, M.; Bigardi, A.; Morelli, M.; Altomare, G.F.
Disodium-Cromoglycate Versus Diet in the Treatment and Prevention of Nickel-Positive Pompholyx.CONTACT DERMATITIS; 1990; 22(1): 27-31.
Note: Article.

Pinhas, A.R.; Hershberger, J.W. Redox Behavior ofNickel Acylate Complexes. ORGANOMETALLICS;
1990; 9(10): 2840-2843.
Note: Note.

Pitt, J.L.; Hossner, L.R.; Melton, J.R. Nickel, Cadmium, and Selenium Levels in Native Soil,Overburden, and Spoil Materials. JOURNAL OF ENVIRONMENTAL QUALITY; 1986; 15(2):113-116.
Note: Article.

Plath, P.J.; Jourdan, A.; Diegruber, H. Spectroscopic and Magnetic-Properties of
Nickel-Dimethylglyoxime Within Zeolites - Possible One-Dimensional Metal-Metal Bonding.ZEITSCHRIFT FUR PHYSIKALISCHE CHEMIE-LEIPZIG; 1990; 271(4): 665-681.
Note: Article.

Pomeroy, R.S.; Kolczynski, J.D.; Sweedler, J.V.; Denton, M.B. Analysis of Microgram Amounts ofParticulate Material by Simultaneous Multiwavelength AES. MIKROCHIMICA ACTA; 1989; 3(3-6):347-353.

89



Porter, M.R.; Francko, D.A. EfFect of Heavy-Metals on Short-Term Photosynthetic Rates inPotamogeton-Amplifolius. JOURNAL OF AQUATIC PLANT MANAGEMENT; 1991; 29(JAN): 51-53.Note: Note.

Pospisil, M. Physicochemical Properties and Hydrogen Reduction Reactivity of Nickel and Cobalt MixedOxides of Various Stoichiometry. JOURNAL OF THERMAL ANALYSIS; 1990; 36(2): 489-502.Note: Article.

Poston, T.M.; Klopfer, D.C. Concentration Factors Used in the Assessment of Radiation-Dose toConsumers of Fish - A Review of 27 Radionuclides. HEALTH PHYSICS; 1988; 55(5): 751-766.Note: Review.

Pott, F., Rippe, R.M., Roller, M., Csicsaky, M., Rosenbruch, M.; Huth, F. Tumours in the abdominalcavity of rats after interperitoneal injection of nickel compounds. HEAVY METALS IN THEENVIRONMENT, GENEVA; SEPT 1989; 2: 127-129.

Poulton, M.; Pascoe, D. Disruption ofPrecopula in Gammarus-Pulex (L) - Development of a BehaviouralBioassay for Evaluating Pollutant and Parasite Muced Stress. CHEMOSPHERE; 1990; 20(3-4): 403%15.

Poupon, M.F.; Lascaux, V. Host Influence on the Metastasis Formation in a Nickel-Induced RatRhabdomyosarcoma. BULLETIN DU CANCER; 1986; 73(2): 230-230.
Note: Meeting-Abstract.

Pow, D. Mascot Mines Nickel Plate Mine. CIM BULLETIN; 1988; 81(915): 49-50.Note: Meeting-Abstract.

Powers, L.J.; Stauffer, M.R. Multigeneration Pitchblende from the Midwest Uranium Nickel Deposit,Northern Saskatchewan. CANADIAN JOURNAL OF EARTH SCIENCES; 1988; 25(12): 1945-1954.Note: Article.

Powlesland, C.; George, J. Acute and Chronic Toxicity of Nickel to Larvae of Chironomus-Riparis(Meigen). ENVIRONMENTAL POLLUTION SERIES A-ECOLOGICAL AND BIOLOGICAL; 1986;42(1): 47M.
Note: Article.

Prado, F.G.; Dempsey, J.P. Energy and Metals Recovery Improvements in the Caron-Type NickelPlants. CIM BULLETIN; 1986; 79(890): &1-81.
Note: Meeting-Abstract.

Prange, A.; Boddeker, H.; Michaelis, W. Multi-Element Determination of Trace-Elements inWhole-Blood and Blood-Serum by Txrf. FRESENIUS ZEITSCHRIFT FUR ANALYTISCHE CHEMIE;1989; 335(8): 914-918.

Prens, E.P.; Benne, K.; Brenner, R.; Bremer, H.; Vanjoost, T. Successf'ull Nickel Presentation toSensitized Lymphocytes-T Requires Processing of the Allergen. JOURNAL OF INVESTIGATIVEDERMATOLOGY; 1988; 91(4): 405M5.
Note: Meeting-Abstract.



Prochazkova, K., Kracmery, V., Foltinova, J., Lehocky, J., Kapeller, K.; Brezaniova, T.

Prokipcak, B.; Ormrod, D.P. Visible Injury and Growth-Responses of Tomato and Soybean to
Combinations of Nickel, Copper and Ozone. WATER AIR AND SOIL POLLUTION; 1986; 27(3P):
329-340.
Note: Article.

Prokuev, V.A.; Orlova, O.B. Effect of Thiourea on Extraction and Isolation of Cobalt and Nickel from
Chloric Acid-Solutions by Tributylphosphate. ZHURNAL NEORGANICHESKOI KHIMII; 1989; 34(2):
468472.
Note: Article.

Pruell, R.J., Norwood, C.B., Bowen, R.D., Boothman, W.S., Rogerson, P.F., Hackett, M.;
Butterworth, B.C. Geochemical study of sediement contamination in New Bedford Harbor,
Massachusetts. MARINE ENVIRONMENTAL RESEARCH; 1990; 29(2): 77-101.

Puls, R.W.; Bohn, H.L. Sorption of Cadmium, Nickel, and Zinc by Kaolinite and Montmorillonite
Suspensions. SOIL SCIENCE SOCIETY OF AMERICA JOURNAL; 1988; 52(5): 1289-1292.
Note: Article.

Pusheva, M.A.; Berestovskaya, Y.Y.; Borodulina, N.P. Effect of Nickel on Metabolism of Homoacetate
Bacteria. MICROBIOLOGY; 1989; 58(2): 155-160.
Note: Article.

Pyatygina, L.B.; Kuzyakov, Y.Y.; Laktionova, N.V.; Semenenko, K.A. Reduction of Detection Limits
in Atomic Emission Determination of Vanadium, Molybdenum, Nickel, and Cobalt in Coal
Hydrogenation Products. JOURNAL OF ANALYTICAL CHEMISTRY OF THE USSR; 1986; 41(6):
836-841.
Note: Article.

Pyrzynska, K. Preconcentration of Nickel Using Cellulose Ion-Exchangers for Electrothermal
Atomic-Absorption Spectrometric Determination. ANALYTICA CHIMICA ACTA; 1990; 238(2):
285-289.
Note: Article.

Qiu, D.; Zheng, L.G.; Ma, R.J. The Behaviour-Structure Relations in the Extraction of Cobalt(II),
Nickel(II), Copper(II) and Calcium(II) by Monoacidic Organophosphorus Extractants. SOLVENT
EXTRACTION AND ION EXCHANGE; 1989; 7(6): 937-950.

Queilleroussel, C.; Padilla, J.M.; Duteil, L.; Poncet, M.; Czernielewski, J.M. Activity of Different
Topical Antiinflammatory Drugs on Nickel Induced Contact Eczema - Using Different Methods to
Objectively Evaluate InQammation Can Prove Interesting. JOURNAL OF INVESTIGATIVE
DERMATOLOGY; 1990; 94(3): 401M1.
Note: Meeting-Abstract.

Queneau, P.B.; Hogsett, R.F.; Barchers, D.E.; Beckstead, L.W. Processing of Petroleum Coke for
Recovery of Vanadium and Nickel. HYDROMETALLURGY; 1989; 22(1-2): 3-24.
Note: Article.

91



Quimby, B.D.; Dryden, P.C.; Sullivan, J.J. Selective Detection of Volatile Nickel, Vanadium, and IronPorphyrins in Crude Oils by Gas-Chromatography Atomic-Emission Spectroscopy. HRC-JOURNAL OFHIGH RESOLUTION CHROMATOGRAPHY; 1991; 14(2): 110-116.Note: Article.

Quirke, J.M.E. Rationalization for the Predominance of Nickel and Vanadium Porphyrins in theGeosphere. ACS SYMPOSIUM SERIES; 1987; 344: 74-83.Note: Review.

Rahman, M.M.; Tikoo, P.K. Role ofN-Methylformamide in Producing Bright and Hard Nickel Deposits.MATERIALS TRANSACTIONS JIM; 1989; 30(7): 530-536.Note: Article.

Rai, L.C.; Raizada, M. Effect of Nickel and Silver Ions on Survival, Growth, Carbon Fixation andNitrogenase Activity in Nostoc-Muscorum - Regulation of Toxicity by EDTA and Calcium. JOURNALOF GENERAL AND APPLIED MICROBIOLOGY; 1985; 31(4): 329-337.Note: Article.

Rai, L.C.; Raizada, M. Effect of bimetallic combinations of Ni, Cr, and Pb on growth, uptake of nitrateand ammonia, super(14)CO sub(2) fixation, and nitrogenase activity of Nostoc muscorum.ECOTOXICOLOGICAL ENVIRONMENT SAFETY; 19&9; 17(1): 75-85.
Rai, L.C.; Raizada, M. Nickel Induced Stimulation of Growth, Heterocyst Differentiation, CO2-C-14Uptake and Nitrogenase Activity in Nostoc-Muscorum. NEW PHYTOLOGIST; 1986; 104(1): 111-114.Note: Anicle.

Rai, L.C.; Raizada, M. Toxicity of Nickel and Silver to Nostoc-Muscorum - Interaction withAscorbic-Acid, Glutathione, and Sulfur-Containing Amino-Acids. ECOTOXICOLOGY ANDENVIRONMENTAL SAFETY; 1987; 14(l): 12-21.Note: Article.

Rainbow, P.S.; Phillips, D.J.H.; Depledge, M.H. The significance of trace metal concentrations inmarine invertebrates. A need for laboratory investigation of accumulation strategies. MARINEPOLLUTION BULLETIN; 1990; 21(7): 321-324.

Raith, L.; Jaeger, K. The Nickel Content of Chalk - Cause of Contact-Dermatitis. CONTACTDERMATITIS; 1986; 14(1): 6141.
Note: Note.

Raithel, H.J.; Ebner, G.; Schaller, K.H.; Schellmann, B.; Valentin, H. Problems in Establishing NormValues for ¹ickel and Chromium Concentrations in Human Pulmonary Tissue. AMERICAN JOURNALOF INDUSTRIAL MEDICINE; 1987; 12(1): 55-70.Note: Article.

Raithel, H.J.; Schaller, K.H.; Akslen, L.A.; Gulsvik, A.; Myking, A.O.; Morkve, O. Analyses ofChromium and Nickel in Human Pulmonary Tissue - Investigations in Lung-Cancer Patients and aControl Population Under Special Consideration of Medical Expertise Aspects. INTERNATIONALARCHIVES OF OCCUPATIONAL AND ENVIRONMENTAL HEALTH; 1989; 61(8): 507-512.

92



Note: Article.

Raithel, H.J.; Schaller, K.H. Normal Values for Chromium (Cr) and Nickel (Ni) in Human Pulmonary
Tissue. FRESENIUS JOURNAL OF ANALYTICAL CHEMISTRY; 1990; 338(4): 534-537.
Note: Article.

Raithel, H.J.; Valentin, H.; Svenes, K.B.; Schaller, K.H.; Reith, A. Investigations on the
Quantitative-Determination of Nickel and Chromium in Human-Lung Tissue - Industrial Medical,
Toxicological, and Occupational Medical Expertise Aspects. INTERNATIONAL ARCHIVES OF
OCCUPATIONAL AND ENVIRONMENTAL HEALTH; 1988; 60(1): 55M.
Note: Article.

Rando, D.; Steglitz, U.; Morsdorf, G.; Kaltwasser, H. Nickel Availability and Urease Expression in
Proteus-Mirabilis. ARCHIVES OF MICROBIOLOGY; 1990; 154(5): 428-432.
Note: Article.

Rangelov, G.; Memmel, N.; Bertel, E.; Dose, V. The Bonding of Hydrogen on Nickel Studied byInverse Photoemission. SURFACE SCIENCE; 1990; 236(3): 250-258.
Note: Article.

Rao, A.L.J.; Gupta, U. Extraction Spectrophotometric Determination of Nickel and Palladium Using
Cyclohexylthioglycolate (Cyhtg) As a Reagent. REVUE ROUMAINE DE CHIMIE; 1986; 31(1): 93-98.
Note: Article.

Rao, Ch.K.; Indusekhar, V.K. Seasonal variation in chemical constituents of certain brown seaweeds and
seawater from Saurashtra coast. 2. Manganese, zinc, copper, nickel, cobalt and molybdenum.
MAHASAGAR; 1989; 22(2): 73-81.

Rao, D.M.; Reddy, D.V.; Reddy, K.H. Spectrophotometric Determination of Copper(II), Nickel(II),
Iron(III), and Cobalt(II) Using Indante-1,2,3-Trione Trioxime in Aqueous-Medium. INDIAN JOURNAL
OF CHEMISTRY SECTION A-INORGANIC PHYSICAL THEORETICAL Ec ANALYTICAL; 1989;
28(12): 1122-1124.

Raos. N.; Kasprzak, K.S. Allosteric Binding of Nickel(II) to Calmodulin. FUNDAMENTAL AND
APF .ED TOXICOLOGY; 1989; 13(4): 816-822.

Raos, N.; Kasprzak, K.S. Effect of Nickel (II) Acetate on Distribution of Calmodulin in the Rat-Kidney.
TOXICOLOGY Le t t MRS; 1989; 48(3): 275-282.

Rard, J.A. Densities and Apparent Molal Volumes of Aqueous Nickel Chloride at 25-Degrees-C.
JOURNAL OF CHEMICAL AND ENGINEERING DATA; 1986; 31(2): 183-185.
Note: Article.

Ratkovic, S. Transport of Toxic Metals in Plants - A Review of Recent Experiments with P-31
NMR-Spectroscopy. STUDIA BIOPHYSICA; 1990; 138(1-2): 175-184.
Note: Article.

Ray, D.; Banerjee, S.K.; Chatterjee, M. Bioaccumulation of Nickel and Vanadium in Tissues of the

93



Catfish Clarias-Batrachus. JOURNAL OF INORGANIC BIOCHEMISTRY; 1990; 38(3): 169-173.Note: Article.

Ray, D.; Chakravorty, A. Trivalent Nickel - The Quinone Oximate Family - Synthesis and RedoxRegulation of Isomerism and Ligand Redistribution. INORGANIC CHEMISTRY; 1988; 27(19):3292-3297.
Note: Article.

Raybuck, S.A.; Bastian, N.R.; Floss, H.G.; Kobayashi, K.; Ormejohnson, W.H.; Walsh, C.T.;Zydowsky, L.D. Nickel-Containing Co Dehydrogenase Catalyzes Reversible Decarbonylation of AcetylCoA with Retention of Stereochemistry at the Methyl-Group. JOURNAL OF THE AMERICANCHEMICAL SOCIETY; 1987; 109(10): 3171-3173.
Note: Note.

Reddy, M.R.; Dunn, S.J. Distribution Coefficients for Nickel and Zinc in Soils. ENVIRONMENTALPOLLUTION SERIES B-CHEMICAL AND PHYSICAL; 1986; 11(4): 303-313.
Note: Article.

Reeves, R.D. Nickel and Zinc Accumulation by Species of 'Bdaspi L, Cochlearia L, and Other Generaof the Brassicaceae. TAXON; 1988; 37(2): 309-318.
Note: Article.

Reichrtova, E.; Kovacikova, Z.; Takac, L. The Ef'feet of Metal Particles from a Nickel Refinery Dumpon Alveolar Macrophages .2. Environmental Exposure of Rabbits. ENVIRONMENTAL POLLUTIONSERIES A-ECOLOGICAL AND BIOLOGICAL; 1986; 40(2): 101-107.
Note: Article.

Reichrtova, E.; Kovacikova, Z.; Oravec, C.; Takac, L. The Effect of Metal Particles from a NickelRefinery Dump on Alveolar Macrophages .1. Chamber Exposure of Wistar Rats. ENVIRONMENTALPOLLUTION SERIES A-ECOLOGICAL AND BIOLOGICAL; 1986; 40(1): 87-94.Note: Article.

Reimann, D.O. Heavy-Metals and Heat Value in Sewage-Sludge. WATER SCIENCE ANDTECHNOLOGY; 1990; 22(12): 85-92.
Note: Article.

Renner, M.W.; Simpson, D.; Forman, A.; Barkigia, K.M.; Fajer, J.; Smith, K.M. Structural and RedoxModels of F430, the Nickel Tetrapyrrole Complex from Methanogenic Bacteria. BIOPHYSICALJOURNAL; 1988; 53(2): A277-A277.
Note: Meeting-Abstract.

Res, P.; Bos, J.D.; Kapsenberg, M.L.; Stiekema, F. The Crucial Role of Human DendriticAntigen-Presenting Cell Subsets in Nickel-Specific bell Proliferation. JOURNAL OFINVESTIGATIVE DERMATOLOGY; 1987; 88(5): 550-554.
Note: Article.

Reynolds, J.G.; Jones, E.L.; Biggs, W.R.; Bennett, J.A. Characterization of Nickel and VanadiumCompounds in Domestic Tar Sands by Petroporphyrin Quantitation and Size Exclusion Chromatography

94



Coupled with Element Specific Detection. ABSTRACTS OF PAPERS OF THE AMERICAN
CHEMICAL SOCIETY; 1988; 195(JUN): 9-.
Note: Meeting-Abstract.

Reznitskii, L.A. Energy of Metal-Phosphorus and Metal-Carbon Bonds in Iron, Cobalt and Nickel
Phosphides and Carbides. ZHURNAL FIZICHESKOI KHIMII; 1988; 62(11): 2893-2896.
Note: Article.

Rezuke, W.N.; Knight, J.A.; Sunderman, F.W. Reference Values for Nickel Concentrations inHuman-Tissues and Bile. AMERICAN JOURNAL OF INDUSTIUAL MEDICINE; 1987; 11(4):419-426.
Note: Article.

Richards, J.P.; Mcculloch, M.T.; Chappell, B.W.; Kerrich, R. Sources of Metals in the Porgera Gold
Deposit, Papua-New-Guinea - Evidence from Alteration, Isotope, and Noble-Metal Geochemistry.
GEOCHIMICA ET COSMOCHIMICA ACTA; 1991; 55(2): 565-580.
Note: Article.

Ripley, E.M. Origin and Concentration Mechanisms of Copper and Nickel in Duluth Complex SulfideZones - A Dilemma. ECONOMIC GEOLOGY; 1986; 81(4): 974-978.
Note: Note.

Rippey, B. Sediment chemistry and atmospheric contamination. PHILOS. TRANS. R. SOC. LOND.;
1990; 327(1240): 311-317.

Roberts, W.L., Campbell, T.J., Rapp, G.R., Wilson, W.E. (eds.). Encyclopedia of Minerals - SecondEdition. New York, New York, USA: Van Nostrand Reinhold Company; 1990.

Robinson, M.K.; Sneller, D.L. Use of an Optimized Invitro Lymphocyte Blastogenesis Assay to DetectContact Sensitivity to Nickel Sulfate in Mice. TOXICOLOGY AND APPLIED PHARMACOLOGY;
1990; 104(1): 106-116.
Note: Article.

Rodrigues, N.L.; Novelli, E.L.B.; Ribas. B.O. Effect of Nickel on Hemoglobin Levels in Rats. TRACEELEMENTS IN MEDICINE; 1986; 3i;:-j: 131-131.
Note: Meeting-Abstract.

Rodriguez, R.E.; Misra, M.; Kasprzak, K.S. Effects of Nickel on Catalase Activity Invitro and Invivo.TOXICOLOGY; 1990; 63(1): 45-52.
Note: Article.

Rodriguezarnaiz, R.; Ramos, P. Mutagenicity of Nickel Sulfate in Drosophila-Melanogaster.
MUTATION RESEARCH; 1986; 170(3): 115-117.
Note: Article.

Rohold, A.E.; Nielsen, G.D.; Andersen, K.E. Nickel-Sulfate-Induced Contact-Dermatitis in theGuinea-Pig Maximization Test - A Dose-Response Study. CONTACT DERMATITIS; 1991; 24(1):35-39.

95



Note: Article.

Rollinson, G.; Harris, R.E.; Jones, R.; Knowles, C3.; Meadows, M.P. The Growth of a
Cyanide-Utilizing Strain of Pseudomonas-Fluorescens in Liquid Culture on Nickel Cyanide As a Source
of Nitrogen. FEMS MICROBIOLOGY Lvi LEG; 1987; 40(2-3): 199-205.
Note: Article.

Romaguera, C.; Vilaplana, J.; Grimalt, F. Contact-Dermatitis f'rom Nickel - An Investigation of Its
Sources. CONTACT DERMATITIS; 1988; 19(1): 52-57.
Note: Article.

Romashko, L.A.; Zharova, V.M.; Ziborova, Y.F.; Kharlamov, I.P.; Krivenkova, N.P.; Rozovskii,
Y.G.; Basargin, N.N. Determination of Yttrium, Lanthanum, and Cerium in Steels and Nickel-Alloys
by Atomic Emission-Spectrometry with Inductive Argon Plasma. INDUSTRIAL LABORATORY-USSR;
1987; 53(12): 1128-1133.
Note: Article.

Romero, M.M.; P'", C.; Veiga, M.L.; Llopiz, J.C., Jerez, A. Kinetic-Study by Mass-Spectrometry and
Calculation of the Enthalpy of Decomposition of Basic Nickel Carbonate. THERMOCHIMICA ACTA;
1989; 152(2): 329-334.
Note: Article.

Romero, R.A.; Navarro, J.A.; Rodrigueziturbe, B.; Garcia, R.; Parra, O.E.; Granadillo, V.A.
Distribution of Trace-Metals in Blood Components off'atients with Chronic-Renal-Failure Undergoing
Periodical Hemodialysis-Treatment. TRACE ELEMENTS IN MEDICINE; 1990; 7(4): 176-181.
Note: Article.

Ros, R.; Cooke, D.T.; Burden, R.S.; James, C.S. Effects of the Herbicide Mcpa, and the Heavy-Metals,
Cadmium and Nickel on the Lipid-Composition, Mg-2+-ATPase Activity and Fluidity of
Plasma-Membranes from Rice, Oryza-Sativa (CV Bahia) Shoots. JOURNAL OF EXPERIMENTAL
BOTANY; 1990; 41(225): 457-462.
Note: Article.

Rosales, D.; Ariza, J.L.G.; Millan, I. Spectrophotometric Determination of Indium in Nickel-Alloys and
Zinc Ores with 1-(2-Pyridylmethylideneamine)-3-(Salicylideneamine)'Ihiourea. TALANTA; 1986; 33(7):607410.
Note: Article.

Roustan, J.P.; Latche, A.; Fallot, J. Stimulation ofDaucus-Carota Somatic Embryogenesis by Inhibitors
of Ethylene Synthesis - Cobalt and Nickel. PLANT CELL REPORTS; 1989; 8(3): 182-185.
Note: Article.

Roypoulsen, H.; Jensen, G.B.; Knudsen, J.M.; Larsen, L.; Roypoulsen, N.O.; Visitsen, L. Studies of
Iron-Nickel Alloys in Ni-Rich Meteorites. METEORITICS; 1985; 20(4): 749-750.
Note: Meeting-Abstract.

Rozanska, B.; Lachowicz, E. Tetrabutylammonium Bromide Thenoyltrifluoroacetone Mibk Extraction
for AAS Determination of Cobalt, Nickel, and Manganese in Copper Ores and Concentrates. TALANTA;

96



1986; 33(12): 1027-1029.
Note: Note.

Rozsalyi, K.; Balogh, I.; Felszeghy, E.; Patay, K.; Szilagyi, M. Cytochemical and Analytical
Ex~minations on Nickel Chloride and Cadmium Chloride Fed Newborn Mice Heart-Muscle.
PATHOLOGY RESEARCH AND PRACTICE; 1987; 182(4): 552-552.
Note: Meeting-Abstract.

Rubio, A.M.; Carreno, A.S.; Cirugeda, M.D. Flame Atomic-Absorption Spectrometric Determination
of Iron, Nickel, Cobalt and Molybdenum in Petroleum-Industry Catalysts After Microwave-Oven

Digestion. ANALYTICA CHIMICA ACTA; 1990; 235(2): 405%11.
Note: Article.

Rudzki, E.; Dynowska, D.; Legiec, C.; Napiorkowska, T.; Rebandel, P. Nickel Objects Causing
Sensitization and Relapses. CONTACT DERMATITIS; 1985; 13(5): 335-336.
Note: Note.

Ruick, G. Nickel Contents of Foodstuffs. NAHRUNG-FOOD; 1988; 32(9): 807-814.
Note: Article.

Ruick, G. Results of a Monitoring Program for the Evaluation of the Intake of Copper, Lead, Cadmium,
Zinc, and Nickel with Food. ZEITSCHRIFT FUR LEBENSMl~hL-UNTERSUCHUNG
UND-FORSCHUNG; 1991; 192(3): 249-251.
Note: Article.

Rungby, J. Silver-Induced Lipid-Peroxidation in Mice - Interactions with Selenium and Nickel.
TOXICOLOGY; 1987; 45(2): 135-142.
Note: Article.

Rustamov, S.M.; Makhmudov, F.T. Me Use of Na Clinoptilolite for Concentrating Silver and Nickel
Ions from Wastes. JOURNAL OF APPLIED CHEMISTRY OF THE USSR; 1988; 61(1): 31-34.
Note: Article.

Ruzicka, J.; Arndal, A. Sorbent Extraction in Flow-Injection Analysis and Its Application to Enhancement
of Atomic Spectroscopy. ANALYTICA CHIMICA ACTA; 1989; 216(1-2): 243-255.

Ryan, J.D.; Lewis, F.G.; Schropp, S.J. Metal and nutrient concentrations in Florida Bay sediments.
BULLETIN OF MARINE SCIENCE; 1989; 44(l): 523.

Sadiq, M. Nickel Sorption and Speciation in a Marine-Environment. HYDROBIOLOGIA; 1989;
176(JUL): 225-232.

Saeed, M.M.; Ahmed, M.; Cheema, M.N.; Qureshi, I.H. Synergic Extraction of Nickel II by
2-Thenoyltrifluoroacetone and Tribenzylamine in Chloroform from Perchlorate-Media. JOURNAL OF
RADIOANALYTICAL AND NUCLEAR CHEMISTRY-Let

!GARS;

1987; 108(4): 203-215.
Note: Article.

Sage, S.O. Kinetics of ADP-Evoked and Ihrombin-Evoked Rises in Cytosolic Calcium in

97



Human-Platelets - Studies with Manganese and Nickel. JOURNAL OF PHYSIOLOGY-LONDON; 1988;396(FEB): P43-P43.
Note: Meeting-Abstract.

Sager, M.; Pucsko, R.; Belocky, R. Evaluation of the speciation of inorganic constitutents in sedimentsof the reservoir at Altenwoerth of the River Danube. ARCH HYDROBIOL (SUPPLEMENT); 1990;84(1): 37-72.

Saini, G.; Baiocchi, C.; Bertolo, P. Determination ofCopper, Nickel and Cadmium in Antarctic Seawaterand Snow. ANNALI DI CHIMICA; 1989; 79(11-12): 713-721.

Saito, J.; Takeda, H. Mineralogical Study of Metals in Magnesian Ureilites. METEORITICS; 1990;25(4): 404~.
Note: Meeting-Abstract.

Saito, K.; Menzel, D.B. Accumulation and Efflux of Nickel from Cultured Pneumocytes. TOHOKUJOURNAL OF EXPERIMENTAL MEDICINE; 1986; 148(3): 295-302.
Note: Article.

Saitoh, K.; Goda, H.; Suzuki, N. Fractional Determination of Vanadium-Containing andNickel-Containing Species in Crude-Oil by Size Exclusion Chromatography Graphite-Furnace AAS.BUNSEKI KAGAKU; 1988; 37(2): 94-98.
Note: Article.

Saitoh, K.; Suzuki, N. High-Performance Liquid-Chromatographic Determination of Nickel, Copper andZinc As Their Tetraphenylporphine Chelates. ANALYHCA CHIMICA ACTA; 1985; 178(2): 169-177.Note: Article.

Sakai, N.; Tadaki, T.; Chida, T. Reduction of Nickel-Oxide with Carbon-Monoxide Accompanied byCarbon Deposition. KAGAKU KOGAKU RONBUNSHU; 1988; 14(3): 368-373.
Note: Article.

Sakai, T.; Ichinobe, N.; Ohno, N.; Sasaki, H. Extraction Spectrophotometric Determination of Nickelin Steels and Aluminum Metal with 3-(2-Pyridyl)-5,6-Diphenyl-1,2,4-Triazine and EthylTetrabromophenolphthalein. ANALYTICA CHIMICA ACTA; 1989; 221(1): 109-115.
Note: Article.

Sakamoto, Y.; Shimizu, O.; Hirayama, K.; Baba, K. The Diffusivity of Hydrogen in Nickel-BasedSolid-Solutions. JOURNAL OF PHYSICS AND CHEMISTRY OF SOLIDS; 1988; 49(8): 897-903.Note: Article.

Salehi, A.; Oertling, W.A.; Fonda, H.N.; Chang, C.K.; Babcock, G.T. Resonance Raman-Spectra ofthe Pi-Cation Radicals of Copper, Cobalt, and Nickel Methyloctaethylchlorins - VibrationalCharacteristics of Chlorophyll Models. PHOTOCHEMISTRY AND PHOTOBIOLOGY; 1988; 48(4):525-530.
Note: Article.

Salim, R. Removal of Nickel (II) from Polluted Water Using Decaying Leaves - Effects of pH and Type

98



of Leaves. JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH PART
A-ENVIRONMENTAL SCIENCE AND ENGINEERING; 198&; 23(4): 183-197.
Note: Article.

Salim, R. Removal of Nickel from Polluted Water Using Decaying Cypress Leaves. JOURNAL QF
ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1988; 23(4): 321-334.
Note: Article.

Salim, R.; Haddad, M.; Elkhatib, I. Effect of Nickel Treatment on the Growth of Eggplant. JOURNALOF ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1988; 23(4): 369-379.
Note: Article.

Salinas, F.; Nevado, J.J.B. Catalytic Back Titrations of Cobalt, Nickel, Mercury and Cyanide. ANNALI
DI CHIMICA; 1989; 79(7-8): 397M3.
Note: Article.

Samanidou, V.; Fytianos, K. Mobilization of Heavy-Metals from River Sediments of Northern Greece
by Complexing Agents. WATER AIR AND SOIL POLLUTION; 1990; 52(3-4): 217-225.
Note: Article.

Sanchez, F.G.; Gomez, J.C.M.; Lopez, M.H. Isodifferential Derivative Approach to the
Spectrophotometric Determination of Nickel and Cobalt Mixtures. ANALYTICA CHIMICA ACTA;
1987; 197(JUN): 275-280.
Note: Note.

Sanchez, J.; Rodriguez, M.A.; Montelongo, F.G. Ternary Complex
Nickel(II)/3-(4',5'-Dimethyl-2'-Thiazolylazo)-2,6-Dihydroxybenzoic Acid Cyanide - Spectrophotometric
Determination of Nickel. ANALYTICAL Let

!GARS;

1989; 22(9): 2075-2082.
Note: Article.

Sanders, J.R.; Adams, T.M. The Effects of pH and Soil Type on Concentrations of Zinc, Copper andNickel Extracted by Calcium-Chloride from Sewage Sludge-Treated Soils. ENVIRONMENTAL
POLLUTION; 1987; 43(3): 219-228.
Note: Article.

Sanders, J.R.; Adams, T.M.; Christensen, B.T. Extractability and Bioavailability of Zinc, Nickel,Cadmium and Copper in 3 Danish Soils Sampled 5 Years After Application of Sewage-Sludge.
JOURNAL OF THE SCIENCE OF FOOD AND AGRICULTURE; 1986; 37(12): 1155-1164.
Note: Article.

Sanders, J.R.; Adams, T.M.; Mcgrath, S.P. Zinc, Copper and Nickel Concentrations in Ryegrass Grownon Sewage Sludge-Contaminated Soils of Different pH. JOURNAL OF THE SCIENCE OF FOOD AND
AGRICULTURE; 1986; 37(10): 961-968.
Note: Article.

Sanders, J.R.; Adams, T.M.; Mcgrath, S.P. Zinc, Copper and Nickel Concentrations in Soil Extracts



and Crops Grown on 4 Soils Treated with Metal-Loaded Sewage Sludges. ENVIRONMENTAL
POLLUTION; 1987; 44(3): 193-210.
Note: Article.

Sano, N.; Otsuka, H.; Shibata, M.; Izumi, K. Histopathological and Immunohistochemical Studies on
Nickel Sulfide-Induced Tumors in F344 Rats. JAPANESE JOURNAL OF CANCER RESEARCH; 1988;
79(2): 212-221.
Note: Article.

Santschi, P.H. Use of radionuclides in the study of contaminant cycling process. HYDROBIOLOGIA;
1989; 176/177: 307-320.

Santucci, B.; Manna, F.; Cristaudo, A.; Cannistraci, C.; Capparella, M.R.; Picardo, M. Serum
Concentrations in Nickel-Sensitive Patients After Prolonged Oral-Administration. CONTACT
DERMATITIS; 1990; 22(5): 253-256.
Note: Article.

Santucci, B.; Picardo, M.; Cristaudo, A.; Cannistraci, C. Nickel Sensitivity- Effects of Prolonged Oral
Intake of the Element. CONTACT DERMATITIS; 1988; 19(3): 202-205.
Note: Article.

Santucci, B.; Picardo, M.; Cannistraci, C.; Ferrari, P.V.; Cristaudo, A. Nickel Dermatitis from Cheap
Earrings. CONTACT DERMATITIS; 1989; 21(4): 245-248.
Note: Article.

Sarabi, A.A.; Singh, V.B. Study of Some Physical-Properties and Structure of Electrodeposited Nickel
from 2-Methoxy Ethanol. JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1989; 136(10):
2950-2953.
Note: Note.

Saran, R.; Shankar, V.U.; Ramanaiah, G.V. 5-(2'-Carboxyphenyl) Azo-8-Quinolinol As a Sensitive
Reagent for Extractive Spectrophotometric Determination of Nickel. ANALYTICAL Lai irRS; 1990;
23(12): 2291-2302.
Note: Article.

Sarkar, N.K.; Graves, R.A.; Park, J.R. Corrosion of Nickel Chromium Casting Alloys in Selected
Biological Media. JOURNAL OF DENTAL RESEARCH; 1987; 66(NSI): 206-206.
Note: Meeting-Abstract.

Sarkar, P.K.; Banerjee, A.K. The Effect of Nickel on Growth, Morphology and Photopigments of
Rhodospirillum-Photometricum. FOLIA MICROBIOLOGICA; 1987; 32(1): 48-.
Note: Article.

Sarkunan, V.; Nayar, P.K.; Misra, A.K. Interaction of Zinc, Copper and Nickel in Soil on Yield and
Metal Content in Rice. JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH PART
A-ENVIRONMENTAL SCIENCE AND ENGINEERING; 1989; 24(5): 459-466.

Sasane, A.; Fukumitsu, S.; Mori, Y.; Nakamura, D. Temperature-Dependence Studies of Cl-35 NQR



Frequencies in Magnesium and Nickel Hexachlorotellurate(IV) Hexahydrates and Nickel

Hexachloroiridate(IV) Hexahydrate. ZEITSCHRIFT FUR NATURFORSCHUNG SECTION A-A

JOURNAL OF PHYSICAL SCIENCES; 1990; 45(3%): 303-306.

Note: Article.

Satake, M.; Miura, J.I.; Usami, S.; Puri, B.K. Use ofDimethylglyoxime, Acenaphthenequinone Dioxime

and Mixed-Ligands of Dimethylglyoxime and Acenaphthenequinone Dioxime Supported on Naphthalene

for the Pre-Concentration and Determination of Nickel in Alloys, Tea and Water Samples Using
Atomic-Absorption Spectrometry. ANALYST; 1989; 114(7): 813-818.

Note: Article.

Satake, M.; Sugita, N.; Katyal, M. Column Preconcentration of Nickel in Alloys and Tea Leaves with

Phenanthrenequinonedioxime Supported on Naphthalene. ANNALI DI CHIMICA; 1990; 80(7-8):

385-391.
Note: Article.

Sato, C.; Mcdonald, D.B.; Schnoor, J.L. Characterization of Effects of Copper, Cadmium and Nickel

on the Growth of Nitrosomonas-Europaea. ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY;

1986; 5(4): 403%16.
Note: Article.

Sauer, J.; Haberlandt, H.; Pacchioni, G. Bonding of Water Ligands to Copper and Nickel Atoms-
Crucial Role of Intermolecular Electron Correlation. JOURNAL OF PHYSICAL CHEMISTRY; 1986;

90(14): 3051-3052.
Note: Letter.

Saum, S.E.; Laneman, S.A.; Stanley, G.G. Conformational Studies on Nickel, Palladium, and Platinum
Homobimetallic Complexes Based on a Binucleating Hexaphosphine Ligand System. INORGANIC

CHEMISTRY; 1990; 29(25): 5065-5074.
Note: Article.

Savich, M.U.; Weglo, K.J.K. Attenuation Measurements ofEar Muffs at Falconbridge-Limited, Canadian
Nickel Division, Sudbury Operations, 1984. CIM BULLETIN; 1986; 79(894): 36-49.

Note: Article.

Savinkina, E.V.; Rukk, N.S.; Stepin, B.D.; Alikberova, L.Y. Interaction of Acetamide Complexes of
Manganese, Cobalt and Nickel Iodides with Iodine in Aqueous-Media at 0-Degrees-C. ZHURNAL
NEORGANICHESKOI KHIMII; 1988; 33(4): 1038-1041.
Note: Article.

Sawamoto, H. Determination of Nickel in River Waters by Adsorptive Stripping Voltammetry. BUNSEKI
KAGAKU; 1988; 37(6): 312-315.
Note: Article.

Sawatari, K. Differential Determination of Nickel(II) Oxide and Nickel(III) Oxide in Airborne Particulate
Substances. INDUSTRIAL HEALTH; 1988; 26(2): 115-123.

Sawidis, T.; Stratis, J.; Zachariadis, G. Distribution of Heavy-Metals in Sediments and Aquatic Plants

101



of the River Pinios (Central Greece). SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 102(FEB):
261-266.
Note: Note.

Saxena, V.K.; Srivastava, M.N. PMR Spectral Studies of Mixed-Ligand Amino-Acid Chelates of
Cobalt(II), Nickel(11), Copper(II), and Zinc(II) with Nitrilotriacetic Acid and Glycine, Alpha-Alanine,
Valine, or Leucine. JOURNAL OF INORGANIC BIOCHEMISTRY; 1990; 38(1): 37M.

Schade, J.P. The Need to Develop Markets for Canadian Nickel Production. CIM BULLETIN; 1987;
80(908): 20-23.
Note: Editorial.

Schade, J.P. Nickel in the Service of Society. CIM BULLETIN; 1986; 79(890): 78-79.
Note: Meeting-Abstract.

Schade, J.P. The Role of the Nickel Development Institute As the Market Development Organization of
the Nickel Industry. CIM BULLETIN; 1986; 79(887): 66-66.
Note: Meeting-Abstract.

Schade, J P.; Pearce, M.O. The Role of Nickel in Modern Technology. JOURNAL OF METALS; 1987;
39(10): A9-A9.
Note: Meeting-Abstract.

Scheller, R.; Schwedt, G.; Strahlmann, B. Food Chemistry and Food Technological Aspects of
Low-Nickel Diet in Endogenous Allergic Contact Eczema. HAUTARZT; 1988; 39(8): 491%97.
Note: Review.

Schellmann, W. Composition and Origin of Lateritic Nickel Ore at Tagaung-Taung, Burma.
MINERALIUM DEPOSITA; 1989; 24(3): 161-168.
Note: Article.

Schelske, C.L.; Sicko-Goad, L. Effect of chelated trace metals on phosphorus uptake and storage in
natural assemblages of Lake Michigan phytoplankton. JOURNAL OF GREAT LAKES RESEARCH;
1990; 16(1): 82-89; ISSN: 0380-1830.

Scheper, R.J.; Bruynzeel, D.P.; Kapsenberg, M.; Sinigaglia, F.; Vonblomberg, M.; Vreeburg, K.J.J.
Studies on T-Cell Fine-Specificity Using Nickel-Reactive T-Cell Clones. JOURNAL OF
INVESTIGATIVE DERMATOLOGY; 1986; 87(1): 165-165.
Note: Meeting-Abstract.

Scheper, R.J.; Vonblomberg, M.; Vreeburg, K.J.J.; Vanhoogstraten, I.M.W.; Bruynzeel, D.P.; Boden,
D.; Kraal, G. Oral Contact with Nickel at an Early Age Reduces the Risk of Subsequent Nickel
Sensitization. CLINICAL RESEARCH; 1989; 37(2): A666-A666.
Note: Meeting-Abstract.

Scheper, R.J.; Vreeburg, J.J.; Vonblomberg, M.; Vanhoogstraten, I.M.W.; Kraal, G.; Enkarel, D.B.;
Bruynzeel, D.P. Oral Contact with Nickel at an Early Age Reduces the Risk of Subsequent Nickel
Sensitization. JOURNAL OF INVESTIGATIVE DERMATOLOGY; 1989; 92(3): 513-513.

102



Note: Meeting-Abstract.

Scherer, O.J.; Braun, J.; Dave, T.; Wolmershauser, G. Nickel-Complexes with Px Ligands. JOURNAI.

OF ORGANOMETALLIC CHEMISTRY; 1988; 350(2): C20-C24.

Note: Article.

Schildcrout, S.M.; Besozzi, L.M. Chemical-Ionization and Electron-Ionization Mass-Spectra of

Dimethylglyoxime and Itys Complexes with Nickel (II), Palladium(II), and Platinum (II). INORGANIC

CHEMISTRY; 1990; 29(5): 1054-1057.

Schillmoller, C.M. Opportunities for Nickel in the Oil and Gas Market .2. Enhanced Oil-Recovery. CIM

BULLETIN; 1986; 79(890): 84-84.
Note: Meeting-Abstract.

Schillmoller, C.M. Opportunities for Nickel in the Oil and Gas Market .1. Deep Sour Gas-Production.

CIM BULLETIN; 1986; 79(890): 84-84.
Note: Meeting-Abstract.

Schmidt, M.H.; Miskelly, G.M.;, Lewis, N.S. Effects of Redox Potential, Steric Configuration, Solvent,

and Alkali-Metal Cations on the Binding of Carbon-Dioxide to Cobalt (I) and Nickel (I) Macrocycles.

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1990; 112(9): 3420-3426.

Schmidt, T.; Schlegel, H.G. Nickel and Cobalt Resistance of Various Bacteria Isolated from Soil and

Highly Polluted Domestic and Industrial-Wastes. FEMS MICROBIOLOGY ECOLOGY; 1989; 62(5):

315-328.
Note: Article.

Schouten, C.J.; Rang, M.C. Ceramic processing of polluted dredged mud. HYDROBIOLOGIA; 1989;

176/177: 419%30.

Schreiber, R.A.; Walker, W.A. Food Allergy - Facts and Fiction. MAYO CLINIC PROCEEDINGS;

1989; 64(11): 1381-1391.

Schroder, M. Nickel. COORDINATION CHEMISTRY REVIEWS; 1986; 71(AUG): 139-234.

Note: Review.

Schubert, H.; Berova, N.; Czernielewski, A.; Hegyi, E.; Jirasek, L.; Kohanka, V.; Korossy, S.;
Michailov, P.; Nebenfuhrer, L.; Prater, E.; Rothe, A.; Rudzki, E.; Stranski, L.; Suss, E.; Tarnick, M.;
Temesvari, E.; Ziegler, V.; Zschunke, E. Epidemiology of Nickel Allergy. CONTACT DERMATITIS;

1987; 16(3): 122-128.
Note: Article.

Schubert, H.; Prater, E. Nickel Dermatitis - A Follow-Up-Study. BRITISH JOURNAL OF

DERMATOLOGY; 1987; 117(S32): 43-43.
Note: Meeting-Abstract.

Schubert, H.; Temesvari, E.; Szarmach, H.; Ziegler, V.; Nebenfuhrer, L.; Rothe, A.; Prater, E.;
Korossy, S.; Kohanka, V. Epidemiology of Nickel Allergy - Results of a Follow-Up Analysis of Patients

103



with Positive Patch Tests to Nickel. CONTACT DERMATITIS; 1988; 18(4): 237-239.
Note: Article.

Schutt, C. Plasmids in the Bacterial Assemblage of a Dystrophic Lake - Evidence for Plasmid-Encoded
Nickel Resistance. MICROBIAL ECOLOGY; 1989; 17(1): 49&2.
Note: Article.

Scott, R.A. Comparative X-Ray Absorption Spectroscopic Structural Characterization of Nickel
Metalloenzyme Active-Sites. PHYSICA B; 1989; 158(1-3): 84-86.
Note: Article.

Scott, R.A. X-Ray Absorption Spectroscopic Studies of the Nickel-Con~i»~g Factor F430 and
Methylreductase from Methanobacterium-Thermoautotrophicum. ABSTRACTS OF PAPERS OF THE
AMERICAN CHEMICAL SOCIETY; 1986; 191(APR): 43-.
Note: Meeting-Abstract.

Seefeldt, L.C.; Arp, D.J. Oxygen Effects on the Nickel-Containing and Iron-Containing Hydrogenase
from Azotobacter-Vinelandii. BIOCHEMISTRY; 1989; 28(4): 1588-1596.
Note: Article.

Seefeldt, L.C.; Arp, D.J. Purification to Homogeneity of Azotobacter-Vinelandii Hydrogenase - A Nickel
and Iron Containing Alpha-Beta-Dimer. BIOCHIMIE; 1986; 68(1): 25-34.
Note: Article.

Seemann, J.; Wittig, P.; Kollmeier, H.; Muller, K.M.; Schejbal, V. Trace-Metal Analysis of Chromium
and Nickel in Lung-Tissue Fixed and Stored in Formalin. PATHOLOGY RESEARCH AND PRACTICE;
1990; 186(1): 197-201.
Note: Article.

Seiler, H.G. Analysis of Nickel in Biological-Materials. METAL IONS IN BIOLOGICAL SYSTEMS;
1988; 23: 403-428.
Note: Review.

Sellmann, D.; Funfgelder, S.; Pohlmann, G.; Knoch, F.; Moll, M. Transition-Metal Complexes with
Sulfur Ligands .55. Nickel-Complexes with Thiolato-Thioether Ligands Including Nitrogen and Oxygen
Donors in S6, S5, Os4, Ns4, and S4 Donor Sets - Syntheses, Properties, and X-Ray Structure
Determination of (Ni(S6)), (Ni(SS)), (Ni(Os4))2, (Ni(SACS))2, and (Ni(S4-C3)). INORGANIC
CHEMISTRY; 1990; 29(23): 4772%778.
Note: Article.

Sellstedt, A.; Smith, G.D. Nickel Is Essential for Active Hydrogenase in Free-Living Frankia Isolated
from Casuarina. FEMS MICROBIOLOGY Lh t LES; 1990; 70(2): 137-140.
Note: Article.

Sen, P.; Conway, K.; Costa, M. Comparison of the Localization of Chromosome-Damage Induced by
Calcium Chromate and Nickel Compounds. CANCER RESEARCH; 1987; 47(8): 2142-2147.
Note: Article.



Sen, P.; Costa, M. Incidence and Localization of Sister Chromatid Exchanges Induced by Nickel and

Chromium Compounds. CARCINOGENESIS; 1986; 7(9): 1527-1533.

Note: Article.

Sen, P.; Costa, M. Pathway of Nickel Uptake Influences Its Interaction with Heterochromatic DNA.

TOXICOLOGY AND APPLIED PHARMACOLOGY; 1986; 84(2): 278-2&5.

Note: Article.

Senesi, N.; Sposito, G.; Holtzclaw, K.M.; Bradford, G.R. Chemical-Properties of Metal Humic-Acid

Fractions of a Sewage Sludgeamended Aridisoil. JOURNAL OF ENVIRONMENTAL QUALTIV; 1989;

18(2): 186-194.

Sensfuss, C.; Schlegel, H.G. Plasmid Pmol28-Encoded Resistance to Nickel Is Due to Specific Efflux.

FEMS MICROBIOLOGY LELLERS; 1988; 55(3): 295-298.

Note: Article.

Serita, F., Homma, K., Fukuda, K., Sawatari, K., Suzuki, Y.; Toya, T. Development of an inhalation

system of high melting point metal fumes and its use for exposure of rats to chromium and nickel fumes.

INDUSTRIAL HEALTH; 1990; 28(4): 185-199.

Seyfried, P.L., Desjardins, R.M., Alarcon, A.E., Kulendran, N., Sidarous, M., Harris, E.; Bradbury,

W.C. Antibiotic and toxicant susceptibility profiles of clinical and environmental Klebsiella pneumoniae

isolates. TOXICITY ASSESSMENT: AN INTERNATIONAL JOURNAL; 1989; 4(4): 437%50.

Seymour, M.P.; Jefferies, T.M.; Notarianni, L.J. Limitations in the Use of Nickel Boride Dechlorination

for the AnalysisofPolychlorinated-Biphenyls. BULLETIN OF ENVIRONMENTAL CONTAMINATION

AND TOXICOLOGY; 1986; 37(2): 199-206.
Note: Article.

Shaffer, P.T.B. Metals, Composites and Ceramics - The Distinctions Are Rapidly Disappearing.

JOM-JOURNAL OF THE MINERALS METALS & MATERIALS SOCIETY; 1990; 42(12): 48%8.

Note: Article.

Sharma, B.L.; Kachru, D.N.; Singh, S.; Tandon, S.K. Chelation in Metal Intoxication .19.

Alpha-Mercapto-Beta-Aryl Acrylic-Acid As Antidotes to Nickel and Lead Toxicity. JOURNAL QF

APPLIED TOXICOLOGY; 1986; 6(4): 253-257.
Note: Article.

Sharma, B.L.; Kachru, D.N.; Khandelwal, S.; Singh, S.; Tandon, S.K. Chelation in Metal Intoxication

.25. Mercaptoacrylic Acids As Antidotes of Lead and Nickel Toxicity. JAPANESE JOURNAL QF

PHARMACOLOGY; 1987; 45(3): 295-302.
Note: Article.

Sharma, P.; Kumbhat, S.; Rawat, C. Voltammetric Determination of Trace Level Nickel in Presence of
Cadmium, Lead and Zinc. INDIAN JOURNAL OF CHEMISTRY SECTION A-INORGANIC

BIO-INORGANIC PHYSICAL THEORETICAL Ec ANALYTICAL CHEMISTRY; 1990; 29(2):

105



195-196.
Note: Note.

Sharma, Y.C.; Prasad, G.; Rupainwar, D.C.

Sharov, V.A.; Medvedeva, N.I.; Baikova, L.A. Certain Principles of Property Changes in the

Manganese, Iron, Cobalt and Nickel Oxalate Dihydrate Series. ZHURNAL NEORGANICHESKOI

KHIMII; 1988; 33(11): 2947-2949.
Note: Note.

Shaw, B.; Gartland, P.O.; Moran, P. The Effect of Seawater Chlorination on the Crevice Corrosion of
Selected Nickel-Based Alloys. JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1987; 134(8B):

C421-C421.
Note: Meeting-Abstract.

Shcheka, S.A.; Chubarov, V.M. Nickel-Bearing Cortlandites of Kamchatka. IZVESTIYA AKADEMII

NAUK SSSR SERIYA GEOLOGICHESKAYA; 1987; (12): 5(461.
Note: Article.

Shcherbinina, N.I.; Ishmiyarova, G.R.; Nikitina, I.E.; Myasoedova, G.V.; Polosukhina, L.A.; Uralov,

I.I.; Simonova, A.D.; Danilova, E.Y. Adsorption-X-Ray Fluorescence Determination of Copper, Nickel,

Zinc, and Chromium in Waste-Water. JOURNAL OF ANALVHCAL CHEMISTRY. OF THE USSR;

1990; 45(4): 549-554.
Note: Article.

Shelnutt, J.A. Axial Ligation in Nickel Porphyrins and Nickel Corphins Related to Coenzyme-F430 of
Methylreductase. BIOPHYSICAL JOURNAL; 1987; 51(2): A405-A405.
Note: Meeting-Abstract.

Shelnutt, J.A. Multiple 4-Coordinate Forms in a Nickel Hydrocorphinate Related to Cofactor F&30 of
Methylreductase. JOURNAL OF PHYSICAL CHEMISTRY; 1989; 93(17): 62834290.
Note: Article.

Shelnutt, J.A.; Alston, K.; Ho, J.Y.; Rifkind, J.M.; Yamamoto, T.; Yu, N.T. 4-Coordinate and

5-Coordinate Species in Nickel-Reconstituted Hemoglobin and Myoglobin - Raman Identification of the
Nickel Histidine Stretching Mode. BIOCHEMISTRY; 1986; 25(3): 62(h627.
Note: Article.

Shemyakina, E.V. Interaction of Slightly Water-Soluble Cobalt Sulfite, Nickel Sulfite and Zinc Sulfite

with Hydrated Collagen Fibrils. IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENII KHIMIYA I
KHIMICHESKAYA TEKHNOLOGIYA; 1988; 31(4): 5941.
Note: Article.

Sheoran, I.S.; Aggarwal, N.; Singh, R. Effects of Cadmium and Nickel on Invivo Carbon-Dioxide
Exchange-Rate of Pigeon Pea (Cajanus-Cajan L). PLANT AND SOIL; 1990; 129(2): 243-249.

Note: Article.

Sheoran, I.S.; Singal, H.R.; Singh, R. Effect of Cadmium and Nickel on Photosynthesis and the Enzymes



of the Photosynthetic Carbon-Reduction Cycle in Pigeonpea (Cajanus-Cajan L). PHOTOSYNTHESIS
RESEARCH; 1990; 23(3): 345-351.
Note: Article.

Sheppard, M.I.; Thibault, D.H. A 4-Year Mobility Study of Selected Trace-Elements and Heavy-Metals.
JOURNAL OF ENVIRONMENTAL QUALITY; 1991; 20(1): 101-114.
Note: Article.

Shi, Z.C. Acute Nickel Carbonyl Poisoning - A Report of 179 Cases. BRITISH JOURNAL OF
INDUSTRIAL MEDICINE; 1986; 43(6): 422-424.
Note: Note.

Shi, Z.C.; Han, Y.H.; Lata, A. Comparative-Study on Serum Monoaminoxidase and EEG in Nickel
Carbonyl Workers. CHINESE MEDICAL JOURNAL; 1986; 99(11): 918-919.
Note: Article.

Shi, Z.C.; Han, Y.H.; Lata, A. A Study of Serum Monoamine-Oxidase (Mao) Activity and the EEG in
Nickel Carbonyl Workers. BRITISH JOURNAL OF INDUSTIGAL MEDICINE; 1986; 43(6): 425%26.
Note: Note.

Shibata, M.; Akagi, A.; Sano, N.; Otsuka, H.; Izumi, K. Induction of Soft-Tissue Tumors in F344 Rats
by Subcutaneous, Intramuscular, Intra-Articular, and Retroperitoneal Injection of Nickel Sulfide (Ni3S2).
JOURNAL OF PATHOLOGY; 1989; 157(3): 263-274.
Note: Article.

Shibayama, N.; Ikedasaito, M.; Inubushi, T.; Yonetani, T. Nuclear Magnetic-Resonance (NMR) Studies
of Nickel-Iron Hybrid Hemoglobins (HB). FEDERATION PROCEEDINGS; 1986; 45(6): 1641-1641.
Note: Meeting-Abstract.

Shiemke, A.K.; Scott, R.A.; Shelnutt, J.A. Resonance Raman-Spectroscopic Investigation of Axial
Coordination in M-Thermoautotrophicum Methyl Reductase and Its Nickel Tetrapyrrole Cofactor-F430.
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1988; 110(5): 1645-1646.
Note: Note.

iga, Y. Behavior of Iron, Nickel, Cobalt and Sulfur During Serpentinization, with Reference to the
Hayachine Ultramafic Rocks of the Kamaishi Mining District, Northeastern Japan. CANADIAN
MINERALOGIST; 1987; 25(DEC): 611424.
Note: Article.

Shirakawa, T.; Kusaka, Y.; Fujimura, N.; Kato, M.; Heki, S.; Morimoto, K. Hard Metal Asthma-
Cross Immunological and Respiratory Reactivity Between Cobalt and Nickel. THORAX; 1990; 45(4):
267-271.
Note: Article.

Shlyakhov, E.N.; Tsapkov, V.I.; Tomnatik, L.E.; Samus, N.M.; Chaika, T.S.; Burdenko, T.A.
Combined Copper (2+) and Nickel (2+) Compounds with Schiff-Bases and Their Antimicrobial Activity.
KHIMIKO-FARMATSEVTICHESKII ZHURNAL; 1989; 23(2): 186-189.
Note: Article.

107



Shpigun, L.K.; Kolotyrkina, I.Y.; Zolotov, Y.A. Flow-Injection Analysis - Spectrophotometric
Determination of Nickel. JOURNAL OF ANALYTICAL CHEMISTRY OF THE USSR; 1986; 41(7):
925-92&.
Note: Article.

Siddiqui, R.A.; Benthin, K.; Schlegel, H.G. Cloning of Pmol28-Encoded Nickel Resistance Genes and

Expression of the Genes in Alcaligenes-Eutrophus and Pseudomonas Spp. JOURNAL OF
BACTERIOLOGY; 1989; 171(9): 5071-507&.
Note: Article.

Siddiqui, R.A.; Schlegel, H.G.; Meyer, M. Inducible and Constitutive Expression of Pmo128-Encoded

Nickel Resistance in Alcaligenes-Eutrophus N9A. JOURNAL OF BACTERIOLOGY; 1988; 170(9):
4188%193.
Note: Article.

Siddiqui, R.A.; Schlegel, H.G. Plasmid Pmol28-Mediated Inducible Nickel Resistance in
Alcaligenes-Eutrophus Strain Ch34. FEMS MICROBIOLOGY Lt,l laRS; 1987; 43(1): 9-13.
Note: Article.

Siewers, U. Inductively Coupled Plasma Mass-Spectrometry in Geochemistry. MIKROCHIMICA ACTA;
1989; 3(34): 365-372.
Note: OBTAIN ADDRESS.

Sigee, D.C.; Alrabaee, R.H. Nickel Toxicity in Pseudomonas-Tabaci - Single Cell and Bulk Sample
Analysis of Bacteria Cultured at High Cation Levels. PROTOPLASMA; 1986; 130(2-3): 171-1&5.

Note: Article.

Sighinolfi, G.P.; Simonetti, L.; Martelli, M.; Gorgoni, C.; Cantoni, E.; Bonori, O. Comprehensive
Determination of Trace-Elements in Human-Saliva by ETA-AAS. MIKROCHIMICA ACTA; 1989;

1(3%): 171-179.

Silk, J.E.; Mangelson, N.F.; Lytle, F.W.; Hansen, L.D.; Hill, M.W.; Greegor, R.B.; Eatough, D.J.
Chemical Characterization of Vanadium, Nickel, and Arsenic in Oil Fly-Ash Samples Using EXAFS and
XANES Spectroscopy. PHYSICA B; 1989; 158(1-3): 247-248.
Note: Article.

Silva, C.A.R.; Lacerda, L.D.; Rezende, C.E. Metals Reservoir in a Red Mangrove Forest.
BIOTROPICA; 1990; 22(4): 339-345.
Note: Article.

Silvennoinenkassine, S. Nickel-induced immune reactions invitro in cutaneous nickel allergy. PROGRESS
IN CLINICAL AND BIOLOGICAL RESEARCH; 1990: 258-263.

Silvennoinenkassinen, S.; Ikaheimo, I.; Kauppinen, M.; Karvonen, J. Cell-Surface Markers of Nickel
Induced 7-Day Lymphocyte Blasts in Nickel Sensitive Subjects. JOURNAL OF INVESTIGATIVE
DERMATOLOGY; 1990; 95(4): 489-489.

108



Note: Meeting-Abstract.

Silvennoinenkassinen, S.; Ikaheimo, I.; Poikonen, K.; Kauppinen, M. Nickel-Specific T-Cell Clones.

SCANDINAVIAN JOURNAL OF IMMUNOLOGY; 1990; 32(4): 415-415.

Note: Meeting-Abstract.

Silvennoinenkassinen, S.; Jakkula, H.; Karvonen, J. Binding of Nickel to the Mononuclear-Cells and in

the Serum of Nickel-Sensitive and Healthy-Subjects. CLINICAL AND EXPERIMENTAL

DERMATOLOGY; 1987; 12(4): 265-269.
Note: Article.

Silvennoinenkassinen, S.; Jakkula, H.; Karvonen, J. Helper-Cells (Leu-3A+) Carry the Speciflcity of
Nickel Sensitivity Reaction Invitro in Humans. JOURNAL OF INVESTIGATIVE DERMATOLOGY;

1986; 86(1): 18-20.
Note: Article.

Silvennoinenkassinen, S.; Juutinen, K.; Karttunen, R.; Karvonen, J.; Tiilikainen, A. The Number of IL-2

Receptor Positive Helper-Cells (Leu-3A Positive) Increase During Nickel-Induced Lymphocyte

Profileration of Nickel-Sensitive Subjects Invitro. SCANDINAVIAN JOURNAL OF IMMUNOLOGY;

1986; 24(4): 478%78.
Note: Meeting-Abstract.

Silvennoinenkassinen, S.; Karvonen, J.; Kauppinen, M. Nickel Induces Il-2 Receptor, 114 and Tumor

Necrosis Factor-Alpha Secretion from Peripheral-Blood Mononuclear-Cells of Nickel-Sensitive Subjects.

SCANDINAVIAN JOURNAL OF IMMUNOLOGY; 1990; 32(4): 415%15.

Note: Meeting-Abstract.

Simpraga, R.; Conway, B.E. Realization of Monolayer Levels of Surface Oxidation of Nickel by
Anodization at Low-Temperatures. JOURNAL OF ELECTROANALYTICAL CHEMISTRY AND

INTERFACIAL ELECTROCHEMISTRY; 1990; 280(2): 341-357.

Note: Article.

Simpson, R.G. Nickel Plate, British-Columbia - Geology and Operations. CIM BULLETIN; 1988;

81(911): 86-86.
Note: Meeting-Abstract.

Simunic, J.L.; Pinhas, A.R. Reactivity of a Lithium Nickel Acylate Complex in THF. INORGANIC

CHEMISTRY; 1989; 28(12): 2400-2406.
Note: Article.

Singh, B.; Dang, Y.P.; Mehta, S.C. Influence of Nitrogen on the Behavior of Nickel in Wheat. PLANT

AND SOIL; 1990; 127(2): 213-218.
Note: Article.

Singh, D.P.; Khare, P.; Bisen, P.S. Effect of Ni2+ and other elements on growth, oxygen evolution and

photsynthetic electron transport in Cylindrospermum IU 942. J. PLANT PHYSIOL.; 1989; 134(4):

406&12.



Singh, R.N.; Keefer, R.F. Uptake of Nickel and Cadmium by Vegetables Grown on Soil Amended with
Different Sewage Sludges. AGRICULTURE ECOSYSTEMS & ENVIRONMENT; 1989; 25(1): 27-38.
Note: Article.

Singh, S. Effect of acetohydroxamic acid and p-hydroxymercuribenzoate on urease activity of blue-green
algae. CURRENT SCIENCE; 19&9; 58(8): 449%52.

Siriraks, A.; Kingston, H.M.; Riviello, J.M. Chelation Ion Chromatography As a Method for Trace
Elemental Analysis in Complex Environmental and Biological Samples. ANALYTICAL CHEMISTRY;
1990; 62(11): 1185-1193.

Sivalingam, P.M.; Billet, R. Enzymatic and Cellular-Level Effects of Nickel. TOXICOLOGICAL AND
ENVIRONMENTAL CHEMISTRY; 1989; 18(4): 311-317.
Note: Article.

Sjovall, P.; Christensen, O.B.; Moiler, H. Oral Hyposensitization in Nickel Allergy. JOURNAL OF
THE AMERICAN ACADEMY OF DERMATOLOGY; 1987; 17(5): 774-778.
Note: Article.

Skopenko, V.V.; Paly, G.K.; Makats, E.F.; Gritsenko, V.V.; Gerasimchuk, N.N. Copper-(II) and
Nickel-(II) Benzoylcyanamides Showing the Antimicrobic Activity. DOPOVIDI AKADEMII NAUK
UKRAINSKOI RSR SERIYA BNEOLOGICHNI KHIMICHNI TA BIOLOGICHNI NAUKI; 1989; (7):
49-52.
Note: Article.

Skvortsov, N.G. Nickel Removal from Nickel Bath Cleansing Water, Using Carboxylic Cationite Kb-4
As Sorbent. SOVIET ENGINEERING RESEARCH; 1987; 7(4): 41%2.
Note: Article.

Skvortsov, N.G.; Ananeva, T.A.; Khabazova, T.A. Fiber Sorbents for Extracting Nickel from Effluents.
JOURNAL OF APPLIED CHEMISTRY OF THE USSR; 1989; 62(5): 1087-1090.
Note: Article.

Skvortsov, N.K.; Moldavskaya, N.A.; Reikhsfeld, V.O.; Voloshina, N.F. Investigation of the
Hydroxylation in the Presence of Fixed Nickel-Complexes. ZHURNAL OBSHCHEI KHIMII; 1988;
58(8): 1831-1840.
Note: Article.

Slavin, W.; Manning, D.C.; Carnrick, G.R. Fast Analysis with Zeeman Graphite-Furnace AAS.
SPECTROCHIMICA ACTA PART B-ATOMIC SPECTROSCOPY; 44; 12: 1237-1243.

Slavin, W.; Manning, D.C.; Carnrick, G.R. Quality-Assurance Procedures for Graphite-Furnace
Atomic-Absorption Spectrometry. TALANTA; 1989; 36(1-2): 171-178.

Sliwa, W.; Mianowska, B. Iron, Cobalt and Nickel-Complexes of Pyridines. TRANSITION METAL
CHEMISTRY; 1988; 13(3): 161-169.
Note: Review.

110



Small, J.G.C.; Botha, F.C.; Pretorius, J.C.; Hoffman, E. Evidence for an Ethylene Requirement to

Reduce Soaking Injury in Bean-Seeds and the Beneficial Effect of Heavy-Metals. JOURNAL OF

EXPERIMENTAL BOTANY; 1991; 42(235): 277-280.

Note: Article.

Smeggil, J.G.; Shuskus, A.J.; Burilla, C.T.; Cipolli, R.J. Use of Ion-Implantation Techniques to

Characterize the Oxidation of Elemental Nickel. SURFACE 8c COATINGS TECHNOLOGY; 1988;

36(1-2): 27-36.
Note: Article.

Smialowicz, R.J.; Fogelson, L.D.; Luebke, R.W.; Riddle, M.M.; Rogers, R.R.; Rowe, D.G. Effects

of Manganese, Calcium, Magnesium, and Zinc on Nickel Induced Suppression of Murine Natural-Killer

Cell-Activity. JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH; 1987; 20(1-2):

67-80.
Note: Article.

Smialowicz, R.J.; Luebke, R.W.; Riddle, M.M.; Rogers, R.R.; Rowe, D.G. The Effects of Nickel on

Immune Function in the Rat. TOXICOLOGY; 1987; 44(3): 271-281.

Note: Article.

Smithsonneborn, J.; Donathan, R.; Fisher, G.L.; Leibovitz, B. Bioassay of Environmental Nickel Dusts

in a Particle Feeding Ciliate. ENVIRONMENTAL MUTAGENESIS; 1986; 8(4): 621%26.

Note: Article.

Sokolova, L.P.; Kargman, V.B.; Saldadse, K.M.; Skornyakov, V.V. Selective Separation of Components

(Copper, Nickel, Zinc, Chromium(VI)) in the Process of Ion-Exchange Purification of Waste-Waters.

JOURNAL OF CHROMATOGRAPHY; 1986; 364(SEP): 135-142.

Note: Article.

Sole, J.; Huguet, J.; Arola, L.; Romeu, A. Invivo Effects of Nickel and Cadmium in Rats on

Lipid-Peroxidation and Ceruloplasmin Activity. BULLETIN OF ENVIRONMENTAL

CONTAMINATION AND TOXICOLOGY; 1990; 44(5): 686-691.

Note: Article.

Song, O.K.; Kim, D.; Yoon, M.J.; Chang, J.R. Comparative Vib:. tional Spectroscopic Studies Between

Nickel, Zinc Tetraphenylporphyrins and Tetraphenylchlorins. BULLETIN OF THE KOREAN

CHEMICAL SOCIETY; 1989; 10(1): 39%7.
Note: Article.

Sorahan, T. Mortality from Lung-Cancer Among a Cohort of Nickel Cadmium Battery Workers-
1946-84. BRITISH JOURNAL OF INDUSTRIAL MEDICINE; 1987; 44(12): 803-809.

Note: Article.

Sorahan, T.; Burges, D.C.L.; Waterhouse, J.A.H. A Mortality Study of Nickel Chromium Platers.

BRITISH JOURNAL OF INDUSTRIAL MEDICINE; 1987; 44(4): 250-258.

Note: Article.

Southwood, M.J. The Acid Leaching of Nickel and Copper from Sulfiidic Ore in the Presence of Pyrite.

111



JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY; 1985;
&5(11): 395~1.
Note: Article.

Spat, A.; Balla, I.; Balla, T.; Enyedi, P.; Hajnoczky, G.; Rohacs, T. Sustained Stimulation of
Aldosterone Production by Angiotensin-11 Is Potentiated by Nickel. AMERICAN JOURNAL OF
PHYSIOLOGY; 1990; 258(4): E555-E561.
Note: Article.

Spears, J.W.; Harvey, R.W.; Samsell, L.J. Effects of Dietary Nickel and Protein on Growth,
Nitrogen-Metabolism and Tissue Concentrations of Nickel, Iron, Zinc, Manganese and Copper in Calves.
JOURNAL OF NUTRITION; 1986; 116(10): 1873-1882.
Note: Article.

Springsteen, L.L.; Matijevic, E. Preparation and Properties of Uniform Colloidal Metal Phosphates .4.
Cadmium Phosphate, Nickel Phosphate, and Manganese(II) Phosphate. COLLOID AND POLYMER
SCIENCE; 1989; 267(11): 1007-1015.
Note: Abstract.

Srivastava, A.K.; Miyazaki, E.; Kojima, I. Theoretical-Studies on the Disproportionation of
Carbon-Monoxide on Nickel Clusters. BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN; 1989;
62(11): 3666-3669.
Note: Article.

Srivastava, A.; Srivastava, S.K.; Srivastava, R.C.; Behari, J.R.; Katiyar, S.S.; Hasan, S.K.
Comparative-Evaluation of Macrocyclic Drugs and Their Linear Counterparts in Preventing Nickel
Toxicity in Mice. JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH PART
A-ENVIRONMENTAL SCIENCE AND ENGINEERING; 1989; 24(1): 77-86.
Note: Article.

Srivastava, H.K.; Tikoo, P.K. Bright and Hard Electrodeposits of Nickel from Nickel Acetate Formamide
Bath. MATERIALS SCIENCE AND TECHNOLOGY; 1988; 4(9): 836-843.
Note: Article.

Srivastava, R.C.; Ahmad, I.; Kaur, G.; Hasan, S.K. Alterations in the Metabolism of Endogenous
Trace-Metals Due to Cadmium, Manganese and Nickel - Effect of Partial-Hepatectomy. JOURNAL OF
ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1988; 23(2): 95-101.
Note: Article.

Srivastava, R.C.; Athar, M.; Misra, L.R.; Hasan, S.K. Influence of Partial-Hepatectomy on the
Metabolic Disposition of Nickel in Rats. BULLETIN OF ENVIRONMENTAL CONTAMINATION
AND TOXICOLOGY; 1988; 40(3): 439443.
Note: Article.

Srivastava, R.C.; Kumar, A.; Srivastava, S.K.; Gupta, S.; Hasan, S.K.; Athar, M. Nickel-Mediated
Inhibition in the Glutathione-Dependent Protection Against Lipid-Peroxidation. BIOCHEMISTRY
INTERNATIONAL; 1990; 20(3): 495-501.

112



Note: Article.

Srivastava, R.C.; Srivastava, S.K.; Hasan, S.K.; Franklin, S.B.; Behari, J.R. Distribution of Nickel in

Diethylmaleate (dern) Pre-Treated Rats - Protective Role of Glutathione and Histidine. INDUSTRIAL

HEALTH; 198&; 26(3): 183-185.
Note: Letter.

Srivastava, R.C.; Srivastava, S.K.; Hasan, S.K.; Gupta, S.; Athar, M. Evaluation of Nickel-Complexes

of Bioligands-Effect on Distribution Profile. RESEARCH COMMUNICATIONS IN CHEMICAL

PATHOLOGY AND PHARMACOLOGY; 1989; 65(2): 253-256.

Note: Letter.

Srivastava, S.K.; Hasan, S.K.; Srivastava, R.C. Toxicokinetics of Nickel in Glutathione Depleted Rats.

CHEMOSPHERE; 1990; 21(8): 925-930.
Note: Article.

Stanley, C.J.; Symes, R.F.; Jones, G.C. Nickel-Copper Mineralization at Talnotry, Newton-Stewart,

Scotland. MINERALOGY AND PETROLOGY; 1987; 37(3-4): 293-313.

Note: Article.

Stavropoulos, P.; Carrie, M.; Muetterties, M.C.; Holm, R.H. Reaction Sequence Related to That of

Carbon-Monoxide Dehydrogenase (Acetyl Coenzyme a Synthase) - Thioester Formation Mediated at

Structurally Defined Nickel Centers. JOURNAL OF THE AMERICAN CHEMICAL SOCIETY; 1990;

112(13): 5385-5387.
Note: Note.

Steiner, N.; Nagel, U.; Beck, W. Metal-Complexes with Biologically Important Ligands .47. Copper,

Nickel, Palladium, and Platinum(II) Complexes of C-Allylglycine and

N-(Diphenylmethylene)-C-Allylglycine Ester. CHEMISCHE BERICHTE; 1988; 121(10): 1759-1765.

Note: Article.

Steinnes, E. Lead, cadmium and other metals in Scandinavian surface waters, with emphasis on

acidification and atmospheric deposition. ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY;

1990; 9(7): 825-831.

Stephenson, D.G.; Thieleczek, R. Activation of the Contractile Apparatus of Skinned Fibers of Frog hy

the Divalent-Cations Barium, Cadmium and Nickel. JOURNAL OF PHYSIOLOGY-LONDON; 1986;

380(NOV): 75-92.
Note: Article.

Stern, R.M. Indicators of Matrix Dependent Variation in Effective Dose for Chromium and Nickel

Aerosol Exposures. SCIENCE OF THE TOTAL ENVIRONMENT; 1988; 71(3): 301-307.

Note: Article.

Stern, R.M. Occupational Exposures, Delivered Doses and Exposure Limits for Chromium and Nickel.

TOXICOLOGICAL AND ENVIRONMENTAL CHEMISTRY; 1986; 12(3Q): 185-193.

Note: Article.

113



Stokes, P. Nickel in Aquatic Systems. METAL IONS IN BIOLOGICAL SYSTEMS; 1988; 23: 31-46.

Note: Review.

Stollery, K.R. User Costs Versus Markups As Deter»»~its of Prices in the Nickel Industry - Reply.

JOURNAL OF ENVIRONMENTAL ECONOMICS AND MANAGEMENT; 1985; 12(4): 397-400.

Note: Note.

Stone, W.E.; Macrae, N.D.; Fleet, M.E. 2-Phase Nickeliferous Monosulfide Solid-Solution (MSS) in

Megacrysts from Mount Shasta, California - A Natural Laboratory for Nickel-Copper Sulfides.

AMERICAN MINERALOGIST; 1989; 74(9-10): 981-993.

Note: Article.

Stratton, G.W.; Giles, J. Importance of Bioassay Volume in Toxicity Tests Using Algae and Aquatic

Invertebrates. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990;

44: 420-427.

Strelow, F.W.E. Separation of Traces of Manganese, Cobalt, Nickel and Copper from Gram Amounts

of Tellurium by Cation-Exchange Chromatography in Hydrochloric-Acid Acetone Media. ANALYTICA

CHIMICA ACTA; 198&; 212(1-2): 191-199.

Note: Article.

Strubel, G.; Rzepkaglinder, V.; Grobecker, K.H.; Jarrar, K. Heavy-Metals in Human Urinary Calculi

- Determination of Chromium, Lead, Cadmium, Nickel and Mercury in Human Urinary Calculi by Direct

Solid Sampling Atomic-Absorption Spectrometry Using Zeeman Background Correction. FRESENIUS

JOURNAL OF ANALYTICAL CHEMISTRY; 1990; 337(3): 316-319.

Note: Article.

Stulik, K. Some Aspects of Flow Electroanalysis. ANALYST; 1989; 114(12): 1519-1525.

Stults, L.W.; Maier, R.J.; Mallick, S. Nickel Uptake in Bradyrhizobium-Japonicum. JOURNAL OF

BACTERIOLOGY; 1987; 169(4): 1398-1402.

Note: Article.

Stults, L.W.; Maier, R.J.; Sray, W.A. Regulation of Hydrogenase Biosynthesis by Nickel in

Bradyrhizobium-Japonicum. ARCHIVES OF MICROBIOLOGY; 1986; 146(3): 280-283.

Note: Article.

Sturgeon, R.E. Graphite-Furnace Atomic-Absorption Analysis of Marine Samples for Trace-Metals.

SPECTROCHIMICA ACTA PART B-ATOMIC SPECTROSCOPY; 1989; 44(12): 1209-1220.

Sturgeon, R.E.; Willie, S.N.; Berman, S.S. Graphite-Furnace Atomic-Absorption Spectrometric

Determination of Nickel at Sub-ng G-1 Levels in Marine Samples by Carbonyl Generation with Insitu

Pre-Concentration. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY; 1989; 4(5): 443-446.

Note: Article.

Subrahmanyam, M.N.V. Concentration of Mn, Cu, Ni, Cd and Co and toxicity of Mn and Ni in

zooplankton from Visakhapatnam Harbour (Bay of Bengal). INDIAN JOURNAL OF MARINE

SCIENCES; 1990; 19(4): 297-300.

114



Subrahmanyam, V.V.V.; Bhattacharya, P.K.; Srivastava, Y.P. Inert Dilution Method for Geological

Prospecting of Nickeliferous Laterite. APPLIED RADIATION AND ISOTOPES-INTERNATIONAL

JOURNAL OF RADIATION APPLICATIONS AND INSTRUMENTATION PART A; 1990; 41(2):

235-236.

Subramanian, K.S. Determination of trace metals in blood by Graphite-Furnace Atomic Absorption

Spectrophotometry: Recent Studies. ATOMIC SPECTROSCOPY; 1988; 9(5): 169-178.

Sukhan, V.V.; Kronikovsky, O.I.; Monastyrsky, A.I.; Nazarenko, A.Y. Extraction of Lead, Nickel,

Cobalt and Copper in a Form of Heteroligand Complexes with 1,10-Dichinolyl-1,4,7,10-Tetraoxadecan

and Trichloroacetat-Ion. UKRAINSKII KHIMICHESKII ZHURNAL; 1988; 54(4): 396-399.

Note: Article.

Sukhan, V.V.; Lokhanko, T.M.; Gorlach, V.F. Extractional-Photometric Determination of Nickel in

Alloys with Benzene Amine and Xylenol Orange. UKRAINSKII KHIMICHESKII ZHURNAL; 1988;

54(8): 847-849.
Note: Article.

Sukhov, L.G.; Aplonov, V.S. A Thermobarogeochemical Model of Nickel-Copper Ore Formation.

DOKLADY AKADEMII NAUK SSSR; 1988; 298(5): 1189-1193.

Note: Article.

Sukla, L.B.; Jena, P.K.; Panda, S.C. Recovery of Cobalt, Nickel and Copper from Converter Slag

Through Roasting with Ammonium-Sulfate and Sulfuric-Acid. HYDROMETALLURGY; 1986; 16(2):

153-165.
Note: Article.

Sun, C.C. Allergic Contact-Dermatitis of the Face from Contact with Nickel and Ammoniated Mercury

in Spectacle Frames and Skin-Lightening Creams. CONTACT DERMATITIS; 1987; 17(5): 306-309.

Note: Article.

Sunderman, F.W. Lipid-Peroxidation As a Mechanism of Acute Nickel Toxicity. TOXICOLOGICAL

AND ENVIRONMENTAL CHEMISTRY; 1987; 15(1-2): 5949.
Note: Articl

Sunderman,; .W. Mechanisms of Nickel Carcinogenesis. SCANDINAVIAN JOURNAL OF WORK

ENVIRONMENT & HEALTH; 1989; 15(1): 1-12.

Note: Review.

Sunderman, F.W. A Pilgrimage into the Archives of Nickel Toxicology. ANNALS OF CLINICAL AND

LABORATORY SCIENCE; 1989; 19(1): 1-16.

Note: Editorial.

Sunderman, F.W. Use of Sodium Diethyldithiocarbamate in the Treatment of Nickel Carbonyl Poisoning.

ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1990; 20(1): 12-21.

Note: Article.

Sunderman, F.W.; Andersen, A.; Ashley, D.; Morgan, L.G.; Forouhar, F.A. Histopathology of

115



Sinonasal and Lung Cancers in Nickel Refinery Workers. ANNALS OF CLINICAL AND

LABORATORY SCIENCE; 1989; 19(1): 44-50.
Note: Article.

Sunderman, F.W.; Cecutti, A.G.; Conway, K.; Costa, M.; Hopfer, S.M.; Knight, J.A.; Mccully, K.S.;
Miller, C.; Patierno, S.R.; Thornhill, P.G. Physicochemical Characteristics and Biological Effects of
Nickel Oxides. CARCINOGENESIS; 1987; 8(2): 305-313.
Note: Article.

Sunderman, F.W.; Crisostomo, M.C.; Hopfer, S.M.; Stoeppler, M. Rapid Analysis of Nickel in Urine

by Electrothermal Atomic-Absorption Spectrophotometry. ANNALS OF CLINICAL AND

LABORATORY SCIENCE; 1986; 16(3): 219-230.
Note: Article.

Sunderman, F.W.; Edwards, B.; Folcik, M.; Gossling, H.R.; Higham, P.; Hopfer, S.M.; Rezuke, W.;

Swift, T.; Ziebka, L. Cobalt, Chromium, and Nickel Concentrations in Body-Fluids of Patients with

Porous-Coated Co/CR Prostheses. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1987;

17(4): 276-276.
Note: Meeting-Abstract.

Sunderman, F.W.; Hopfer, S.M.; Plowman, M.C.; Knight, J.A. Carcinogenesis Bioassays of Nickel

Oxides and Nickel-Copper Oxides by Intramuscular Administration to Fischer-344 Rats. RESEARCH

COMMUNICATIONS IN CHEMICAL PATHOLOGY AND PHARMACOLOGY; 1990; 70(1):

103-113.
Note: Article.

Sunderman, F.W.; Hopfer, S.M.; Nichols, W.W.; Selden, J.R.; Allen, H.L.; Anderson, C.A.; Hill, R.;
Bradt, C.; Williams, C.J. Chromosomal-Abnormalities and Gene Amplification in Renal Cancers Induced

in Rats by Nickel Subsulfide. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1990; 20(l):
60-72.
Note: Article.

Sunderman, F.W.; Hopfer, S.M.; Crisostomo, M.C. Nickel Analysis by Electrothermal

Atomic-Absorption Spectrometry. METHODS IN ENZYMOLOGY; 1988; 158: 382-391.

Note: Review.

Sunderman, F.W.; Stojanovic, T.; Ziebka, L.; Zaharia, O.; Wong, S.H.Y.; Plowman, M.C.; Hopfer,
S.M.; Lin, S.M. Toxicity to Alveolar Macrophages in Rats Following Parenteral Injection of Nickel

Chloride. TOXICOLOGY AND APPLIED PHARMACOLOGY; 1989; 100(1): 107-118.

Note: Article.

Sunderman, F.W.; Sweeney, K.R.; Creason, J.; Hopfer, S.M.; Most, B.M.; Marcus, A.H. Nickel

Absorption and Kinetics in Human Volunteers. PROCEEDINGS OF THE SOCIETY FOR

EXPERIMENTAL BIOLOGY AND MEDICINE; 1989; 191(1): 5-11.
Note: Article.

Sunderman, F.W.; Swif't, T.; Hopfer, S.M.; Dingle, B. Acute Nickel Toxicity in Electroplating Workers

Who Accidentally Ingested a Solution of Nickel Sulfate and Nickel Chloride. AMERICAN JOURNAL

116



OF INDUSTRIAL MEDICINE; 1988; 14(3): 257-266.

Note: Article.

Sunderman, F.W.; Ziebka, L.; Swift, T.; Hopfer, S.M.; Highman, P.; Rezuke, W.N.; Gossling, H.R.;

Folcik, M.; Edwards, B. Cobalt, Chromium, and Nickel Concentrations in Body-Fluids of Patients with

Porous-Coated Knee or Hip Prostheses. JOURNAL OF ORTHOPAEDIC RESEARCH; 1989; 7(3):

307-315.
Note: Article.

Sutton, C.S.; Sugita, Y.; Kambic, H.E.; Harasaki, H.; Murabayashi, S.; Shirey, E.; Nose, Y.; Oku, T.

Titanium-Nickel Intravascular Endoprosthesis - A 2-Year Study in Dogs. AMERICAN JOURNAL OF

ROENTGENOLOGY; 1988; 151(3): 597401.
Note: Article.

Sutton, C.S.; Tominaga, R.; Harasaki, H.; Emoto, H.; Oku, T.; Kambic, H.E.; Skibinski, C.; Beck,

G.; Hollman, J. Vascular Stenting in Normal and Atherosclerotic Rabbits - Studies of the Intravascular

Endoprosthesis of Titanium-Nickel-Alloy. CIRCULATION; 1990; 81(2): 667483.

Note: Article.

Suzuki, N.; Saitoh, K.; Sugiyama, Y. High-Performance Liquid-Chromatographic Separation of

Hematoporphyrin and Its Nickel, Copper and Zinc-Complexes on Octadecyl-Bonded Stationary Phase.

CHROMATOGRAPHIA; 1986; 22(14): 132-134.

Note: Article.

Suzuki, N.; Saitoh, K.; Sugiyama, Y. Reversed-Phase High-Performance Thin-Layer Chromatography

ofHematoporphyrin and Its Nickel, Copper and Zinc-Complexes. CHROMATOGRAPHIA; 1986; 21(9):

509-512.
Note: Article.

Suzuki, T.; Nishihara, H.; Aramaki, K. A Mechanistic Study of the Oxidative Addition-Reaction of

Benzyl Thiocyanate at Iron, Nickel, and Zinc Surfaces in Sulf'uric-Acid. LANGMUIR; 1990; 6(4):

816-821.
Note: Article.

Sviridenko, V.G.; Eliseeva, I.M.; Lapitskaya. K.; Lin, D.G. Use of Alternating-Current Voltammetry

for Simultaneous Determination of Cobalt, l; kel, and Iron in Polymer Materials. JOURNAL OF

ANALYTICAL CHEMISTRY OF THE USSR; 1986; 41(3): 425&26.

Note: Article.

Sviridov, V.V.; Tsybulskaya, L.S.; Gaevskaya, T.V.; Semenenko, E.A. Stability of a Solution for

Chemical-Deposition of Nickel. JOURNAL OF APPLIED CHEMISTRY OF THE USSR; 1990; 63(1):

34-37.
Note: Article.

Swierenga, S.H.H.; Mueller, R.; Lee, F.; Marceau, N.; French, S.W.; Katsuma, Y. Altered Cytokeratin

Expression and Differentiation Induction During Neoplastic Transformation of Cultured Rat-Liver Cells

by Nickel Subsulfide. CELL BIOLOGY AND TOXICOLOGY; 1989; 5(3): 271-286.

Note: Article.

117



Switendick, A.C. Citation Classic - Electronic-Energy Bands of Metal-Hydrides - Palladium and Nickel

Hydride. CURRENT CONTENTS/ENGINEERING TECHNOLOGY 8c APPLIED SCIENCES; 1988;

(22): 20-20.
Note: Article.

Syrett, P.J.; Peplinska, A.M. The Effect of Nickel and Nitrogen Deprivation on the Metabolism of Urea

by the Diatom Phaeodactylum-Tricornutum. BRITISH PHYCOLOGICAL JOURNAL; 1988; 23(4):
387-390.
Note: Note.

Szefer, P. Interphase and Trophic Relationships of Metals in a Southern Baltic Ecosystem. SCIENCE OF

THE TOTAL ENVIRONMENT; 1991; 101(3): 201-215.
Note: Article.

Szefer, P.; Szefer, K.; Skwarzec, B. Distribution of trace metals in some representautive fauna of the
southern Baltic. MARINE POLLUTION BULLETIN; 1990; 21(2): 60-62.

Szliska, C.; Raskoski, J. Sensitization to Nickel, Cobalt and Chromium in Surgical Patients. CONTACT
DERMATITIS; 1990; 23(5): 378-379.
Note: Note.

Tadros, M.G.; Mbuthia, P.; Smith, W. Differential response of marine diatoms to trace metals.
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 44(6): 826-831.

Takahashi, P.K.; Yuen, P.C. Ocean resource development in Hawaii. OCEANS '89: THE GLOBAL
OCEAN. VOLUME 1: FISHERIES, GLOBAL OCEAN STUDIES, MARINE POLICY AND
EDUCATION, OCEANOGRAPHIC STUDIES; 1989: 32-37; ISSN: IEEE-89CH2780-5.

Takakuwa, S. Nickel Uptake in Rhodopseudomonas-Capsulata. ARCHIVES OF MICROBIOLOGY;
1987; 149(1): 5741.
Note: Article.

Takenaka, S.; Mohr, U.; Muhle, H.; Creutzenberg, O.; Bellmann, B. Morphological Effects of Nickel

Powders on the Lung of Syrian Golden-Hamsters. JOURNAL OF AEROSOL SCIENCE; 1988; 19(7):
1149-1152.
Note: Article.

Tanaka, I.; Ishimatsu, S.; Kodama, Y.; Matsuno, K.; Tsuchiya, K. Biological Half Time of Deposited
Nickel-Oxide Aerosol in Rat Lung by Inhalation. BIOLOGICAL TRACE ELEMENT RESEARCH; 1985;

8(3): 203-210.
Note: Article.

Tanaka, I.; Ishimatsu, S.; Kodama, Y.; Matsuno, K.; Tsuchiya, K. Retention of Nickel-Oxide (Green)
Aerosol in Rat Lungs by Long-Term Inhalation. BIOLOGICAL TRACE ELEMENT RESEARCH; 1986;

9(3): 187-195.
Note: Article.

Tanaka, I.; Kodama, Y.; Haratake, J.; Horie, A.; Ishimatsu, S. Biological Half-Time in Rats Exposed

118



to Nickel Monosulfide (Amorphous) Aerosol by Inhalation. BIOLOGICAL TRACE ELEMENT

RESEARCH; 1988; 17(SEP-): 237-246.

Note: Article.

Tan~lca, I.; Tsuchiya, K.; Horie, A.; Haratake, J.; Kodama, Y. Lung Burden of Green Nickel-Oxide

Aerosol and Histopathological Findings in Rats After Continuous Inhalation. BIOLOGICAL TRACE

ELEMENT RESEARCH; 1988; 16(1): 19-26.

Note: Article.

Tang, Z.L.; Ren, D.J. Types and Metallogenetic Models of Nickel Sulfide Deposits in China. ACTA

GEOLOGICA SINICA; 1987; 61(4): 350-361.

Note: Article.

Taraldsen, J.E.; Norberg-King, T.J. New Method for Determining Effluent Toxicity Using Duckweed

(Lemna, Minor). ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY; 1990; 9(6): 761-767.

Tarek, M., Zaki, M., Sedra, N.M.; Attiya, S.M. Spectrophotometric Determination of Nickel in Steels.

JOURNAL OF CHEMICAL TECHNOLOGY AND BIOTECHNOLOGY; 1989; 44: 155-162.

Taylor, D.; Maddock, B.G.; Mance, G. The Acute Toxicity of 9 Grey List Metals (Arsenic, Boron,

Chromium, Copper, Lead, Nickel, Tin, Vanadium and Zinc) to 2 Marine Fish Species - Dab

(Limanda-Limanda) and Grey Mullet (Chelon-Labrosus). AQUATIC TOXICOLOGY; 1985; 7(3):

135-144.
Note: Article.

Taylor, G.J. Multiple Metal Stress in Triticum-Aestivum - Differentiation Between Additive,

Multiplicative, Antagonistic, and Synergistic Effects. CANADIAN JOURNAL OF BOTANY; 1989;

67(8): 2272-2276.

Taylor, P.; Dams, R.; Desmet, B. The Analysis of Cobalt in High-Purity Nickel for Reactor Neutron

Dosimetry by Means of Ion-Exchange Combined with ICP-AES and Ion-Exchange Combined with

Gf-AAS. ANALYTICAL LETTERS PART A-CHEMICAL ANALYSIS; 1985; 18(19): 2477-2487.

Note: Article.

Taylor, P.; Dams, R.; Hoste, J. The Determination of Cadmium, Chromium, Cn,;er, Nickel and Zinc

in City Waste Incinerator Ash Using Inductively Coupled Plasma - Atomic Emission-Spectrometry.

ANALYTICAL Lh i t aRS PART A-CHEMICAL ANALYSIS; 1985; 18(19): 2361-2368.

Note: Article.

Teixeira, M.; Berlier, Y.; Fauque, G.; Legall, J.; Lespinat, P.A.; Moura, I.; Moura, J.J.G.; Peck,

H.D.; Prickril, B.; Xavier, A.V. Nickel-(Iron-Sulfur)-Selenium-Containing Hydrogenases from

Desulfovibrio-Baculatus (DSM-1743) - Redox Centers and Catalytic Properties. EUROPEAN JOURNAL

OF BIOCHEMISTRY; 1987; 167(1): 47-58.

Note: Article.

Teixeira, M.; Berlier, Y.; Czechowski, M.; Fauque, G.; Legall, J.; Lespinat, P.A.; Moura, I.; Moura,

J.J.G.; Xavier, A.V. Redox Properties and Activity Studies on a Nickel-Containing Hydrogenase Isolated

from a Halophilic Sulfate Reducer Desulfovibrio-Salexigens. BIOCHIMIE; 1986," 68(1): 75-84.

119



Note: Article.

Telewiak, R.G. State of the International Nickel Industry - A Canadian Perspective. JOURNAL OF
METALS; 1987; 39(10): A8-A8.
Note: Meeting-Abstract.

Temesvari, E.; Racz, I. Nickel Sensitivity from Dental Prosthesis. CONTACT DERMA'ITTIS; 1988;
18(1): 50-51.
Note: Note.

Templeton, D.M.; Sarkar, B. Nickel Binding to the C-Ter l»& Tryptic Fragment of a Peptide from
Human-Kidney. BIOCHIMICA ET BIOPHYSICA ACTA; 1986; 884(2): 383-386.
Note: Note.

Teo, W.B.; Hirokawa, K. Depth Analysis of Electrodeposited Iron-Nickel and Copper-Zinc Alloy
Coatings by Glow-Discharge Emission-Spectroscopy. SURFACE AND IVKRFACE ANALYSIS; 1988;
11(10): 533-538.
Note: Article.

Terlesky, K.C.; Ferry, J.G.; Nelson, M.J.K. Isolation of an Enzyme Complex with Carbon-Monoxide
Dehydrogenase-Activity Containing Corrinoid and Nickel from Acetate-Grown
Methanosarcina-Thermophila. JOURNAL OF BACTERIOLOGY; 1986; 168(3): 1053-1058.
Note: Article.

Terreros, D.A.; Ashwood, E.R.; Knight, J.A. Nickel Inhibition of the Osmotic-Sensitive Ionic Cellular
Channels. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1988; 18(6): ".".". "50.
Note: Article.

Terreros, D.A.; Knight, J.A.; Ashwood, E.R. Nickel Inhibition of Osmoregulation of Renal Proximal
Tubular Cells in Hypotonic Media. ANNALS OF CLINICAL AND LABORATORY SCIENCE; 1988;
18(5): 418-418.
Note: Meeting-Abstract.

Terreros, D.A.; Knight, J.A.; Ashwood, E.R. Nickel Induced-Inhibition of Cell-Volume Regulation.
KIDNEY INTERNATIONAL; 1989; 35(1): 419%19.
Note: Meeting-Abstract.

Theisen, M.O.; Blincoe, C. Isolation and Partial Characterization of Nickel-Complexes in Higher-Plants.
BIOLOGICAL TRACE ELEMENT RESEARCH; 1988; 16(3): 239-251.
Note: Article.

Thompson, B.R.; Douglass, S.E.; Bregant, T.M.; Zoellner, R.W. Nickel Vapor Reactions with
Trimethylamine. ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1989;
197(APR): 80-.
Note: Meeting-Abstract.

Thompson, H.W.; Jezorek, J.R. Single-Injection Liquid-Chromatographic Separation of a Mixture of
Transition-Metals, Neutral Organics, and Inorganic Anions on a Bonded 8-Quinolinol Stationary Phase.

120



ANALYTICAL CHEMISTRY; 1991; 63(1): 75-78.
Note: Letter.

Thomsen, K.N.; Kryger, L.; Baldwin, R.P. Voltammetric Determination of Traces of ¹ickel(II) with a
Medium Exchange Flow System and a Chemically Modified Carbon Paste. ANALYTICAL
CHEMISTRY; 1988; 60(2): 151-155.

Thomson, A.W.; Aldridge, R.D.; Sewell, H.F. Topical Cyclosporin in Alopecia-Areata and Nickel
Contact-Dermatitis. LANCET; 1986; 2(8513): 971-972.
Note: Letter.

Thunus, L.; Lejeune, R. Determination of Zn, Cu, Ni and Co by vol~retry in plasma, without
mineralization. ANALYTICAL Li=t ieRS; 1990; 23(5): 901-921.

Ting, S.T.; Wang, K.P. Theoretical-Study of Magnetism in Iron, Cobalt, and Nickel. PHYSICAL
REVIEW B-CONDENSED MATTER; 1990; 41(12): 8170-8174.
Note: Article.

Tison, R.P.; Mikhail, Y.M. Transport Depletion for Nickel Recovery. JOURNAL OF MEMBRANE
SCIENCE; 1989; 45(1-2): 65-72.
Note: Article.

Tiwari, V.N.; Lehri, L.K.; Pathak, A.N. Response to Differently Amended Wool-Waste Composts on
Yield and Uptake of Nutrients by Crops. BIOLOGICAL WASTES; 1989; 28(4): 313-318.

Tkeshelashvili, L.K.; Tsakadze, K.J.; Khulusauri, O.V. Effect of Some Nickel Compounds on Red
Blood-Cell Characteristics. BIOLOGICAL TRACE ELEMENT RESEARCH; 1989; 21(JUL-): 337-342.
Note: Article.

Todd, B. Nickel-Containing Materials in Marine and Related Industries. CIM BULLETIN; 1986;
79(890): 84-84.
Note: Meeting-Abstract.

Todd, B. Opportunities for Nickel in the Oil and Gas Market .3. Offshore Drilling. CIM BULLETIN;
1986; 79(890): 84-84.
Note: Meeting-Abstract.

Todd, D.J.; Stanford, C.F.; Burrows, D. Atopy in Subjects with a History of Nickel Allergy But
Negative Patch Tests. CONTACT DERMATITIS; 1989; 21(3): 129-133.
Note: Article.

Todd, M.J.; Hausinger, R.P. Competitive Inhibitors of Klebsiella-Aerogenes Urease - Mechanisms of
Interaction with the Nickel Active-Site. JOURNAL OF BIOLOGICAL CHEMISTRY; 1989; 264(27):
5835-5842.
Note: Article.

Todd, M.J.; Hausinger, R.P. Purification and Characterization of the Nickel-Containing Multicomponent
Urease from Klebsiella-Aerogenes. JOURNAL OF BIOLOGICAL CHEMISTRY; 1987; 262(13):

121



5963-5967.
Note: Article.

Toei, J.I. High-Performance Liquid-Chromatography Using a Color-Forming Agent As a Component of
the Mobile Phase - Separation and Determi»&ion of Nickel and Zinc with Xylenol Orange.
CHROMATOGRAPHIA; 1987; 23(5): 355-360.
Note: Article.

Tomokuni, K.; Ichiba, M. Interaction Between Nickel and Lead in Relation to Porphyria Metabolism in
Mice. INDUSTIUAL HEALTH; 1990; 28(3): 145-149.
Note: Letter.

Tong, S.T.Y.; Farrell, P.M. The Concentration Profile of Heavy-Metals in an Urban Forest.
ENVIRONMENTAL TECHNOLOGY; 1991; 12(1): 79-&5.
Note: Article.

Tordiffe, E.A.W.; Vanderwesthuizen, W.A.; Vertnaak, J.J.; Beukes, G.J. The Jacomynspan
Copper-Nickel Prospect - A Study of Secondary Dispersion in the Calcretes of the Northern CapeProvince, South-Africa. JOURNAL OF GEOCHEMICAL EXPLORATION; 1989; 34(1): 31&5.
Note: Article.

Tosti, A.; Labanca, M.; Melino, M.; Ragazzi, R. Immediate Hypersensitivity to Nickel. CONTACT
DERMATITIS; 1986; 15(2): 95-95.
Note: Note.

Tracey, V.A. Me More Exotic Uses of Nickel Powders. POWDER METALLURGY; 1988; 31(4):253-255.
Note: Article.

Tredoux, M.; Sellschop, J.P.F.; Lindsay, N.M.; Hart, R.J.; Dewit, M.J.; Armstrong, R.A. Platinum
Group Elements in a 3.5 Ga Nickel-Iron Occurrence - Possible Evidence of a Deep Mantle Origin.JOURNAL OF GEOPHYSICAL RESEARCH-SOLID EARTH AND PLANETS; 1989; 94(NB1):795-813.
Note: Article.

Tremel, W.; Henkel, G.; Krebs, B.; Kriege, M. Nickel 'Inviolate Chemistry Based on Chelating Ligands- Controlling the Course of Self-Assembly Reactions via Ligand Bite Distances - Synthesis, Structures,
and Properties of the Homoleptic Complexes (Ni3(Sch2C6H4Ch2S)4)2-, (Ni3(Sch2Ch2S)4)2-, and
(Ni6(Sch2Ch2Ch2S)7)2-. INORGANIC CHEMISTRY; 1988; 27(22): 3886-3895.
Note: Article.

Troepolskaya, T.V.; Ermolaeva, L.V.; Morozov, V.I.; Stetsenko, A.I.; Vagina, G.A. Investigation ofthe Structure of Nickel-Complexes with Alpha-Hydroxylamine Oximes by Electrochemical Methods and
Electron-Paramagnetic-RES. BULLETIN OF THE ACADEMY OF SCIENCES OF THE USSRDIVISION OF CHEMICAL SCIENCE; 1987; 36(3): 504-508.
Note: Article.

Trojanowicz, M.; Matuszewski, W. Potentiometric Stripping Determination of Nickel at a



Dimethylglyoxime-Con~ining Graphite Paste Electrode. TALANTA; 19&9; 36(6): 680-682.
Note: Article.

Troupel, M. Electrochemistry of Nickel Compounds and Their Applications in Electrocatalysed
Organic-Synthesis. ANNALI DI CHIMICA; 1986; 76(54): 151-169.
Note Article.

Tsoukali-Papadopoulou, H., Kaniou-Gregoriades, I., Epivatianos, P.; Stratis, J.A. Heavy metals in
marine organisms of Geras Gulf, Lesvos, Greece. J ENVIRON SCI HEALTH, PART A; 1989; A24(1):
3947.

Tsukada, T.; Saitoh, K.; Suzuki, N. Molecular Exclusion Chromatography in Studies of the
Vanadium-Containing and Nickel-Containing Species in Residual Oil. ANALYTICA CHIMICA ACTA;
1986; 183(MAY): 97-104.
Note: Article.

Turker, A.R.; Simsek, O. Determination of Nickel in Asphaltite Ash by Ultraviolet Visible
Spectrophotometry and Direct-Current Arc Emission Spectrography. ANALYST; 1987; 112(7):
1003-1005.
Note: Article.

Turnquist, T.D.; Urig, B.M.; Hardy, J.K. Nickel Uptake by the Water Hyacinth. JOURNAL OF
ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1990; 25(8): 897-912.
Note: Article.

Tveito, G.; Hansteen, I.L.; Haugen, A.; Dalen, H. Immortalization of Normal Human-Kidney
Epithelial-Cells by Nickel (II). CANCER RESEARCH; 1989; 49(7): 1829-1835.

Tweedy, H.E.; Alcock, N.W.; Matsumoto, N.; Padolik, P.A.; Stephenson, N.A.; Busch, D.H. Lacunar
Cyclidene Complexes of Nickel (II) and Cobalt(II) Containing a Misoriented Pendant Base - Synthesis
and Characterization of a New T-Form Hemoglobin Model. INORGANIC CHEMISTRY; 1990; 29(4):
616Ei26.

Tyagi, R.D.; Couillard, D.; Tran, F.T. Studies on Microbial Leaching of Heavy-Metals from Municipal
Sludge. WATER SCIENCE AND TECHNOLOGY; 1990; 22(12): 229-238.
Note: Article.

Tyler, G. Uptake, retention and toxicity of heavy metals in lichens. WATER, AIR AND SOIL
POLLUTION; 1989; 47: 321-333.

Tyler, G., Pahlsson, A.M.B., Bengtsson, G., Baath, E.; Tranvik, L. Heavy-metal ecology of terrestrial
plants, microorganisms and invertebrates. WATER, AIR AND SOIL POLLUTION; 1989; 47: 189-215.

Ueda, J.; Fukazawa, Y.; Koizumi, Y. Spectrophotometric Determination of Nickel with Sarcosinexylenol
Blue. BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN; 1986; 59(3): 941-942.
Note: Note.

123



Ukhun, M.E., Nwazota, J.; Nkwocha, F.O. Levels of Toxic Mineral Elements in Selected FoodsMarketed in Nigeria. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY;1990; 44: 325-330.

Ulberg, Z.R.; Marochko, L.G.; Polishchuk, T.A.; Pertsov, N.V. Selective Sorption of Metals byMetallophilic Microorganisms from Mixed Electrolyte-Solutions. COLLOID JOURNAL OF THE USSR;1990; 52(3): 459M1.
Note: Article.

Ulrich, L.; Sulcova, M.; Spacek, L.; Neumanova, E.; Vladar, M. Investigation of Professional NickelExposure in Nickel Refinery Workers. SCIENCE OF THE TOTAL ENVIRONMENT; 1991; 101(1-2):91-96.
Note: Article.

Urbanska, J.; Delannoy, A.; Hennion, J.; Kozlowski, H. Polarographic Studies on the Complexation ofCobalt(II), Nickel (II) and Copper(II) with D-Glucosamine and D-Galactosamine. ANALYTICACHIMICA ACTA; 1988; 207(1-2): 85-94.

Urbanska, J.; Kozlowski, H. Polarographic Studies of Copper(II), Nickel(II) and Cobalt(II) Complexeswith D-Mannosamine. JOURNAL OF COORDINATION CHEMISTRY; 1990; 21(2): 175-182.

Valsecchi, R. Contact Urticaria from Nickel. CONTACT DERMATITIS; 1987; 17(3): 187-187.Note: Note.

Van Staden, J.F. Flow-injection analysis of substances in water. Part 2. Cations. A critical review.WATER SA; 1989; 15(3): 153-168.

Vanberkel, G.J.; Filby, R.H.; Quirke, J.M.E. The Henryville Bed of the New Albany Shale .2.Comparison of the Nickel and Vanadyl Porphyrins in the Bitumen with Those Generated from theKerogen During Simulated Catagenesis. ORGANIC GEOCHEMISTRY; 1989; 14(2): 129-144.Note: Article.

Vanberkel, G.J.; Quirke, J.M.E.; Filby, R.H. The Henryville Bed of the New Albany Shale .1.Preliminary Characterization of the Nickel and Vandyl Porphyrins in the Bitumen. ORGANICGEOCHEMISTRY; 1989; 14(2): 119-128.
Note: Article.

Vandenavyle, M.J.; Brumbaugh, W.G.; Blazer, V.S.; Garvick, S.J.; Hamilton, S.J. Skeletal Deformitiesin Smallmouth Bass, Microperus-Dolomieui, Rom Southern Appalachian Reservoirs. ARCHIVES OFENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1989; 18(5): 688496.
Vandenberg, C.M.G. Adsorptive Cathodic Stripping Voltammetry of Trace Elements in Sea Water.ANALYST; 1989; 114: 1527-1530.

Vandenberg, C.M.G.; Nimmo, M. Determination of Interactions of Nickel with Dissolved OrganicMaterial in Seawater Using Cathodic Stripping Voltammetry. SCIENCE OF THE TOTALENVIRONMENT; 1987; 60(FEB): 185-195.
Note: Article.

124



Vanderburg, C.K.H.; Bruynzeel, D.P.; Scheper, R.J.; Vonblomberg, B.M.E.; Vreeburg, K.J.J. Hand
Eczema in Hairdressers and Nurses - A Prospective-Study .1. Evaluation of Atopy and Nickel
Hypersensitivity at the Start of Apprenticeship. CONTACT DERMATITIS; 1986; 14(5): 275-279.
Note: Article.

Vandermerwe, C.G.; Schoonbee, H.J.; Pretorius, J. Observations on Concentrations of the Heavy-Metals
Zinc, Manganese, Nickel and Iron in the Water, in the Sediments and in 2 Aquatic Macrophytes,
Typha-Capensis (Rohrb) Ne Br and Arundo-Donax L of a Stream AR'ected by Goldmine and Industrial
ENuents. WATER SA; 1990; 16(2): 119-124.
Note: Article.

Vanderwal, J.F. Exposure of Welders to Fumes and Gases in Dutch Industries - Summary of Results.
ANNALS OF OCCUPATIONAL HYGIENE; 1990; 34(1): 45-54.

Vanderwal, J.F. Further-Studies on the Exposure of Welders to Fumes, Chromium, Nickel and Gases
in Dutch Industries - Plasma Welding and Cutting of Stainless-Steel. ANNALS OF OCCUPATIONAL
HYGIENE; 1986; 30(2): 153-161.
Note: Article.

Vanderzwaan, J.W.; Albracht, S.P.J.; Fontijn, R.D.; Roelofs, Y.B.M. Electron-Paramagnetic-RES
Evidence for Direct Interaction of Carbon-Monoxide with Nickel in Hydrogenase Rom
Chromatium-Vinosum. BIOCHIMICA ET BIOPHYSICA ACTA; 1986; 872(3): 208-215.
Note: Article.

Vanderzwaan, J.W.; Albracht, S.P.J.; Fontijn, R.D. On the Active-Site of Nickel Hydrogenases.
RECUEIL DES TRAVAUX CHIMIQUES DES PAYS-BAS-JOURNAL OF THE ROYAL
NETHERLANDS CHEMICAL SOCIETY; 1987; 106(6-7): 420-421.
Note: Meeting-Abstract.

Vanderzwaan, J.W.; Albracht, S.P.J.; Fontijn, R.D.; Mul, P. On the Anomalous Temperature Behavior
of the Electron-Paramagnetic-RES Signal of Mono-Valent Nickel in Hydrogenase. EUROPEAN
JOURNAL OF BIOCHEMISTRY; 1987; 169(2): 377-384.
Note: Article.

Vanfrankenhuyzen, K.; Geen, G.H. Effects of Low pH and .'.;el on Growth and Survival of the
Shredding Caddisfly Clistoronia-Magnifica (Limnephilidac„. CANADIAN JOURNAL OF
ZOOLOGY-JOURNAL CANADIEN DE ZOOLOGIE; 1987; 65(7): 1729-1732.
Note: Article.

Vanhoe, H.; Vandecasteele, C.; Versieck, J., and Dams, R. Determination of Trace-Elements in a
Human Serum Reference Material by Inductively Coupled Plasma Mass-Spectromewtry.
MIKROCHIMICA ACTA; 1989; 3(34): 373-379.

Vanjoost, T.; Roesyantomahadi, I.D. Combined Sensitization to Palladium and Nickel. CONTACT
DERMATITIS; 1990; 22(4): 227-228.
Note: Note.

Vanjoost, T.; Stolz, E.; Naafs, B.; Habets, J.M.W. The Meaning of Positive Patch Tests to



Copper-Sulfate in Nickel Allergy. CONTACT DERMATITIS; 1988; 18(2): 101-102.Note: Note.

Vanketel, W.G.; Bruynzeel, D.P. Allergic Contact-Dermatitis from Nickel in Eye-Shadow. CONTACTDERMATITIS; 1989; 21(5): 355-355.
Note: Letter.

Vanloo, B.; Strijckmans, K.; Dams, R. Det~i»&ion of Nickel in Copper by ProtonActivation-Analysis. JOURNAL OF RADIOANALYTICAL AND NUCLEARCHEMISTRY-ARTICLES; 1989; 129(1): 85-91.
Note: Article.

Vanloon, L.A.J.; Krieg, S.R.; Davidson, C.L.; Bos, J.D.; Tenharkelhagenaar, H.C.; Vanelsas, P.W.Lymphocyte-T and Langerhans Cell Distribution in Normal and Allergically Induced Oral-Mucosa inContact with Nickel-Containing Dental Alloys. JOURNAL OF ORAL PATHOLOGY; 1988; 17(3):129-137.
Note: Article.

Vanpeteghem, J.K. The Determination of Nickel in Ferronickel by X-Ray-Fluorescence SpectroscopyUsing the Computer-Program Nrlxrf. CANADIAN JOURNAL OF SPECTROSCOPY; 1985; 30(5):109-114.
Note: Article.

Varma, A.K.; Sensiuss, C.; Schlegel, H.G. Inhibitor Effects on the Accumulation and Eftlux of NickelIons in Plasmid Pmol28-Harboring Strains ofAlcaligenes-Eutrophus. ARCHIVES OF MICROBIOLOGY;1990; 154(1): 42%9.
Note: Article.

Varnavas, S.P.; Papatheodorou, G. Marine Mineral-Resources in the Eastern Mediterranean-Sea .1. AnIron, Titanium, Chromium, and Nickel Deposit in the Gulf of Corinth, Greece. MARINE MINING;1987; 6(1): 37-70.
Note: Article.

Vasu, K.I.; Muralidharan, V.S.; Ramakrishnan, M.; Kalaignan, G.P.; Jayalakshmi, N.Performance-Characteristics of Electrochemically Impregnated Nickel-Oxide Electrodes for AlkalineBatteries. JOURNAL OF POWER SOURCES; 1989; 28(4): 409&16.Note: Article.

Vaughan, N.P.; Milligan, B.D.; Ogden, T.L. Filter Weighing Reproducibility and the GravimetricDetection Limit. ANNALS OF OCCUPATIONAL HYGIENE; 1989; 33(3): 331-337.

Veien, N.K. Low Nickel Diet. CONTACT DERMATITIS; 1990; 22(5): 310-310.Note: Letter.

Veien, N.K.; Andersen, M.R. Nickel in Danish Food. ACTA DERMATO-VENEREOLOGICA; 1986;66(6): 502-509.
Note: Article.

126



Veien, N.K.; Hattel, T.; Justesen, O.; Norholm, A. Oral Challenge with Nickel and Cobalt in Patients
with Positive Patch Tests to Nickel and or Cobalt. ACTA DERMATO-VENEREOLOGICA; 1987; 67(4):
321-325.
Note: Article.

Veien, N.K.; Hattel, T.; Justesen, O.; Norholm, A. Why Do Young Girls Become Nickel Sensitive.
CONTACT DERMATITIS; 1986; 15(5): 306-307.
Note: Note.

Vernemismer, J.; Ocampo, R.; Callot, H.J.; Bauder, C.; Albrecht, P. Nickel, Copper and Vanadyl
Porphyrins from Moroccan Oil Shales - Composition, Novel Structures, Biological Precursors.
ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY; 1989; 197(APR): 89-.
Note: Meeting-Abstract.

Verriopoulos, G.; Dimas, S. Combined Toxicity of Copper, Cadmium, Zinc, Lead, Nickel, and Chrome
to the Copepod Tisbe-Holothuriae. BULLETIN OF ENVIRONMENTAL CONTAMINATION AND
TOXICOLOGY; 1988; 41(3): 378-384.
Note: Article.

Verta, M. History of heavy metal pollution in Finland as recorded by lake sediments. SCIENCE OF THE
TOTAL ENVIRONMENT; 1989; 87/88: 1-18.

Vian, A.; Mirada, F.J.; Rodriguez, J.J. Copper (2+), Zinc (2+), and Nickel (2+) Uptake by
Activated-Sludge. SEPARATION SCIENCE AND TECHNOLOGY; 1985; 20(7-8): 587-597.
Note: Article.

Vickackaite, V.I.; Kazlauskas, R.M.; Petrukhin, O.M.; Abrutis, A.A. Plasticized Ion-Selective Electrode
for the Determination of Nickel in Cyanide Solutions. JOURNAL OF ANALYTICAL CHEMISTRY OF
THE USSR; 1987; 42(12): 1758-1761.
Note: Article.

Victor, A.H. Accurate Determination of Nickel in South-African Primary and Secondary Geochemical
Reference Materials by Cation-Exchange Chromatography and Atomic-Absorption Spectrometry.
GEOSTANDARDS NEWSY t I eR; 1987; 11(2): 187-192.
Note: Article.

Victor, A.H. Separation of Nickel from Other Elements by Cation-Exchange Chromatography in
Dimethylglyoxime/Hydrochloric Acid Acetone Media. ANALYTICA CHIMICA ACTA; 1986;
183(MAY): 155-161.
Note: Article.

Viktorov, V.V.; Gladkov, V.E.; Fotiev, A.A. Magnetic-Properties of NiO Prepared by Thermolysis of
Nickel Carbonate. INORGANIC MATERIALS; 1987; 23(5): 723-726.
Note: Article.

Vinzents, P. Personal sampling ot total and inspirable dust. JOURNAL OF AEROSOL SCIENCE; 1988;
19(7): 1437-1439.

127



Vire, J.C.; Kauffmann, J.M.; Patriarche, G.J. Adsorptive Stripping Voltammetry Applied to Drug
Analysis - A Powerf'ul Tool. JOURNAL OF PHARMACEUTICAL AND BIOMEDICAL ANALYSIS;
1989; 7(12): 1323-1335.

Viziorosz, A.; Marko, L. Reaction of Nickel(II) Xanthates with Amines and Carbon-Monoxide-
Formation of Thiourethanes and Nickel Tetracarbonyl. 'IRANSITION METAL CHEMISTRY; 1986;
11(11): 408-410.
Note: Article.

Voisey, R.; Spencer, R.J. From Nickel to Gold. CIM BULIZTTN; 1990; 83(943): 90-96.
Note: Article.

Vonblombergvanderflier, M.; Bruynzeel, D.P.; Garotta, G.; Pos, O.; Scheper, R3.; Vandeplasscheboers,
E.M.; Vanderburg, C.K.H. Invitro Studies in Nickel Allergy - Diagnostic-Value of a Dual Parameter
Analysis. JOURNAL OF INVESTIGATIVE DERMATOLOGY; 1987; 88(4): 362-368.
Note: Article.

Vos, G.; Hagel, P.; Hovens, J.P.C. Chromium, Nickel, Copper, Zinc, Arsenic, Selenium, Cadmium,
Mercury and Lead in Dutch Fishery Products 1977-1984. SCIENCE OF THE TOTAL ENVIRONMENT;
1986; 52(1-2): 25M.
Note: Article.

Voutsinoutaliadouri, F.; Varnavas, S.P. Marine Mineral-Resources in the Eastern Mediterranean-Sea .2.
An Iron, Chromium and Nickel Deposit in the Northern Euboikos Bay, Greece. MARINE MINING;
1987; 6(3): 259-290.
Note: Article.

Wackett, L.P.; Hartwieg, E.A.; King, J.A.; Ormejohnson, W.H.; Walsh, C.T. Electron-Microscopy of
Nickel-Containing Methanogenic Enzymes - Methyl Reductase and F420-Reducing Hydrogenase.
JOURNAL OF BACTERIOLOGY; 1987; 169(2): 718-727.
Note: Article.

Wada, K.; Hizume, S.; Kojima, K.; Matsushita, T. Determination of Trace Amount of Cadmium,
Copper, Nickel and Lead in Water by Coprecipitation Solvent Sublation. BUNSEKI KAGAKU; 1988;
37(8): 405%10.
Note: Article.

Wagstaffe, P.J. Errors in Analytical Methods - Use of Intercomparisons to Locate Sources of Error and
to Improve Accuracy in Food Analysis. ANALUSIS; 1989; 17(8): 455%59.

Wallace, A. Effect of Liming on Trace-Element Interactions in Plants. SOIL SCIENCE; 1989; 147(6):
416-421.
Note: Article.

Wallace, A. Mineral composition for nineteen elements in young corn (Zea mays) plants grown in an acid
soil with various treatments to overcome infertility of acid soils. SOIL SCIENCE; 1989; 147(6): 451-453.
Note: Article.

128



Wallace, A.; Abou-Zamzam, A.M. Low levels, but excesses, of five different trace elements, singly and

in combination, on interactions in bush beans grown in solution culture. SOIL SCIENCE; 1989; 147(6):

439-441.
Note: Article.

Wallace, A.; Berry, W.L. Cobalt Interactions with Zinc, Cadmium, and Nickel in Lettuce Seedling Tests.

SOIL SCIENCE; 1989; 147(6): 411-412.

Note: Article.

Wallace, A.; Berry, W.L. Dose-Response Curves for Zinc, Cadmium, and Nickel in Combinations of

One, 2, or 3. SOIL SCIENCE; 1989; 147(6): 401-410.

Note: Article.

Walsh, C.T.; Ormejohnson, W.H. Nickel Enzymes. BIOCHEMISTRY; 1987; 26(16): 4901-4906.

Note: Article.

Walther, D.; Pfutzenreuter, C. Sonochemistry with Organometallics of Transition-Metals - A Simple

Pathway to 2,2'-Bipyridine Substituted Zerovalent Nickel Organocompounds and Nickel(II)

Organocompounds. ZEITSCHRIFT FUR CHEMIE; 1989; 29(4): 146-147.

Note: Article.

Walton, S.; Keczkes, K. HLA Antigens in Nickel-Sensitive Contact-Dermatitis Patients. BRITISH

JOURNAL OF DERMATOLOGY; 1987; 117(3): 402M2.
Note: Letter.

Walton, S.; Keczkes, K. HLA Antigens in Nickel-Sensitive Contact-Dermatitis Patients. BRITISH

JOURNAL OF DERMATOLOGY; 1987; 116(4): 607408.
Note: Letter.

Walton, S.; Keczkes, K.; Learoyd, P.A.; Rajah, S.M. HLA-A, HLA-B and HLA-Dr Antigens in Nickel

Sensitive Females. CLINICAL AND EXPERIMENTAL DERMATOLOGY; 1986; 11(6): 636-640.

Note: Article.

Wang, J. ', Z.L. Ion-Exchange Voltammetry at Poly(Ester-Sulfonic Acid) Film Coated Electrodes for

Trace A .lysis. JOURNAL OF ELECTROANALYTICAL CHEMISTRY AND INTERFACIAL

ELECTRuCHEMISTRY; 1989; 266(2): 287-296.

Wang, J.; Mahmoud, J.; Zadeii, J. Simultaneous Measurements of Trace-Metals by Adsorptive Stripping

Voltammetry. ELECTROANALYSIS; 1989; 1(3): 229-234.

Wang, W.C. Toxicity of Nickel to Common Duckweed (Lemna-Minor). ENVIRONMENTAL

TOXICOLOGY AND CHEMISTRY; 1987; 6(12): 961-967.

Note: Article.

Wang, W. Toxicity of nickel to common duckweed (Lemna Minor). ENVIRONMENTAL

TOXICOLOGY AND CHEMISTRY; 1988; 6: 961-967.

Wang, X.W.; Costa, M.; Imbra, R.J. Characterization of Mouse-Cell Lines Resistant to Nickel(II) Ions,

129



CANCER RESEARCH; 1988; 48(23): 6850-6854.

Warner, R.D.; Blakeslee, J.R.; Dora, C.R.; Angrick, E3.; Gordon, J.C.; Gerken, D.F. Zinc Effects

on Nickel Dermatitis in the Guinea-Pig. CONTACT DERMATTHS; 1988; 19(2): 98-108.

Note: Article.

Warwick, W.F. Morphological deformities in Chironomidae (Diptera) larvae from the Lac St. Louis and

Laprairie basins of the St. Lawrence River. JOURNAL OF GREAT LAIRS RESEARCH; 1990; 16(2):

185-208.

Watanabe, C.; Weiss, B.; Cox, C.; Ziriax, J. Modification by Nickel of Instrumental Thermoregulatory

Behavior in Rats. FUNDAMENTAL AND APPLIED TOXICOLOGY; 1990; 14(3): 57&-58&.

Note: Article.

Waugh, R.; Boxer, D.H. Pleiotropic Hydrogenase Mutants of Escherichia~li-K12 - Growth in the

Presence of Nickel Can Restore Hydrogenase Activity. BIOCHIMIE; 1986; 68(1): 157-166.

Note: Article.

Webster, M. The Global Nickel Outlook - Problems and Opportunities for the Canadian Producer. CIM

BULLETIN; 1986; 79(887): 72-72.
Note: Meeting-Abstract.

Weir, D.R.; Kerfoot, D.G.E. The Hydro Electro Metallurgy of Nickel and Cobalt. JOURNAL OF

METALS; 1987; 39(10): A52-A52.
Note: Meeting-Abstract.

Weislow, O.S.; Kasprzak, K.S. Magnesium Counteracts Nickel-Induced Suppression of Lymphocyte-T

Response to Concanavalin-A. MAGNESIUM; 1987; 6(3): 164-164.

Note: Meeting-Abstract.

Welch, J.E.; Lund, L3. Soil Properties, Irrigation Water-Quality, and Soil-Moisture Level Influences

on the Movement o'f Nickel in Sewage Sludge-Treated Soils. JOURNAL OF ENVIRONMENTAL

QUALITY; 1987; 16(4): 403%10.
Note: Article.

Welch, S.; Lyon, W.B.; Kling, C.A. A Coprecipitation.Technique for Determining Trace-Metal

Concentrations in Iron-Rich Saline Solutions. ENVIRONMENTAL TECHNOLOGY; 1990; 11(2):

141-144.

Wells, M.C.; Magaritz, M.; Amiel, A3.; Rophe, B.; Ronen, D. Determination of Insitu Metal

Partitioning Between Particulate Matter and Groundwater. NATURWISSENSCHAFTEN; 1989; 76(12):

568-570.
Note: Note.

Wenschuh, E.; Zimmering, R. Sulf'ur-Dioxide As Ligand and Synthon .6. Insertion of SO2 into

Nickel-Element-Bonds. ZEITSCHRIFT FUR CHEMIE; 1988; 28(5): 190-190.

Note: Note.

130



Westerlund, S.F.G.; Anderson, L.G.; Hall, P.O.J.; Iverfeldt, A.; Sundby, B.; Vanderloeff, M.M.R.

Benthic Fluxes of Cadmium, Copper, Nickel, Zinc and Lead in the Coastal Environment. GEOCHIMICA

ET COSMOCHIMICA ACTA; 1986; 50(6): 1289-1296.

Note: Article.

White, M.A.; Boran, A.M. Direct Determination of Nickel in Urine by Graphite-Furnace

Atomic-Absorption Spectrometry. ATOMIC SPECTROSCOPY; 1989; 10(5): 141-143.

White, S.I.; Friedman, P.S.; Stratton, A. HLA Antigens in Nickel-Sensitive Contact-Dermatitis Patients
- Reply. BRITISH JOURNAL OF DERMATOLOGY; 1987; 116(4): 608408.
Note: Letter.

Whitman, D.A.; Ruzicka, J.; Christian, G.D. Novel Use of Doublet Peaks in Flow-Injection Analysis
- Simultaneous Spectrophotometric Determination of Nickel(II) and Iron(11). ANALYTICA CHIMICA

ACTA; 1988; 214(1-2): 197-205.

Whitman, D.A.; Ruzicka, J.; Christian, G.D. Spectrophotometric Determination of Nickel(II), Iron(II),

Boric-Acid and Chloride in Plating Baths by Flow-Injection Analysis. ANALYST; 1988; 113(12):

1821-1826.

Wickstrom, T.; Bye, R.; Lund, W. The Masking Effect of Iron(III) on the Interference from Nickel and

Copper in the Determination of Tellurium by Hydride Generation Atomic-Absorption Spectrometry.

ANALYTICA CHIMICA ACTA; 1988; 208(1-2): 347-350.

Note: Note.

Widstrom, L.; Bergstrom, B.; Wennerholm, C. Nickel Allergy and Wrist Strap to Dissipate Static

Electricity. CONTACT DERMATITIS; 1986; 15(5): 299-301.

Note: Note.

Wiech, G.; Zahorowski, W. Depth Distribution of Characteristic X-Rays of Nickel and Copper Excited

by Electron-Bombardment. JOURNAL DE PHYSIQUE; 1987; 48(NC-9): 935-938.

Note: Article.

Wiederholm, T.; Dave, G. Toxicity of metal polluted sediments to Daphnia magna and Tubifex tubifex.

HYDROBIOLOGIA; 1989; 176/177: 411-' 7.

Wijnands, M.J.H.; Perret, C.M.; Vandenhoogen, F.H.J.; Vandeputte, L.B.A.; Vanriel, P.L.C.M.

Chrysotherapy Provoking Exacerbation of Contact Hypersensitivity to Nickel. LANCET; 1990;

335(8693): 867-868.
Note: Letter.

Wilke, G. Contributions to Organo-Nickel Chemistry. ANGEWANDTE CHEMIE-INTERNATIONAL

EDITION IN ENGLISH; 1988; 27(1): 185-206.
Note: Article.

Willaert, G.; Verloo, M. Biological Effects of Nickel Species and Their Determination in Plant and Soil.

PLANT AND SOIL; 1988; 107(2): 285-292.
Note: Article.

131



Williams, C.M.; Shih, J.C.H.; Spears, J.W. Effect of Nickel on Biological Methane Generation from
a Laboratory Poultry Waste Digester. BIOTECHNOLOGY AND BIOENGINEERING; 1986; 28(11):
1608-1610.
Note: Article.

Williams, P.L.; Dusenbery, D.B. Aquatic toxicity testing using the nematode, Caenorhabditis elegans.
ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY; 1990; 9: 1285-1290.

Willis, G.M. Equilibrium Nickel Pyrometallurgy. CIM BULIZTIN; 1986; 79(890): 71-71.
Note: Meeting-Abstract.

Wilson, A.G.M.; Gould, D.J. Nickel Dermatitis horn a Dental Prosthesis Without Buccal Involvement.
CONTACT DERMATTHS; 1989; 21(1): 53-53.
Note: Note.

Wilson, B.L.; Etonyeaku, N.; Schwarzer, R.R. The Evaluation of Heavy-Metals (Chromium, Nickel,
and Cobalt) in the Aqueous Sediment Surrounding a Coal Burning Generating Plant. JOURNAL OF
ENVIRONMENTAL SCIENCE AND HEALTH PART A-ENVIRONMENTAL SCIENCE AND
ENGINEERING; 1986; 21(8): 791-808.
Note: Article.

Winger, P.V.; Schultz, D.P.; Johnson, W.W. Environmental Contaminant Concentrations in Biota from
the Lower Savannah River, Georgia and South~lina. ARCHIVES OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY; 1990; 19(1): 101-117.

Wiseman, L.G. No Nickel Carbonyl Detected When Welding Stainless-Steels or Nickel-Alloys.
WELDING JOURNAL; 1989; 68(5): S192-S197.
Note: Article.

Wnorowski, A.U. Selection of Bacterial and Fungal Strains for Bioaccumulation of Heavy-Metals from
Aqueous-Solutions. WATER SCIENCE AND TECHNOLOGY; 1991; 23(1-3): 309-318.
Note: Article.

Wolfe, D.W.; Bache, C.A.; Lisk, D.J. Analysis of dithiocarbamate and nickel residues in lettuce and

peppers grown in soil containing photodegradable plastic mulch. JOURNAL OF FOOD SAt'a t Y; 1990;
10(4): 281-287.

Wong, J.L.; Wu, T.G. Speciation of Airborne Nickel in Occupational Exposures. EMIRONMENTAL
SCIENCE 8c TECHNOLOGY; 1991; 25(2): 306-309.
Note: Article.

Wong, P.K.; Wong, C.K. Toxicity of Nickel and Nickel Electroplating Water to Chlorella-Pyrenoidosa.
BULLETIN OF ENVIRONMENTAL CONTAMINATION AND TOXICOLOGY; 1990; 45(5): 752-759.
Note: Article.

Wood, N.D.; Howe, R.A. The structure of the molten nickel halides. JOURNAL OF PHYSICS C:
SOLID STATE PHYSICS; 1988; 21: 3177-3190.

132



Woolery, G.L.; Huss, A.; Kirker, G.W.; Chester, A.W.; Chin, A.A. EXAFS and XANES Study of

Nickel and Vanadium in Fluid Catalytic Cracking Catalysts. ABSTRACTS OF PAPERS OF THE

AMERICAN CHEMICAL SOCIETY; 1988; 196(SEP): 26-.

Note: Meeting-Abstract.

Woolery, G.L.; Kirker, G.W.; Huss, A.; Chin, A.A.; Chester, A.W. EXAFS and XANES Study of
Nickel and Vanadium in Fluid Catalytic Cracking Catalysts. ABSTRACTS OF PAPERS OF THE

AMERICAN CHEMICAL SOCIETY; 1988; 196(SEP): 85-.

Note: Meeting-Abstract.

Wotton, D.L.; Jones, D.C.; Phillips, S.F. The Effect of Nickel and Copper Deposition Rom a Mining

and Smelting Complex on Coniferous Regeneration in the Boreal Forest of Northern Manitoba. WA'IKR

AIR AND SOIL POLLUTION; 1986; 31(1-2): 349-358.
Note: Article.

Wu, L.F.; Mandrandberthelot, M.A.; Waugh, R.; Edmonds, C.J.; Holt, S.E.; Boxer, D.H. Nickel

Deficiency Gives Rise to the Defective Hydrogenase Phenotype of Hyde and Fnr Mutants in

Escherichia-Coli. MOLECULAR MICROBIOLOGY; 1989; 3(12): 1709-1718.

Note: Article.

Wu, Y.T.; Johnson, D.R.; Luo, H.L. Effect of Nickel Sulfate on Cellular Proliferation and Epstein-Barr

Virus-Antigen Expression in Lymphoblastoid Cell-Lines. CANCER Lu t j=RS; 1986; 32(2): 171-179.

Note: Article.

Xu, Q.G.; Jiang, Y.T.; Shen, D.Z.; Yuan, C.Y. Extraction Chemistry of Cobalt and Nickel by
di(1-Methylheptyl)Phosphinic Acid. SOLVENT EXTRACTION AND ION EXCHANGE; 1986; 4(5):
927-947.
Note: Article.

Yamagaki, K.; Suzuki, T.; Yoshii, M.; Yamada, K.; Takahashi, T. Simultaneous Determination of
Cadmium, Lead, Copper, Zinc and Nickel in Water-Treatment Plant Sludges by Solvent-Extraction

ICP-AES. BUNSEKI KAGAKU; 1988; 37(11): T181-T186.
Note: Note.

Yamamoto, T.; Buch, H.M.; Binger, P. Nickel-Containing Cyclic Amide Complexes. INORGANIC

SYNTHESES; 1989; 26: 204-207.
Note: Article.

Yamamura, T. Oxidation Potentials of Nickel Thiolates, and Ni(III) Sites of Hydrogenases in H-2 Uptake

Bacteria. CHEMISTRY Let LES; 1986; (5): 801-804.

Note: Article.

Yan, C.; Tamm, I. Effects of Metals on the Binding of Protein Factors to the Mouse 2',5'-Oligoadenylate

Synthetase Me-12 Gene Regulatory Region. JOURNAL OF INTERFERON RESEARCH; 1991; 11(1):

25-31.
Note: Article.

Yang, H.C.; Drake, H.L.; Daniel, S.L.; Hsu, T. Nickel Transport by the Thermophilic Acetogen

133



Acetogenium-Kivui. APP&-TFD AND ENVIRONMENTAL MICROBIOLOGY; 1989; 55(5): 1078-1081.

Note: Article.

Yeats, P.A. The Distribution of Trace-Metals in Ocean Waters. SCIENCE OF THE TOTAL

ENVIRONMENT; 1988; 72(JUN): 131-149.

Yeats, P.A. Manganese, Nickel, Zinc and Cadmium Distributions at the Fram-3 and Cesar Ice Camps

in the Arctic Ocean. OCEANOLOGICA ACTA; 1988; 11(4): 383-388.
Note: Article.

Yetis, U.; Gokcay, C.F. Effect of Nickel(II) on Activated-Sludge. WATER RESEARCH; 1989; 23(8):

1003-1007.

Yoshioka, N.; Nishide, H.; Inagaki, K.; Tsuchida, E. Electrical Conductive and Magnetic-Properties of
Conjugated Tetrathiolate Nickel Polymers. POLYMER BULLETIN; 1990; 23(6): 631436.
Note: Article.

Yoshizuka, K.; Sakomoto, Y.; Baba, Y.; Inoue, K. Distribution Equilibria in the Adsorption of Cobalt(II)

and Nickel(11) on Levextrel Resin Con~»i'yanex 272. HYDROMETALLURGY; 1990; 23(2-3):

309-318.
Note: Abstract.

Zaki, M.T.M.; Mahmoud, W.H.; Elsayed, A.Y.; Elatrash, A.M. Determination of Iron in Aluminum

and Nickel Metals, Non-Ferrous Alloys, Feldspar and Portland-Cement Using Morin and Triton X-100.

ANALYST; 1988; 113(6): 937-940.
Note: Article.

Zaki, M.T.M.; Sedra, M.N.R.; Attiya, S.M. Spectrophotometric Determination of Nickel in Steels.

JOURNAL OF CHEMICAL TECHNOLOGY AND BIOTECHNOLOGY; 1989; 44(2): 155-162.

Note: Article.

Zanca, A.; Luciani, P.; Deagostini, F.; Chieregato, G.C.; Nigro, M. The Release of Nickel from
Blackboard Chalk May Cause Contact-Dermatitis. CONTACT DERMATITIS; 1988; 19(2): 143-143.

Note: Note.

Zatka, V.J. Verifying the Composition of Certain Commercial Nickel Compounds. REGULATORY
TOXICOLOGY AND PHARMACOLOGY; 1991; 13(1): 87-98.
Note: Article.

Zerwekh, J.E.; Nicar, M.J.; Shimizu, T.; Stith, W.J. The Effect of Pulsed Electromagnetic-Fields on
the Corrosion of a Chromium Cobalt Nickel-Alloy Orthopedic Implant. BIOMATERIALS; 1986; 7(4):
243-246.
Note: Article.

Zhang, C.J.; Park, S.M. The Anodic-Oxidation of Nickel in Alkaline Media Studied by
Spectroelectrochemical Techniques. JOURNAL OF THE ELECIROCHEMICAL SOCIETY; 1987;



134(12): 2966-2970.
Note: Article.

Zhang, C.J.; Park, S.M. Insitu Spectroelectrochemical Studies on the Anodic-Oxidation of
Nickel-Hydroxide in Alkaline Media. JOURNAL OF THE ELECTROCHEMICAL SOCIETY; 1989;

136(11): 3333-3342.
Note: Article.

Zhang, H.; Wollast, R.; Vire, J.C.; Patriarche, G.J. Simultaneous Determination of Cobalt and Nickel

in Sea-Water by Adsorptive Cathodic Stripping Square-Wave Voltammetry. ANALYST; 1989; 114(12):

1597-1602.
Note: Article.

Zhang, J.; Huang, W.W.; Wang, Q. Concentration and partitioning of particulate trace metals in the

Changjiang (Yangtze River). WATER, AIR AND SOIL POLLUTION; 1990; 52(1-2): 57-70.

Zhang, Q.; Barrett, J.C. Dose-Response Studies of Nickel-Induced Morphological Transformation of
Syrian-Hamster Embryo Fibroblasts. TOXICOLOGY IN VITRO; 1988; 2(4): 303-307.

Note: Article.

Zhong, B.Z., Li, Z.Q., Ma, G.Y.; Wang, B.S. Study on mutagenesis and carcinogenesis of productive

nickel dust. PROGRESS IN CLINICAL AND BIOLOGICAL RESEARCH, PART E; 1990; 340: 41&7.

Zhong, Z.J.; Troll, W.; Koenig, K.L.; Frenkel, K. Carcinogenic Sulfide Salts of Nickel and Cadmium

Induce H202 Formation by Human Polymorphonuclear Leukocytes. CANCER RESEARCH; 1990;

50(23): 7564-7570.
Note: Article.

Zia, S.; Alikhan, M.A. A Laboratory Study of the Copper and Nickel Uptake and Regulation in a

Copper-Tolerant Decapod, Cambarus-Bartoni (Fabricius) (Decapoda, Crustacea). ARCHIVES

INTERNATIONALES DE PHYSIOLOGIE ET DE BIOCHIMIE; 1989; 97(3): 211-219.

Note: Article.

Zielinski, S.; Foltynowicz, Z. Determination of Ni-3+ and No Occurring Simultaneously in Nickel(II)

Oxide. CHEMIA ANALITYCZNA; 1987; 32(5): 839-843.

Zimmer, M.; Crabtree, R.H. Bending of the Reduced Porphyrin of Factor F430 Can Accommodate a

Trigonal-Bipyramidal Geometry at Nickel - A Conformational-Analysis of This Nickel-Containing

Tetrapyrrole, in Relation to Archaebacterial Methanogenesis. JOURNAL OF THE AMERICAN

CHEMICAL SOCIETY; 1990; 112(3): 1062-1066.
Note: Article.

Zinchuk, V.K.; Maltseva, G.S.; Grishchuk, G.V. Photometric-Determination of Nickel with

Dimethylglyoxime Using Diperoxy Acids As Oxidants. JOURNAL OF ANALYTICAL CHEMISTRY

OF THE USSR; 1987; 42(6): 866-869.
Note: Article.

Zissu, D.; Cavelier, C.; Deceaurriz, J. Experimental Sensitization of Guinea-Pigs to Nickel and Patch

135



Testing with Metal Samples. FOOD AND CHEMICAL TOXICOLOGY; 1987; 25(1): 83-85.
Note: Article.

Zureracosano, G.; Pozolora, R.; Rinconlean, F., and Morenorojas, R. Mineral Elements in Canned
Spanish Liver Pate. FOOD CHEMISTRY; 1989; 32(3): 217-222.

136



Baars, A. J., H. van Beck, ThJ. Spierenburg, W.G. Beeftink, J. Nieuwenhuize, JJ. Pekelder,
and J. Boom. 1988. Environmental contamination by heavy metals and fluoride in
the Saeftinge salt marsh (The Netherlands) and its effect on sheep. The Veterinary
Quarterly, 10:90-98.

Bache, C.A., DL ask, GJ. Doss, D. Hoffman and J.D. Adams. 1985. Cadmium and
nickel in mainstream particulates of cigarettes containing tobacco grown on a low-
cadmium soil-sludge mixture. Journal of Toxicology and Environmental Health,
16:547-552.

Bagatto, G. and M.A. Alikhan. 1987. Copper, cadmium and nickel accumulation in
crayfish population near copper-nickel smelters at Sudbury, Ontario, Canada.
Bulletin of Environmental Contamination and Toxicology, 38:540-545.

Bencko, V., V. Wagner, M. Wagnerova and V. Zavazal. 1986. Human exposure to nickel
and cobalt: biological monitoring and immunobiochemical response. Environmental
Research, 40:399410.

Bencko, V. 1987. Arsenic. Ln L Fishbein, A. Furst and M.A. Mehlman (eds) Genotoxic
and Carcinogenic 'Metals: Environmental and Occupational Occurrence and
Exposure. Princeton Scientific Publishing CO., Inc. pp. 1-31.

Berman, S.S. and PA. Yeats. 1985. Sampling of seawater for trace metals. CRC Critical
Reviews in Analytical Chemistry, 16(1):1-14.

Berrow, M.L and J.C. Burridge. 1977. Trace element levels in soils: effects of sewage
sludge. In Ministry of Agriculture, Fisheries and Food (UK)(ed). Inorganic
Pollution and Agriculture. Reference book 326. Her Majesty's Stationery Office.
pp. 159-179.

Binder, S., D. Forney, W. Kaye and D. Paschal. 1987. Arsenic exposure in children living
near a former copper smelter. Bulletin of Environmental Contamination and
Toxicology, 39:114-121.

Blakey, N.C. 1984. Behavior of arsenical wastes co-disposed with domestic solid wastes.
Journal of the Water Pollution Control Federation, 56(1):69-75.

Borel, J.S., T.C. Majerus, M.M. Polansky, P.B. Moser and R.A. Anderson. 1984.
Chromium intake and urinary chromium excretion of trauma patients. Biological
Trace Element Research, 6:317-326.

Bottomley, DJ. 1984. Origins of some arseniferous groundwaters in Nova Scotia and New
Brunswick, Canada. Journal of Hydrology, 69:2&-257.

Bowen, S.E. 1988. Spatial and temporal patterns in the fluoride content of vegetation
around two aluminium smelters in the Hunter Valley, New South Wales. The
Science of the Total Environment, 68:97-111.



Boyle, R.W. and H.A. Robinson. 1988. Nickel in the natural environment. In: Sigel, H.
and A. Sigel (eds). Metal Ions in Biological Systems. Volume 23: Nickel and Its
Role in Biology. New York: Marcel Dekker, Inc. pp. 1-29.

Braen, S.N. and LH. Weinstein. 1985. Uptake of fluoride and aluminum by plants grown
in contaminated soils. Water, Air and Soil Pollution, 24:215-223.

Braman, R.S. and M.A. Tompkins. 1979. Separation and determination of nanogram
amounts of inorganic tin and methyltin compounds in the environment. Analytical
Chemistry, 51(1):12-19.

Braman, R.S. 1983. Environmental reaction and analysis methods. jn: B.A. Fowler (ed).
Biological and Environmental Effects of Arsenic. New York: Elsevier Science
Publishers.

Brannon, J.M. and W.H. Patrick, Jr. 1987. Fixation, transformation, and mobilization of
arsenic in sediments. Environmental Science and Technology, 21:450-459.

Bunce, H.W.F. 1985. Fluoride in air, grass and cattle. Journal of Dairy Science,
68(7):1707-1711.

Bunker, V.W., M.S. Lawson and B.E. Clay&on. 1984. The uptake and excretion of
chromium by the elderly. The American Journal of Clinical Nutrition, 39:797-802.

Burton, M.A.S. and K. Puckett. 1981. Accumulation of nickel by bryophytes and lichens.
In: NRCC 1981.

Butler, F.E., J.E. Knoll and M.R. Midgett. 1986. Chromium analysis at a ferrochrome
smelter, a chemical plant and a refractory brick plant. Jourral of the Air Pollution
Control Association, 36(5):581-584.

Byrd, J.T. and M.O. Andreae. 1982. Tin and methyltin species ir seawater: corcentrations
and fluxes. Science, 218:565-569.

Carnow, B.W. 1976. Health Effects of Occupational Lead and Arsenic Exposure - A
Symposium. U.S. Department of Health, Education and Weifare. Washington, D.C.

Cawse, P.A. 1977. Deposition of trace elements from the atmosphere in '.he UK. ~1

Ministry of Agriculture, Fisheries and Food (UK)(ed). Inorganic Pollution and
Agriculture. Reference book 326. Her Majesty's Stationery Office. pp. 22-46.

Cecutti, A. and E. Nieboer. 1981. Nickel metabolism and biochemistry. In: NRCC 1981.

Chan-Yeung, M., R. Wong, F. Tan, D. Enarson, M. Schul"er, J. Knickerbocker, K. Subbarao
and S. Grzybowski. 1983. Epidemiologica health study cf workers in an aluminum
smelter in Kitimat, B.C. II. Effects on musculoskeletal and other systems. Archives
of Environmental Health, 38:34-40.



Chau, Y.K., RJ. Maguire, P.T.S. Wong, B.A. Glen, G.A. Bengert and RJ. Tkacz. 1984.
In Environmental Contaminants Division, National Water Research Institute,
Department of the Environment, Canada Centre for Inland Waters. Occurrence of
methyltin and butyltin species in environmental samples in Ontario. Report No.
8401.

Christensen, B. 1987. Uptake and release of fluoride in arctic char. Environmental
Toxicology and Chemistry, 6:529-533.

Clark, E.A., R.M. Sterritt and J.N. Lester. 1988. The fate of tributyltin in the aquatic
environment. Environmental Science and Technology, 22(6):600-604.

Cleary, JJ., and A.R.D. Stebbing. 1987. Organotin in the surface microlayer and
subsurface waters of southwest England. Marine Pollution Bulletin, 18:238-246.

Coddington, K. 1986. A review of arsenicals in biology. Toxicological and Environmental
Chemistry, 11:281-290.

Coggins, C.R., and P. Hiscocks. 1979. Chromium on the surface of CCA-treated wood.
The International Journal of Wood Preservation, vol.1 (2) pp. 69-74.

Cote, M., L Munan, M. Gagne-Billon, A. Kelly, O. Di Pietro and D. Shapcott. 1979. Hair
chromium concentration and arteriosclerotic heart disease, pp. 223-228. In: D.
Shapcott and J. Hubert, (eds.) Chromium in Nutrition and Metabolism.
Elsevier/North-Holland Biomedical Press.

Cote, M. and D. Shapcott. 1981. Hair chromium concentrations and arteriosclerotic heart
disease. In: Gawthorne, J.M., J. McC. Howell and C.L White (eds). Trace
Elements in Man and Animals. Springer-Verlag, Berlin.

CPHA. 1986. Comprehensive Survey of the Status of Great Lakes Drinking Water.
Canadian Public Health Association. Ottawa, Ontario.

Craig, P3. and S. Rapsomanikis. 1985. Methyla:ion of tin and lead in the environment as
a model for environmental reactions. Environmental Science and Technology,
19:726-730.

Crecelius E.A. 1977. Arsenite and arsenate levels in wine. Bulletin of Environmental
Contamination and Toxicology, 18:227-230.

Culbard, E.B. and L R. Johnson. 1984. Elevated arsenic concentrations in house dusts
located in a mineralized area of Southwest England: implication. for human health.
In D.D. Hemphill (ed) Trace Substances in Environmental Health-XX'III.
Proceedings of the University of Missouris'8th annual Conference on Trace
Substances in Environmental Health. pp. 311-319.



Cunningham, W.C. and W.B. Stroube, Jr. 1987. Application of an instrumental neutronactivation analysis procedure to analysis of food. The Science of the Total
Environment, 63:29-43.

Custer, T.W. and B.L Mulhern. 1983. Heavy metal residues in prefledgling black-crowned
night-herons from three Atlantic coast colonies. Bulletin of Environmental
Contamination and Toxicology, 30:178-185.

Dabeka, R.W and A.D. McKenzie. 1987. Lead, cadmium, and fluoride levels in market
milk and infant formulas in Canada. Journal of the Association of Official Chemists,
70(4):754-757.

Dang, H.S., D.D. Jaiswal and S. Somasundaram. 1983. Distribution of arsenic in human
tissues and milk. The Science of the Total Environment, 29:171-175.

Daniell, F.D., V.P. Hutcherson, S.E. Walz and P.A. Truman. 1986. A study of drinkingwater quality in a community of Americans living in Naples, Italy. Journal of
Environmental Health, 48(4):210-212.

Davison, A.W. 1983. Uptake, transport and accumulation of soil and airborne fluorides
by vegetation. In: Shupe, J.L, H.B. Peterson and N.C. Leone (eds). Fluorides:Effects on Vegetation, Animals and Humans. Salt Lake City, Utah: Paragon PressInc.

DeGroot, R.C., T.W. Popham, LR. Gjovik, and T. Forehand. 1979. Distribution gradientsof arsenic, copper, and chromium around preservative-treated wooden stakes.Journal of Environmental Quality 8(1):3941.

Department of Environmental Medicine. 1986. Health Effects Document on Nickel:submitted to Ontario Ministry of Labour. Dep't of Environmental Medicine.Odense University, Odense, Denmark.

Diamond, M.L, D. Mackay and RL Cornett. 1987. Modelling the fate of arsenic in lakes.In S.E. Lindberg and T.C. Hutchinson (eds) Heavy Metals in the Environment.
International Conference, New Orleans, September 1987. Vol. 2, pp268-270.

Dinman, B.D. and R.M. James. 1983. Semiannual urinary fluoride analyses amongaluminum smelter workers: 1970 - 1981. In: Shupe, J.L, H.P. Peterson and N.C.Leone (eds). Fluorides: Effects on Vegetation, Animals and Humans. Salt Lake
City, Utah: Paragon Press Inc.

Dreiss, S.J. 1986. Chromium migration through sludge-treated soils. Ground Water,
24(3):312-321.

Dressier, R.L, G.L Storm, W.M. Tzilkowski and W.E. Sopper. 1986. Heavy metals incottontail rabbits on mined lands treated with sewage sludge. Journal of
Environmental Quality, 15(3):278-281.



Dudas, MJ. 1987. Accumulation of native arsenic in acid sulphate soils in Alberta.
Canadian Journal of Soil Science, 67:317-331.

Eckerlin, R.H., L Krook, G.A. Maylin and D. Carmichael. 1986. Toxic effects of food-

borne fluoride in silver foxes. Cornell Veterinarian, 76:395402.

Eisler, R. 1988. Arsenic hazards to fish, wildlife, and invertebrates: a synoptic review. U.S.

Fish Wildl. Serv. Biol. Rep. 85(1.12). 92 pp.

Eisler, R. 1989. Tin hazards to fish, wildlife, and invertebrates: a synoptic review. U.S.

Fish Wildl. Serv. Biol. Rep. 85(1.15). 83 pp.

Elfvine, D.C. W.M. Haschek, R.A. Stehn, CA.. Bache and D.H.Lisk. 1978. Heavy metal
residues in plants cultivated on and in small mammals indigenous to old orchard
soils. Archives of Environmental Health, 33:95-99.

Environment Canada. 1976a. National Inventory of Sources and Emissions of Zinc,
Cadmium and Arsenic: Summary of Emissions for 1972. Air Pollution Control
Directorate. Economic and Technical Review. Report EPS 3-AP-76-3.

Environment Canada. 1976b. National Inventory of Sources and Emissions of Manganese,
Fluoride and Vanadium: Summary of Emissions for 1972. Air Pollution Control
Directorate. Economic and Technical Review. Report EPS 3-AP-76-1.

Environment Canada 1987. Environmental Aspects of Nickel Production: sulphide
pyrometallurgy and nickel refining. Report EPS 2/MM/2.

Environmental Protection Agency, Washington, DC (U.S.). 1985. Ambient water
quality criteria for arsenic. PB85-227445. U.S. Department of Commerce,
National Technical Information Service.

Environmental Protection Agency, Washington, DC (U.S.). 1985. Ambient water
quality criteria for chromium. PB85-227478. U.S. Department of Commerce,
National Technical Information Service.

Evans, W.H. and D. Dellar. 1982. Evaluation of an inductively couples plasma emission
direct-reading spectrometer for multiple trace element analysis of foodstuffs. The
Analyst, 107:977-992.

Falconer, C.R., RJ. Shepherd, J.M. Pirie and G. Topping. 1983. Arsenic levels in fish and
shellfish from the North Sea. Journal of Experimental Marine Biology and Ecology,
71:193-203.

Fan, A.M. and 1. Harding-Barlow. 1987. Chromium. In L Fishbein, A. Furst and M.A.

Mehlman (eds) Genotoxic and Carcinogenic Metals: Environmental and
Occupational Occurrence and Exposure. Princeton Scientific Publishing CO., Inc.

pp. 87-125.



REFERENCES

Abu-Hilal, A.H. 1986. Fluoride distribution in the Jordan Gulf of Aqaba (Red Sea). The
Science of the Total Environment, 49:227-234.

Acres Consulting Services Limited. 1982. Occupational Health Survey: Worker Exposure
to Nickel and Its Compounds. Prepared for: Occupational Health and Safety
Division, Standards and Programs Branch, Ontario Ministry of Labour.

Adamson, A.H. 1977. Lead and arsenic pollution of grass around a smelter. In Ministry
of Agriculture, Fisheries and Food (UK) (ed). Inorganic Pollution and Agriculture.
Her Majesty's Stationery Office. London.

Adriano, D.C. 1986. Trace Elements in the Terrestrial Environment. New York.
Springer-Verlag New York Inc.

Aggett, J. and GW. O'rien. 1985. Detailed model for the mooi!ity of arsenic in lacustrine
sediments based on measurements in Lake Ohakuri. Environmental Science and
Technology, 19:231-238.

Aggett, J. and J.D. Simpson. 1986. Copper, chromium, and lead in Manukau Harbour
sediments. New Zealand Journal of Marine and Freshwater Research, 20:661-663.

Aitio, A., V. Riihimaki and H. Vainio (eds). 1984. Biological monitoring and surveillance
of workers exposed to chemicals: Hemisphere Publishing. Washington, D. C. 403
PP.

Aitio, A., J. Jarvisalo, M. Kiilunen, A. Tossavainen and P. Vaittinen. 1984. 101:187313n
Urinary excretion of chromium as an indicator of exposure to trivalent chromium
sulfate in leather tanning: Int. Arch. Occup. Environ. Health 54(3): 241-249.

Allan, R. and T. Jackson. 1978. Heavy metals in bottom sediments of the mainstem
Athabasca river system in the AOSERP study area. Project HY 2.4. for Alberta Oil
Sands Environmental Research Program.

Ares, J.O., A. Villa and A.M. Gayoso. 1983. Chemi=al and biological indicators of fluoride
input in the marine environment near an industrial source (Argentina). Archives
of Environmental Contamination and Toxicology, 12:589-602.

Argaman, Y., C.E. Hucks and S.E. Shelby Jr. 1984. 'Pie ffects of organotin on the
activated sludge process. Water Researct&, 18(5):535-542.

Aten, C.F.. J.B. Bourke and J.C. Walton. 1966. Heavy metal content of rainwater in
Geneva, New York, during 1983. Bulletin of Environmental Contamination and
Toxicology, 36:918-9&~.



Farago, M.E. and M.M. Cole. 1988. Nickel and plants. In: Sigel, H. and A. Sigel (eds).

Metal lons in Biological Systems. Volume 23: Nickel and Its Role in Biology. New

York: Marcel Dekker, Inc. pp. 47-90.

Farre, R., MJ. Lagarda and R. Montoro. 1986. Atomic absorption spectrophotometric

determination of chromium in foods. J. Assoc. Off. Anal. Chem. 69(5):876-879.

Faust, S.D., AJ. Winka and T. Belton. 1987. An assessment of chemical and biological

significance of arsenical species in the Maurice River drainage basin (N3.). Part I.

Distribution in water and river and lake sediments. Journal of Environmental

Science and Health, A22(3):209-237.

Fishbein, L 1981. Sources, transport and alterations of metal compounds: An overview.

I. Arsenic, beryllium, cadmium, chromium and nickel. Environmental Health

Perspectives, 40:43-64.

Fishbein, L 1984. Overview of analysis of carcinogenic and/or mutagenic metals in

biological and environmental samples. I. Arsenic, beryllium, cadmium, chromium

and selenium. International Journal of Environmental and Analytical Chemistry,

17:113-170.

Flyvholm, M.-A., G.D. Nielsen and A. Andersen. 1984. Nickel content of food and

estimation of dietary intake. Zeitschrift fur Lebensmittel-untersuchung und-

Forshung, 179:427-431.

Foa, V., A. Colombi and M. Maroni. 1984. The speciation of the chemical forms of

arsenic in the biological monitoring of exposure to inorganic arsenic. The Science

of the Total Environment, 34:241-259.

Fowler, B. 1984. Biological and environmental effects of arsenic. Topics in Environmental

Health Series Vol. 6. Elsevier. 288 pp.

Franl', R., K. Ishida and P. Suda. 1976. Metals in agricultural soils of Ontario. Canadian

Journal of Soil Science, 56:181-196.

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. The
Science of the Total Environment, 26:41-65.

Frank, R., K.I. Stonefield and P. Suda. 1985. Background elemental content of animal

feeds, Ontario, Canada, 1978-S2. Bulletin of Environmental Contamination and

Toxicology, 35:689-695.

Frank, R., K.I. Stonefield, H. Luyken and P. Suda. 1986. Survey of elemental contents in

two organs of slaughtered bovine, porcine and avian specimens, Ontario, Canada

19S0-1983. Environmental Monitoring and Assessment. 6: 259-265.



Frank, R., H.E. Braun, P. Suda, B.D. Ripley, B.S. Clegg, R.P. Beyaert and B.F. Zilkey.
1987. Pesticide residues and metal contents in flue-cured tobacco and tobacco soils
of Southern Ontario, Canada 1980-85. Tobacco Science, 31:40-45.

Frasier, G.W. 1983. Water quality from water-harvesting systems. Journal of
Environmental Quality, 12(2):225-231.

Friedland, AJ., A.H. Johnson and T.G. Siccama. 1986. Zinc Cu, Ni and Cd in the forest
floor in the Northeastern United States. Water, Air, and Soil Pollution, 29:233-243.

Gawthorne, J.M., J. McC. Howell and C.L White. 1982. Trace Elements in Man and
Animals: Proceedings of the Fourth International Symposium on Trace Element
Metabolism in Man and Animals (Temad). Perth W. Australia 11-15 May 1981.
Springer-Verlag, Berlin. 715 pp.

Gerharsson, L and P. O. Wester. 1984. Chromium, cobalt and lanthanum in lung, liver
and kidney tissue from deceased smelter workers. The Science of the Total
Environment, 37:233-246.

Gibson, R.S. 1980. Hair as biopsy material for the assessment of trace element status in
infancy. A review. Journal of Human Nutrition, 34:405-416.

Glooschenko, W.A. and N. Arafat. 1988. Atmospheric deposition of arsenic and selenium
across Canada using Sphagnum moss as a biomonitor. The Science of the Total
Environment, 73:269-275.

Goede, A.A. 1985. Mercury, selenium, arsenic and zinc in waders from the Dutch Wadden
Sea. Environmental Pollution (Series A), 37:287-309.

Goede, A. A. and M. de Bruin. 1985. Arsenic in the Dunlin (Calidris alpina) from the
Dutch Waddenzee. Bulletin of Environmental Contamination and Toxicology,
34:617-622.

Goldblatt, CJ. and R. G. Anthony. 1983. Heavy metals in northern fur seals f'Callorhinus
ursinus) from the Pribilof Islands, Alaska. Journal of Environmental Quality, 12
(4):4/8482.

Gonzalez, O., J. Fernandez and M. Martin. 1987. Inhibition of trout (Salmo eairdneri R.)
PBG-synthase by some metal ions (Mg', Pb', Zn'). Comp. Biochem. Physiol.
86C(1):163-167.

Griffiths, J.R. and G.A. Wadsworth. 1977. Heavy metal pollution of farms near an
industrial complex. In Ministry of Agriculture, Fisheries and Food (UK)(ed).
Inorganic Pollution and Agriculture. Reference book 326. Her Majesty's Stationery
Office. pp. 70-74.



Gutenmann, W.H., C.A. Bache, DJ. Lisk, D. Hoffman, J.D. Adams and D.C. Elfving. 1982.
Cadmium and nickel in smoke of cigarettes prepared from tobacco cultured on
municipal sludge-amended soil. Journal of Toxicology and Environmental Health,
10:423431.

Hall, S.L and F.M. Fisher Jr. 1985. Heavy metal concentrations of duck tissues in relation
to ingestion of spent shot. Bulletin of Environmental Contamination and Toxicology,
35:163-172.

Hall, LW. Jr., MJ. Lenkevich, W.S. Hall, A.E. Pinkney, SJ. Bushong. 1986. Monitoring
organotin concentrations in Maryland waters of Chesapeake Bay. Presented at
Organotin Symposium [at] Oceans '86 "Science-Engineering-Adventure", Wasington,
DC (USA). Abstract.

Harrison, R.M. 1983. Ambient air quality in the vicinity of a works manufacturing
sulphuric acid, phosphoric acid and sodium tripolyphosphate. The Science of the
Total Environment, 27:121-131.

Hathaway, S.W. and F. Rubel, Jr. 1987. Removing arsenic from drinking water. American
Water Works Assocation, 79:61-65.

Havas, M. and T.C. Hutchinson. 1987. Aquatic macrophytes as biomonitors of metals and
macronutrients in acidic and alkaline ponds at the Smoking Hills, Canada. Jn S.E.
Lindberg and T.C.. Hutchinson (eds) Heavy Metals in the Environment.
International Conference, New Orleans, September 1987. Vol. 2, pp43$432.

Hayes, R.B. 1988. Review of occupational epidemiology of chromium chemicals and
respiratory cancer. The Science of the Total Environment, 71:331-339.

Health and Welfare Canada. 1979. Guidelines for Canadian Drinking Water Quality:
Compendium of Methods Used in Canada for the Analysis of Drinking Water.
Health and Welfare Canada. Ottawa, Ontario.

Health and Welfare Canada. 1987. Guidelines for Canadian Drinking Water Quality.
Federal-Provincial Subcommittee on Drinking Water. Health and Welfare Canada.
Ottawa, Ontario.

Health and Welfare Canada. 1988. Fluoridation in Canada as of December 31, 1986.
Report No. SS-EHD-137.

Hemphill, Jr., D.D., V.V. Volk, PJ. Sheets and C. Wickliff. 1985. Lettuce and broccoli
response and soil properties resulting from tannery waste applications. Journal of
Environmental Quality, 14(2):159-163.



Hershey, J.W., T.S. Oostdyk and P.N. Keliher. 1988. Determination of arsenic and
selenium in environmental and agricultural samples by hydride generation atomic
absorption spectrometry. J. Assoc. Off. Anal. Chem. 71(6):1090-1093.

Hodge, V.F., S.L Seidel and E.D. Goldberg. 1979. Determination of tin (IV) and
organotin compounds in natural waters, coastal sediments and macro algae by atomic
absorption spectrometry. Analytical Chemistry, 51(8):1256-1259.

Hoffmann, P. and KH. Lieser. 1987. Determination of metals in biological and
environmental samples. The Science of the Total Environment, 64:1-12.

Hornung, H. and g3. Ramelow. 1987. Distribution of Cd, Cr, Cu, and Zn in Eastern
mediterranean fishes. Marine Pollution Bulletin, 18(1):4549.

Horwitz, W. 1979. Arsenic and tin in foods: reviews of commonly used methods of
analysis. Food and Agriculture Organization of the 'united Nations. FAO Food and
Nutrition Paper No. 9.

Hutton, M. and C. Symon. 1986. The quantities of cadmium, lead, mercury and arsenic
entering the U.K. environment from human activities. The Science of the Total
Environment, 57:129-150.

Hyvarinen, H. and T. Sipila 1984. Heavy metals and high pup mortality in the Saimaa
ringed seal population in eastern Finland. Marine Pollution Bulletin, 15(9):335-
337.

IARC. 1980. IARC monographs on the evaluation of the carcinogenic risk of chemicals
to humans. International Agency for Research on Cancer. Chromium and
Chromium Compounds. 23:204-323.

Irion, G. and G. Muller. 1987. Heavy metals in surficial sediments of the North Sea. In
S.E. Lindberg and T.C. Hutchinson (eds) Heavy Metals in the Environment.
International Conference, New Orleans, September 1987. Vol. 2, pp. 3841.

Iyengar, V. 1985. Normal values for the elemental composition of human tissues and
body fluids: a new look at an old problem. In D.D. Hemphill (ed) Trace
Substances in Environmental Health-XIX. Proceedings of the University of
Missouri's 19th Annual Conference on Trace Substances in Environmental Health.
pp. 277-396.

Jacobson-Kram, D., P. Mushak, M. Piscator, DJ. Sivulka, M. Chu, HJ. Gib, T.W.
Thorslund and KS. Crump. 1984. Health Assessment Document for Inorganic
Arsenic. U.S. Environmental Protection Agency. Office of Research and
Development/Office of Health and Environmental Assessment. Washington. EPA-
600/8-83-021F.



Jaworski, J.F. 1982. Data Sheets on Selected Toxic Elements. National Research Council
of Canada. Ottawa, Canada. NRCC Pub. No. 19252.

Jaworski, J.F. 1985. Chromium Update 1984: Environmental and Nutritional Effects of
Chromium. National Research Council of Canada. Ottawa, Ontario.

Jenkins, D.W. 1980. Biological monitoring of toxic trace metals. Volume 1 - Biological
monitoring and surveillance. U.S. Environ. Prot. Agency, Las Vegas, Nevada 215
PP.

Johnson, R.D. et al. 1984. Pesticide, heavy metal and other chemical residues in infant
and toddler total diet samples. (III). August 1976-September 1977. J. Assoc. Off.
Anal. Chem., 67(1):145-154.

Johnson, R.D., D.D. Manske, D.H. New and D.S. Podrebarac. 1984. Pesticide, metal, and
other chemical residues in adult total diet samples. (XIII). August 1976-September
1977. J. Assoc. Off. Anal. Chem., 67(1):154-166.

Kabata-Pendias, A. and H. Pendias. 1984. Trace Elements in Soils and Plants. Florida:
CRC Press Inc.

Kabata-Pendias, A. 1985. Progress in trace element research in Poland and neighboring
countries. In D.D. Hemphill (ed) Trace Substances in Environmental Health-XIX.
Proceedings of the University of Missouri's 19th Annual Conference on Trace
Substances in Environmental Health. pp576-587.

Kalnins, MA.. and B.F. Detroy. 1984. Effect of wood preservative treatment of beehives
on honey bees and hive products. Journal of Agriculture and Food Chemistry
32:1176-1180.

E~stad, L 1967. Fluorosis in deer (Odocoileus virzinianus). Bull. Wildl. Disease Assoc.
3:42-46.

Kasahara, K., T. Kondo and N. Takeshi. 1986. Normal fluoride concentrations in spot
samples of urine. Stud. Environ Sci. 27:401-406.

Kasprzak, K.S. 1987. Nickel. In L Fishbein, A. Furst and M.A. Mehlman (eds)
Genotoxic and Carcinogenic Metals: Environmental and Occupational Occurrence
and Exposure. Princeton Scientific Publishing CO., Inc. pp 145-269.

Kazantzis, G. 1981. Role of cobalt, iron, lead, manganese, mercury, platinum, selenium,
and titanium in carcinogenesis. Environmental Health Perspectives, 40:143-161.

Klemmer H.W., E. Leitis and K. Pfenninger. 1975. Arsenic ontent of house dusts in
Hawaii. Bulletin of Environmental Contamination and Toxicology, 14:449452.



Kempton, S., R.M. Sterritt and J.N. Lester. 1987. Heavy metal removal in primary
sedimentation. I. The influence of metal solubility. The Science of the Total
Environment, 63:231-246.

King, KA., CW. Lefever and B.M. Mulhern. 1983. Organochlorine and metal residues in
royal terns nesting on the central Texas coast. Journal of Field Ornithology,
54(3):295-303.

Kirk, R.E and D. R. Othmer (eds). 1979. Encyclopedia of Chemical Technology, Vol. 6.
John Wiley and Sons Ltd., Chichester, Engl. 904 pp.

Klonne, D.R., J.M. Burns, C.A. Halder, C.E. Holdsworth and C.E. Ulrich. 1987. Two-
year inhalation toxicity study of petroleum coke in rats and monkeys. Amer. J.
Industrial Medicine. 11:375-389.

Kono, K., Y. Yoshida, H. Yamagata, M. Watanabe, Y.Shibuya, and K. Doi. 1987. Urinary
fluoride monitoring of industrial hydrofluoric acid exposure. Environmental
Research, 42:415420.

Koops, J., H. 1Qomp and D. Westerbeek. 1982. Spectrophotometric determination of
nickel with furildioxime, with special reference to milk and milk products and to the
release of nickel from stainless steel by acidic dairy products and by acid cleaning.
Netherlands Milk Dairy Journal, 36:333-353

Kosta, L, A.R. Byrne and M. Dermelj. 1983. Trace elements in some human milk samples
by radiochemical neutron activation analysis. The Science of the Total Environment,
29:261-268.

Krishnamachari, K.A.V.R. 1985. Osteoporosis in fluoride toxicity. In: Mills, C.F., I.
Bremner and J.K. Chesters (eds). Trace Elements in Man and Animals - TEMA 5.
Proceedings of the Fifth International Symposium on Trace Elements in Man and
Animals. United Kingdom: Commonwealth Agricultural Bureaux.

Kumpulainen, J., S. Salmela, E. Vuori and J. Lehto. 1982. Effects of various washing
procedures on the chromium content of human scalp hair. Analytica Chimica Acta,
138:361-364.

Kumpulainen, J., J. Lehto, P. Koivistoinen, M. Uusitupa and E. Vuori. 1983.
Determination of chromium in human milk, serum and urine by electrothermal
atomic absorption spectrometry without preliminary ashing. The Science of the
Total Environment, 31:71-80.

LaDou, J. 1984. The not-so-clean business of making chips. Technology Review, 87:22-
36.

Langston, WJ., G.R. Burt and Z. MingIiang. 1987. Tin and organotin in water, sediments,
and benthic organisms of Poole Harbour. Marine Pollution Bulletin, 18(12):634-
639.



La Touche, D.Y. and M.C. Mix. 1982. Seasonal variations of arsenic and other trace
elements in Bay mussels (Mvtilvs edulis). Bulletin of Environmental Contamination
and Toxicology, 29:665-670.

Lau, B.P.Y., P. Michalik, CJ. Porter and S. Krolik. 1987. Identification and confirmation
of arsenobetaine and arsenocholine in fish, lobster and shrimp by a combination of
fast atom bombardment and tandem mass spectrometry. Biomedical and
Environmental Mass Spectrometry, 14:733-736.

Laughlin, R.B., Jr. and O. Linden. 1985. Fate and effects of organotin compounds.
Ambio, 14(2):88-94.

Laughlin, R.B., Jr. and O. Linden. 1987. Tributyltin - Contemporary environmental issues.
Ambio, 16(5):252-256.

Leece, D.R. and J.H. Scheltema. 1983. Effects of fluoride emissions from industry on the
fluoride concentration of grape leaves (Vitis vinifera L) in New South Wales. In:
Shupe, J.L, H.B. Peterson and N.C. Leone (eds). Fluorides: Effects on Vegetation,
Animals and Humans. Salt Lake City, Utah: Paragon Press, Inc.

Lenvik, K, E. Steinnes and A.C. Pappas. 1978. Contents of some heavy metals in
Norwegian rivers: Nord. Hydrol. 9(3-4): 197-206.

Lenwood, W.H., Jr. and A.E. Pinkney. 1985. Acute and sublethal effects of organotin
compounds on aquatic biota: an interpretative literature evaluation. Critical Reviews
in Toxicology, 14(2):159-209.

Lepage, P. and G.H. Parker. 1988. Copper, nickel and iron levels in pelage of red
squirrels living near the ore smelters at Sudbury, Ontario, Canada. Canadian
Journal of Zoology, 66:1631-1637.

Lo, F.B. and D.K. Arai. 1988. Determination by atomic spectrometry of chromium on air
sampling filters in the presence of iron. American Industrial Hygiene Association,
49(5)207-212.

Lugowski, S., D.C. Smith and J.C. van Loon. 1987. The determination of Al, Cr, Co, Fe
and Ni in whole blood by electrothermal atomic absorption spectrophotometry.
Journal of Biomedical Materials Research, 21:657-674.

Lynch, C.F. 1987. Relationship of fluoride in drinking water to other drinking water
parameters. Archives of Environmental Health, 42(1):5-13.

Maclauchlan, LE., J.H. Borden, J.M. D'Auria and LA. Wheeler. 1988. Distribution of
arsenic in MSMA-treated lodgepole pines infested by the mountain pine beetle,
Dendroctonus ponderosae (Coleoptera: Scol&aidae), and its relationship to beetle
mortality. Journal of Economic Entomology, 81(1):274-279.



MAFF. 1985. Survey of aluminium, antimony, chromium, cobalt, indium, nickel, thallium
and tin in food. Ministry of Agriculture, Fisheries and Food. Food Surveillance
Paper No. 15. Her Majesty's Stationery Office. London, U.K pp. 17-31.

MAFF. 1982. Survey of arsenic in food. Ministry of Agriculture, Fisheries and Food.
Food Surveillance Paper No. 8. Her Majesty's Stationery Office. London, U.K. 35

PP.

Maguire, RJ., Y.K. Chau, G.A. Bengert, and EJ. Hale. 1982. Occurrence of organotin
comoounds in Ontario lakes and rivers. Environmental Science and Technology,
16:698-702.

Maguire, R3. 1984. Butyltin compounds and inorganic tin in sediments in Ontario.
Environmental Science and Technology, 18(4):291-294.

Maguire, RJ. and RJ. Tkacz. 1985. Degradation of the tri-n-butyltin species in water and
sediment from Toronto Harbor. Journal of Agriculture and Food Chemistry, 33:947-

953.

Maguire, RJ., RJ. Tkacz, Y.K -Chau, G.A. Bengert and P.T.S. Wong. 1986. Occurrence
of organotin compounds in water and sediment in Canada. Chemosphere, 15(3):253-
274.

Maguire, RJ. 1987. Environmental aspects of tributyltin. Review. Applied Organometallic
Chemistry, 1:475498:

Mahadevan, T.N., V. Meenakshy and U.C. Mishra. 1986. Fluoride cycling in nature
through precipitation. Atmospheric Environment, 20(9):1745-1749.

Maher, W.A. 1984. Arsenic in marine organisms: a minireview. Biological Trace Element
Research, 6:159-164.

Maheshwari, U.R. et al. 1981. Fluoride balance studies in ambulatory healthy men with
and without fluoride supplements. The American Journal of Clinical Nutrition,
34:2679-2684.

Marcus, J.M. and T.D. Mathews. 1987. Trace metals in Southd Carolina estuaries. In S.E.
Lindberg and T.C. Hutchinson (eds) Heavy Metals in the Environment.
International Conference, New Orleans, September 1987. Vol. 2, pp446MS.

Mart, L, H. Rutzel, P. Klahre, L Sipos, U. Platzek, P. Valenta and H.W. Nurnberg. 19&2.

Comparative studies on the distribution of heaig metals in the oceans and coastal
waters. The Science of the Total Environment, 26:1-17.

Martin, R.C., D.G. Dixon, RJ. Maguire, P.V. Hudson and RJ. Tkacz. 19SS. Acute
toxicity, uptake, depuration and tissue distribution of tri-n-tributyltin in rainbow
trout, Salmo eairdneri. Aquatic Toxicology,



Mastromatteo, E. 1986. Nickel. Am. Ind. Hyg. Assoc. J., 47(10):589-601.

Matisoff, G., CJ. Khourey, J.F. Hall, A.W. Varnes and W.H. Strain. 1982. The nature and
source of arsenic in Northeastern Ohio ground water. Ground Water, 20(4):446-
456.

McGrath, S.P. 1986. The range of metal concentrations in topsoils of England and Wales
in relation to soil protection guidelines.

McMaster University. 1984. Effects of chromuim compounds on human health.
Department of Biochemistry and Occupational Health Program. McMaster
University. Hamilton, Ontario.

McNamara, P., M. Byrne, B. Goodwin, K. Scow, W. Steber, R. Thomas, M. Wood, S.
Wendt and P. Cruse. 1981. An Exposure and Risk Assessment for Nickel. U.S.
Environmental Protection Agency, Washington, D.C. EPA-440/4-85-012.

Mehra, M.C. 1982. Measurement of lead, cadmium, arsenic and mercury in precipitation
events. Inland Waters Directorate, Atlantic Region. Moncton, New Brunswick.
Environment Canada. Technical Bulletin No. 127.

.Meisch, H.U., M. Kessler, W. Reinle and A.Wagner. 1986. Distribution of metals in
annual rings of the beech (Faeus svlvatica) as an expression of environmental
changes. Experientia, 42:537-542.

Meranger, J.C., K.S. Subrarnanian and R.F. McCurdy. 1984. Arsenic in Nova Scotian
groundwater. The Science of the Total Environment, 39:49-55.

Middelburg, J3., D. Hoede, H.A. Van Der Sloot, C.H. Van Der Weijden and J. Wijkstra.
1988. Arsenic, antimony and vanadium in the North Atlantic Ocean. Geochimica
et Cosmochimica Acta, 52:2871-2878.

Miller, T.G. and W.C. MacKay. 1980. The effects of hardness, alkalinity and pH of test
water on the toxicity of copper to rainbow trout (Salmo eardneri). Water Res.
14:179-133.

Mills, C.F., I. Bremner and J.K. Chesters. 1985. Trace elements in man and animals-
TEMA 5. Commonwealth Agricultural Bureaux. Proceedings of the Fifth
International Symposium on Trace Elements in Man and Animals. pp267-270.

Alinchin, D., C.H. Duggan and O'. King. 1987. Possible effects of organotins on scallop
recruitment. h larine Pollution Bulletin. 18(11):604-608.



Ministry of the Environment. 1986. Comprehensive survey of the status of Great Lakes
drinking water. Canadian Public Health Association, Ottawa.

Molinari, G.P., M. Trevisan, P. Natali, and A.A.M. Del Re. 1987. Determination of tin in
wines and sugar beets by means of atomic absorption spectroscopy with hydride
generation. J. Agric. Food Chem. 35:727-731.

Montalbano III, F. 1983. Radium-226 and trace elements in mottled ducks. Journal of
wildlife management, 47(2):327-333.

Moore, J.W. and S. Ramamoorthy (eds). 1984 Heavy Metals in Natural Waters. Applied
monitoring and impact assessment. Springer-Verlag, New York.

Mudroch, A. and T.A. Clair. 1986. Transport of arsenic and mercury from gold mining
activities through an aquatic system. The Science of the Total Environment, 57:205-
216.

Mukai, H., Y. Ambe, T. Muku, K. Takeshita and T. Fukuma. 1986. Seasonal variation of
methylarsenic compounds in airborne particulate matter. Nature, 324:239-241.

Mushak, P. 1985. Potential impact of acid precipitation on arsenic and selenium.
Environmental Health Perspectives, 63:105-113.

Mutti, A., C. Pedroni, G. Arkni and I. Franchini, C. Minoia, G. Micoli and C. Baldi. 1984.
Biological monitoring of occupational exposure to different chromium compounds
at various valency states. Intern. J. Environ. Anal. Chem., 17:3541.

Myron, D.R., TL Zimmerman, T.R. Shuler, LM. Klevay, D.E. Lee and F.H. Nielsen.
1978. Intake of nickel and vanadium by humans. A survey of selected diets. Am.
J. Clin. Nutr. 31(3): 527-531.

Nadakaiukaren, JJ., R.L Ingermann, G. Jeddeloh and SJ. Falkowski. 1984. Seasonal
variation of arsenic concentration in well water in Lane county, Oregon. Bulletin
of Environmental Contamination and Toxicology, 33:264-269.

NAS. 1977. Drinking water and health. Safe Drinking Water Committee, Nat'I Academy
of Sciences. Washington, D.C. pp 208-373.

NRC (National Research Council). 1977. In Medical and Biologic Effects of
Environmental Pollutants. National Academy of Sciences, Washington, D.C.

Ndiokwere, Ch.L 1985. The dispersal of arsenic, chromium and copper from a wood
treatment factory, and their effect on soil, vegetation and crops. international
Journal of Environmental Studies, 24:231-234.



Newman, J.R. and M.-H. Yu. 1976. F'luorosis in black-tailed deer. Journal of
Wildlife Diseases, 12:3941.

Nieboer, E., A. Yassi, A.T. Haines and A.A. Jusys. 1984. Effects of Chromium
Compounds on Human Health. McMaster University. Hamilton, Ontario.
(prepared under contract for the Ontario Ministry of Labour).

Norris, LA. 1977. Arsenic in cattle hair after forests are precommercially thinned with
organic arsenical herbicides. Forest Service - U.S. Department of Agriculture.
Portland, Oregon. PNW-296.

Norris, LA., P.R. Canutt and J.F. Neuman. 1983. Arsenic in the forest environment after
thinning with MSMA and cacodylic acid. Bulletin of Environmental Contamination
and Toxicology, 30:309-316.

Norris, LA. 1985. Exposure of applicators to monosodium methanearsonate and cacodylic
acid in forestry. In R.C. Honeycutt, G. Zweig and N.N. Ragsdale (eds) Dermal
Exposure Related to Pesticide Use: Discussion of Risk Assessment. American
Chemical Society, Washington, D,C. pp111-121.

Norseth, T. 1981. The carcinogenicity of chromium. Environmental Health Perspectives,
40: 121-130.

NRCC. 1976. Effects of chromium in the Canadian environment. National Research
Council of Canada Ottawa, Ontario.

NRCC. 1977. Environmental fluoride, 1977. National Research Council of Canada.
Ottawa, Ontario. NRCC No. 16081.

NRCC. 1978. Effects of arsenic in the Canadian environment. National Research Council
of Canada. Ottawa, Ontario. NRCC No. 15391.

NRCC. 1981. Effects of nickel in ihe Canadian environment. Assoc. Comm. Sci. Crit. for
Environ. Qual. National Research Council of Canada. NRCC Pub. No. 18568. 352

PP

NRCC. 1985. Organotin compounds in the aquatic environment: scientific criteria for
assessing their effects on environmental quality. National Research Council of
Canada. NRCC Pub. No. 22494.

Nriagu, J.O. 1980. Nickel in the Environment. Toronto: John Wiley and Sons.

Nriagu, J.O.. 1983. Arsenic enrichment in lakes near the smelters at Sudbury, Ontario.
Geochimica et Cosmochimica Acta, 47:1523-1526.



Pitt, J.L, R. Hossner and J.R. Melton. 1986. Nickel, cadmium and selenium levels in
native soil, overburden and spoil materials. Journal of Environmental Quality,
15(2):113-116.

Plantumvanit, P., Y. Songpaisan and R.G. Shamschula. 1986. Community dental fluorosis
and the fluoride content of saliva and urine in Thai children. Stud. Eniron. Sci. 27:
173-180.

Podrebarac, D.S. 1984a. Pesticide, heavy metal, and other chemical residues in infant and
toddler total diet samples. (IV). October 1977-September 1978. J. Assoc. Off. Anal.
Chem., 67(1):166-175.

Podrebarac, D.S. 1984b. Pesticide, metal and other chemical residues in adult total diet
samples. (XIV). October 1977-September 1978. J. Assoc. Off. Anal. Chem.,
67(1):176-182.

Polomski, J., H. Fluhler and P. Blaser. 1982. Accumulation of airborne fluoride in soils.
Journal of Environmental Quality, 11(3}:457-461.

Quentin, K.E., and H.A. Winkler. 1974. Occurrence and determination of inorganic
polluting agents in surface and ground waters. Zentralbl. Bakteriol. Parasitenk.
Infektionskr. Hyg. 158(6): 514-523.

Rabano, E.S., N.T. Castillo and KJ. Torre. 1989. Speciation of arsenic in ambient aerosols
collected in Los Angeles. Journal of the Air Pollution Control Association, 39:76-
80.

Raithel, HL, G. Ebner, K.H. Schaller, B. Schellmann and H. Valentin. Problems in
establishing norm values for nickel and chromium concentrations in human
pulmonary tissue. American Journal of Industrial Medicine, 12(1):55-70.

Rak, J.R. and M.R. Clarke. 1974. Leachability of new water-borne preservative systems
for difficult-to-treat wood products. American Wood-Preservers'ssociation. 27-34
PP.

Randall, J.A. 1987. Evaluation of serum, urine and hair chromium levels as indices of
chromium exposure and the relationship of these indices tc serum lipid and insulin
levels. PhD Thesis. University of Guelph. Guelph, Ontario.

Rappaport, B.D., D.C. Martens, R.B. Reneau Jr. and T.W. Simpson. 1987. Metal
accumulation in corn and barley grown on a sludge-amended typic ochraqualf.

.Journal of Environmental Quality, 16(1):29-33.

Reeves, R.D. 1988. Nickel and zinc accumulation by species of Thlasoi L, Cochlearia L,
and other genera of the Brassicaceae. Taxon, 37(2):309-318.

Ridout, P.S., P.S. Rainbow, H.SJ. Roe and H.R. Jones. 1989. Concentrations of V, Cr,
Mn, Fe, Ni, Co, Cu, Zn, As and Cd in mesopelagic crustaceans from the North East
Atlantic Ocean. Marine Biology, 100:465471.



Robinette, W.L, D.A. Jones, G. Rogers and J.S. Goldsmith. 1957. Notes on tooth
development and wear for Rocky Mountain mule deer. J. Wildl. Manage. 21:135-
152.

Rose, G.A. and G.H. Parker. 1982. Effects of smelter emissions on metal levels in the
plumage of ruffed grouse near Sudbury, Ontario, Canada. Canadian Journal of
Zoology, 60:2659-2667.

Rose, G.A. and A.H. Parker. 1983. Metal content of body tissues, diet items, and dung of
ruffed grouse near the copper-nickel smelters at Sudbury, Ontario. Canadian
Journal of Zoology, 61:505-511.

Safety Services Department. 1986. Health risks associated with CCA-PEG treated utility
poles. Information report.

Saner, G. 1981. The effect of parity on maternal hair chromium concentration and the
changes during pregnancy. The American Journal of Clinical Nutrition, 34:853-855.

Saner, G., V. Yuzbasiyan and S. Cigdem. 1984. Hair chromium concentration and
chromium excretion in tannery workers. British Journal of Industrial Medicine,
41:263-266.

Santa Maria, I., M. Gonzalez, W. Lara and A. Ober. 1986. Arsenic levels in chilean
marine species. Bulletin of Environmental Contamination and Toxicology, 37:593-
598.

Sarma, J.V.V. and A. N. Swamy. 1983. Common composition characteristics of fluoride
bearing groundwaters. Water, Air, and Soil Pollution, 20:29-39.

Sasaki, K., T. Ishizaka, T. Suzuki, and Y. Saito. 1988a. Determination of tri-n-butyltin and
di-n-butyltin compounds in fish by gas chromatography with flame photometric
detection. J. Assoc. Off. Anal. Chem. 71(2):360-363.

Sasaki, K., T. Suzuki and Y. Saito. 1988b. Determination of tri-n-butyltin and di-n-butyltin
compounds in yellow tails. Bulletin of Environmental Contamination and
Toxicology, 41:S88-893.

Saur, J.M., P.J. Walcheski and LR. Gjovik. 1983. The level of respirable arsenic on the
surface of treated wood in service. American Wood-Preservers'Association, vol.
79:66-70.

Schroeder, H.A. 1970. Chromium. Air Qual. Monogr. No.70-15. 28pp.

Scudlark, J.R. and T.hl. Church. 1988. The atmospheric deposition of arsenic and
association with acid precipitation. Atmospheric Environment, 22(5):937-943.

Slierrell, R.M. and E.A. Boyle. 1988. Zinc, chromium, vanadium and iron in the
hlediterranean Sea. Deep-Sea Research, 35(8):1319-1334.



Shiomi, K., Y. Sakamoto, H. Yamanaka and T. Kikuchi. 1988. Arsenic concentrations in
various tissues of bivalves and arsenic species in gills. Bulletin of the Japanese
Society of Scientific Fisheries, 54(3):539.

Short, J.W. and F.P. Thrower. 1986. Accumulation of butyltins in muscles tissue of
Chinook salmon reared in sea pens treated with tri-n-butyltin. Marine Pollution
Bulletin, 17(12):542-545.

Shupe, J.L and A.E. Olson. 1983. Clinical and pathological aspects of fluoride toxicosis
in animals. In: Shupe, J.L, H.P. Peterson and N.C. Leone (eds). Fluorides: Effects
on Vegetation, Animals and Humans. Salt Lake City, Utah: Paragon Press Inc.

Shupe, J.L, H.B. Peterson and N.C. Leone. 1983. Fluorides - effects on vegetation,
animals and humans. 1983. Proceedings of an International Symposium on
Fluorides at Utah State University, Logan, Utah, U.S.A. May 24-27, 1982. pp7-13.

Sidhu, S.S. and RJ. Staniforth. 1986. Effects of atmospheric fluorides on foliage, and cone
and seed production in balsam fir, black spruce and larch. Canadian Journal of
Botany, 64:923-931.

Singer, L and R.H. Ophaug. 1983. Fluoride intakes of humans. Jn: Shupe, J.L, H.B.
Peterson and N.C. Leone (eds). Fluorides: Effects on Vegetation, Animals and
Humans. Salt Lake City, Utah: Paragon Press Inc.

Siu, M.K.W., M.E Bednas and S.S. Berman. 1983. Determination of chromium in
seawater by isotope dilution gas chromatography/mass spectrometry. Analytical
Chemistry,55:473-476.

Sloterdijk, H.H., L Champoux, P.E. Ross, V. Jarry, and Y. Couillard. 1987. In S.E.
Lindberg and T.C. Hutchinson (eds) Heavy Metals in the Environment.
International Conference, New Orleans, September 1987. Vol. 2, pp518-520.

Smith, F.A. 1983. Overview of fluorides in everyday life. In: Shupe, J.L, H.B. Peterson
and N.C. Leone (eds). Fluorides: Effects on Vegetation, Animals and Humans. Salt
Lake City, Utah: Paragon Press, Inc.

Snoeij, NJ., A.H. Penninks and W. Seinen. 1987. Biological activity of organotin
compounds - an overview. Environmental Research, 44:335-353.

Sonderegger, J.L and T. Ohguchi. 1988. Irrigation related arsenic contamination of a thin,
alluvial aquifer, Madison River Valley, Montana, USA. Environmental Geology and
Water Sciences, 11(2):153-161.

Sonneborn, M., J. Mandelkow, D. Schon and H. Hoffmeister. 1983. Health effects of
inorganic drinking water constituents, including hardness, iodide, and fluoride.
Critical Reviews in Environmental Control, 13(l):1-2".



Stallard, M., V. Hodge and E.D. Goldberg. 1987. TBT in California coastal waters:
Monitoring and assessment. Environmental Monitoring and Assessment, 9(2):195-
220. Abstract.

Stephenson, T. and J.N. Lester. 1987. Heavy metal behaviour during the activated sludge
process. I. Extent of soluble and insoluble metal removal. The Science of the Total
Environment, 63:199-214.

Stokes, P.M., R.C. Bailey and G.R. Groulx. 1985. Effects of acidification on metal
availability to aquatic biota, with special reference to filamentous algae.
Environmental Health Perspectives, 63:79-87.

Stokes, P. 1988. Nickel in aquatic systems. In: Sigel, H. and A. Sigel (eds). Metal Ions
in Biological Systems. Volume 23: Nickel and Its Role in Biology. New York:
Marcel Dekker, Inc. pp. 31M.

Stoneburner, D.L 1984. Heavy metal burdens in american crocodile eggs from Florida
Bay, Florida, USA. Journal of Herpetology, 18(2):192-193.

Struger, J., J.E. Elliott and D.V. Weseloh. 1987. Metals and essential elements in herring
gulls from the Great Lakes, 1983. Journal of the Great Lakes Research, 13(1):43-
55.

Sunderman, F.W. Jr., A. Aitio, A. Berlin, C. Bishop, E. Buringh, W. Davis, M. Gournar,
P.C. Jacquignon, E. Mastromatteo, J.P. Rigaut, C. Rosenfeld, R. Saracci and A. Sors.
1984. Nickel in the human environment. IARC Scient. Pub. No. 53. pp419-513.

Sussman, L and J.M. Moyle. 1988. tuoking for chromium in 19th century ceramic colours.
Environment Canada, Parks. No. 260.

Suttie, J.W., RL Hamilton, A.C. Clay, M.L Tobin and W.G. Moore. 1985. Effects of
fluoride ingestion on white-tailed deer (Odocoileus vireinianus). J. Wildl. Dis.
21(3):283-288.

Sweet, C.W. and D.F. Gatz. 1987. Vapor-particle ratios for airborne mercury, arsenic and
selenium at urban sites in Illinois. In S.E. Lindberg and T.C. Hutchinson (eds)
Heavy Metals in the Environment. International Conference, New Orleans,
September 1987. Vol. 1, pp33-35.

Szefer, P. and J. Falandysz. 1983. Investigations of trace metals in long-tailed duck
(Clanr ula hvemalis L) from the Gdansk Bay. The Science of the Total
Environment, 29:269-276.

Takagi, Y., S. Matsuda, S. Imai, Y. Qlrmori, T. Masuda, J.A. l inson, F 1.C. Mehra, B.K.
Puri and A. Kaniewski. 1986. Trace elemerits in human hair: an international
comparison. Bulletin of Environmental Contamination and Toxicology, 36:793-800.



Takahashi, W., K. Pfenninger and L Wong. 1983. Urinary arsenic, chromium, and copper
levels in workers exposed to arsenic-based woood preservatives. Archives of
Environmental Health, 38(4):209-214.

Taves, D.R., N. Forbes, D. Silverman and D. Hicks. 1983. Inorganic fluoride
concentrations in human and animal tissues. jn: Shupe, J.L, H.P. Peterson and N.C.
Leone (eds). Fluorides: Effects on Vegetation, Animals and Humans. Salt Lake
City, Utah: Paragon Press Inc.

Thomas, R. 1977. Arsenic pollution arising from mining activities in south-west England.
In Ministry of Agriculture, Fisheries and Food (UK) (ed). Inorganic Pollution and
Agriculture. Her Majesty's Stationery Office. London. pp126-141.

Thompson, JA3., M.G. Sheffer, R.C. Pierce, Y.K. Chau, JJ. Cooney, W.R. Cullen and RL
Maguire. 1985. Organotin Compounds in the Aquatic Environment: Scientific
Criteria for Assessing their Effects on Environmental Quality. National Research
Council of Canada. Ottawa, Canada. NRCC Pub. No. 22494.

Thornton, I. 1977. Geochemical aspects of heavy metal pollution and agriculture in
England and Wales. Qn Ministry of Agriculture, Fisheries and Food (UK) (ed).
Inorganic Pollution and Agriculture. Her Majesty's Stationery Office. London.

Traversy, WJ., P.D. Goulden, Y.M. Sheikh and J.R. Leacock. 1975. Levels of Arsenic and
Selenium in the Great Lakes Region. Scientific Series No. 58. Inland Waters
Directorate, Water Quality Branch, Burlington, Ontario.

Tsuda, T., M. Wada, S. Aoki and Y. Matsui. 1988. Determination of inorganic tin in
biological samples by hydride generation-atomic absorption spectrometry after silica
gel cleanup. J. Assoc. Off. Anal. Chem. 71(2):373-374.

U.S.EPA. 1980. Ambient water quality criteria for Arsenic. Office of water regulations and
standards. EPA 440/5-80-021. NTIS Pub. No. PB81-117327. 211 pp.

U.S.EPA. 1984. Fluoride Occurrence in Drinking Water, Food and Air. U.S.
Environmental Protection Agency, Washington, D.C. PB85-199313.

U.S.EPA. 1985. Drinking Water Criteria Document for Chromium. U.S. Environmental
Protection Agency, Washington, D.C. PB86-118072.

U.S.EPA. 1986. Ambient water quality criteria for nickel. U.S. Environmental Protection
Agency, Washington, D.C. EPA 440/5-86-004.

Vahter, M. and L Birger. 1986. Concentrations of arsenic in urine of the general
population in Sweden. The Science of the Total Environment, 54:1-12.



Valentine, J.L et al. 1985. Arsenic effects on population health histories. In: Mills, C.F.,
I. Bremner and J.K. Chesters (eds). Trace Elements in Man and Animals - TEMA
5. Proceedings of the Fifth International Symposium on Trace Elements in Man and
Animals. United Kingdom: Commonwealth Agricultural Bureaux.

Van Schoor, O., I. Claes, H. Deelstra. 1986. Chromium content of European wines.
Belgian Journal of Food Chemistry and Biotechnology, 41(3):59-61. Abstract.

Veillon, C., K.Y. Patterson and N.A. Bryden. 1982. Direct determination of chromium in
human urine by electrothermal atomic absorption spectrometry. Analytica Chimica
Acta, 136:233-241.

Veneman, P.LM., J.R. Murray and J.H. Baker. 1983. Spatial distribution of pesticide
residues in a former apple orchard. Journal of Environmental Quality, 12(1):101-
104.

Versieck, J., J. De Rudder, J. Hoste, F. Barbier, G. Lemey and L Vanballenberghe. 1979.
Determination of the serum chromium concentration in healthy individuals by
neutron activation analysis. In: Shapcott, D. and J. Hubert (eds). Chromium in
Nutrition and Metabolism. Elsevier/North-Holland Biomedical Press.

Versieck, J. and R. Cornelis. 1980. Normal levels of trace elements in human blood
plasma or serum. Analytica Chimica Acta, 116:217-254.

Vrijhof, H. 1985. Organotin compounds and international treaties on the pollution of
water by dangerous substances: black or grey list substances? The Science of the
Total Environment, 43:221-231.

Wadsworth, G.A. and J. Webber. 1977. Deposition of minerals and trace elements in
rainfall. In Ministry of Agriculture, Fisheries and Food (UK)(ed). Inorganic
Pollution and Agriculture. Reference book 326. Her Majesty's Stationery Office.
pp47-54.

Wagner, W.L 1976. Sources of arsenic, monitoring the workplace and problems involved.
Natl. Inst. Occup. Saf. Health, Bethesda, Md. 76-134 and 227-232 pp.

Wallach, S. 1985. Clinical and biochemical aspects of chromium deficiency. Journal of the
American College of Nutrition, 4:107-120.

Walton, K.C. 1988. Environmental fluoride and fluorosis in mammals. Mammal Review,
18(2):77-90.

9'ard, T.E., TJ. Logan, liI.R. Nlidgctt, R.K.M. 'ayanty. 1985. Field validation of EPA
proposed method 108 for measurement of inorganic arsenic emissions from
stationary sources. Journal of the Air Pollution Control Association, 35:822-827.



Warner, J.S. 1984. Occupational exposure to airborne nickel in producing and using
primary nickel products. In: Sunderman, F.W. et al (eds). Nickel in the Human
Environment: Proceedings of a Joint Symposium held at IARC, Lyon, France 8 - 11
March 1983. IARC Scientifi Publications No. 53.

Warner, J.E. 1989. Persistence, leaching, and bioavailability of CCA and
pentachlorophenol wood preservatives Interim Report 2. Dept. of Environ. Biol.,
Univ. of Guelph, Guelph, Ontario. 8pp.

Watling, H.R. 19S3. Accumulation of seven metals by Crassostrea eieas, Crassostrea
mari.aritacea. Perna terna, and Choromvti1us meridional is. Bulletin of
Environmental Contamination and Toxicology, 30:317-322.

Welinder, H., M. Iittorin, B. Gullberg and S. Skerfving. 19S3. Elimination of chromium
in urine after stainless steel welding. Scandinavian Journal of Work and
Environmental Health, 9:397-403.

WHO. 19SOa. IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals
to Humans: Some metals and metallic compounds. Volume 23. Switzerland:
International Agency for Research in Cancer.

WHO. 1980b. Environmental Health Criteria 15: Tin and Organotin Compounds - a
preliminary review. World Health Organization, Geneva.

WHO. 1981. Environmental Health Criteria 18: Arsenic. World Health Organization,
Geneva.

9 HO. 1982. IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals
to Humans. Some aromatic amines, anthraquinones and nitroso compounds, and
inorganic fluorides used in drinking-water and dental preparations. Volume 27.
Switzerland: International Agency for Research on Cancer.

O'HO. 1984a. Environmental Health Criteria 36: Fluorine and Fluorides. World Health
Organization, Geneva.

WHO. 1984b. Guidelines for Drinking-Water Quality. Vol. 2: Health Criteria and Other
Supporting Information. World Health Organization, Geneva.

WHO. 1988. Environmental Health Criteria 61: Chromium. World Health Organization,
Geneva.

Wiemeyer. S.N., S.K. Schmeling and A. Anderson. 1987. Environmental pollutant and
necropsy data for ospreys froni the Eastern United States, 1975-1982. Journal of
Wildlife Diseases, 23(2):279-291.

9'iersma, D., 83. van Goor and N.G. van der Veen. 1986. Cadmium, lead, mercury, and
arsenic concentrations in crops and corresponding soils in th Netherlands. J. Agric.
Food Chem., 34:1067-1074.



Williams, D.R. and J.F, Bridges. 1984. Characterization of airborne emissions and

waterborne drainings associated with kiln drying of CCA-treated wood. American
Wood-Preservers'Association. 224-230 pp.

Willie, S.N., R.F Sturgeon and S.S. Berman. 1983. Determination of total chromium in

seawater by graphite furnace atomic absorption spectrometry. Analytical chemistry,

55:981-983.

Wilson, B.L, R.R. Schwarzer and N. Etonyeaku. 1986. The evaluation of heavy metals

(chromium, nickel, and cobalt) in the aqueous sediment surrounding a coal burning

generating plant. Journal of Environmental Science and Health, A21(8):791-808.

Wojeck, GA., H.N. Nigg, R.S. Braman, J.H. Stamper and R.L Rouseff. 1982. Worker

exposure to arsenic in Florida grapefruit spray operations. A. chives of

Environmental Contamination and Toxicology, 11:661-667.

Woolson, E.A. and I R. Gjovik. 1981. The valence state of arsenic on treated wood.

American Wood-Preservers'Association, vol. 77:15-22.

Woolson, E.A. 1983. Emisstons, cycling and effects of arsenic in soil ecosystems. In: B.A.

Fowler (ed). Biological and Environmental Effects of Arsenic. New York: Elsevier

Science Publishers.

Wotton, D.L 1979. A vegetation survey for arsenic trioxide deposition in the vicinity of
Poulin Tree Service Warehouse St. Pierre, Manitoba. Environmental Management
Division, Environmental Research and Development Branch. Manitoba, Department
of Mines, Natural Resources and Environment.

Xu, J. and I. Thornton. 1985. Arsenic in garden soils and vegetable crops in Cornwall:

implications to human health. In D.D. Hemphill (ed) Trace Substances in

Environmental health-XIX. Proceedings of the University of Missouri's 19th Annual

Conference on Trace Substances in Environmental Health. pp435-440.

Yamamoto, Y., K. Honda, H. Hidaka and R. Tatsukawa. 1987. Tissue distribution of

heavy metals in Weddell Seals (Leptonichotes weddellii). Marine Pollution Bulletin,

18(4):164-169.

Yamato, N. 1988. Concentrations and chemical species of arsenic in human urine and

hair. Bulletin of Environmental Contamination and Toxicology, 40:633-640.

Yemenicioglu, S., C. Sayda and I. Salihogiu. 1985. Distribution of tin in the northeastern
Mediterranean. In M. Herrmann. D. Kotzias and H. Parlar (eds) Environmental
Pollution and its Impact on Life in the Medit rranean Region. pp429-44~.

Zhang, X. 1986. The relationship between endemic diseases and trace elments in the

natural environment of Jilin province of China. In D.D. Hemphill (ed) Trace
Substances in Environmental Health-XX. Proceedings of the University of
Missouri's 20th Annual conference on Trace Substances in Environmental Health.

pp242-251.



Zober, A., K. Kick, K.H. Schaller, B. Schellmann and H. Valentin. 1984. "Normal values
of chromium and nickel in human lung-, kidney-, blood- and urine szmples.
Zentrablatt Fuer Baktenologie, Mikrobiologie und Hygiene Abt. 1 Orginale B,
179:80-95.



AAA-Env ironment Canada ( EC ) — Commer c i a 1 Chemi ca l s Dc cuments-AAA
( January 21. 1991) . From Barbara Elliott.

Environment Canada (EC) (June 1989) ~ Environmental Assessment of
the Canadian Te:;tile Industry, by Chen, E.C.. Chemical
Industries Division, Industrial Programs Branch, &:~ pp ~

Environment Canada (EC) (December 1987). Overview of the Canadian
Surface Finishing Industry: Status of the Industry and
Neasures f or Pc I lut ion Cc ntrol, by Chemical Industries
Di vis ic n, Environment Canada and J. E. Hanna Associates Inc .,

pp



Envircnment Canaaa iEC) — Mines Documents (Februarv 59 1991:
February 19. 1991 1 ~ &&a~ 51 I')9 I; ~ graf [QQI. 9&1ee (+~&~~

Envil c1nment Canada (EC ) . ". ( 1990— 1991 ) - Canadian Mines Handbook:
1990-91: Sme l t ing Plants and Ref incr i es in Canada „;:&: pp.

=nvironment Canada (EC) ( January 1991 ) . Draf t Overview c f
Smel ters and Ref incr ies, »:: pp.

Envirc nment Canada (EC) . ". (September 1990) . An Evaluat ic n c f
Emissicns of Canadian Environmental Protection Act (CEPA)Priority Substances from the Electrical Pcwer Sectcr, &::& pp ~

Environment Canada (EC) ".". (December 1984) . FCCU F'ar t icul ate
Study at Montreal East Refineries, »:; pp.

Environment Canada (EC) 1? ( January 1991) . News Release: F'crt
Hardy Ferrochromium Review Panel Report Highlights, »:: pp.

Environment Canada (EC) (1988) . Smel ter/Ref inery Balances c f PSL
Metals (Tonnes, 1988), »:; pp.

Environment Canada (EC) (May 1988) ~ Status Report on Water
Pc llution Control in the Canadian Metal Mining Industry
( 1 986 ),;.: &: pp ~

Environment Canada (EC) (August 1990) ~ Steel Industrv: Emissionfactors of heavy metals by point sources, ":; pp.
Envircnment Canada (EC) (May 1987) . Summary of Emissions of

Antimcny, Arsenic, Cadmium, Chrcmium, Ccpper, Lead,
Manganese, Mercury, and Nickel in Canada, :;:: pp.

Envircnment Canada (EC) ".. (December 1985). A Survev of Tl ace
Substances in Car1adian Oil Ref inery Wastewaters and Sludges

A Summary Report. »:: pp ~

Falcc nbr idge Limi ted ( 1990) . Falcc nbr idge 1990 Re:iew,;;:; pp.
GVRDLWMPSC Committee (April 1988) . Greater Vanccuver RegionalDistrict Liquid Waste Management Plan Scurce Contre I

Ccmmittee: Landfill Leachates Discharge, Volume I I: Appendi&:
E ~

INCO Limited (1989) . Nc tes Prepared for Mining Division, »:: pp.
NITEP (September 1985) ~ The National Incinerator Testing and

Evaluation F'rogram: Two-stage Combustion (Prince EdwardIsland), »:: pp.

NITEF'Septembe) 1986) ~ The Nati onal Inc inerator Test i ng and
Evaluaticn Program: Air F'c I lut ion Ccntrol Technolcgy,::&: pp.

NITEP (June 1988) . The National Incineratcr Testing and
Evaluation F'rogram: Environmental Characteri=ation c f Mass
Surning Incinerator Technr lcgy at Quebec City,:: . pp.

..ITEP (September 1989) . The National Incinerator Testing and
Evaluation Program: Characteri "ation cf Residues from a
Module Municipal Waste Incinerator with Lime-based Air
F'c I lution Control,;;: pp.



State-of — the-Art Nass &urninq Municipal Waste Incinel
(&urnabv.. B.C. ) .:::: pp.

NITEP (December 1986) . NITEF''hase I I — Testing of the FLA)::;T Air
Po l lut i on Contro l Technc lc gy at the C!uebec Ci ty Nunic ipal
Energy from Waste Facility: Assessment of Ash Contaminant
Leachab i li ty, »:: pp-

Ontaric Ninistry of the Environment (OME) (1987-1988) ~ NISA
Effluent Monitoring Regulation Sampling Results: Steel
Industry,:::: pp ~

Ontar ic Ministry c f the Environment (OME) (December 1988) . MISA
Thirty Seven Nunicipal Water Pol lution Control Plants F'ilc t
Monitoring Study: Volumes I and II, &:v pp.

Ontaric Ministry of the Environment (ONE) ( July 24, 1990) ~ News
Release of Resul ts c f the Second Biv Months c f NIBA
Mcnitoring Data for the Petroleum Refining Sector, »:: pp.

Ontar ic Ninistry of the Environment (OME) ?? (August 1988) ~

Orqanic and Inorqanic Emissions from a Fluid &ed Sewage
Sludge Incinerator at Duffin Creek: Water Pollution Contre l
F'lant, »: pp ~

Ontar i c Nini stry of the Environment (OME ) ".". ( August 1988) ~

Organic and Inorganic Emissions from a Fluid Bed Sewaqe
Sludge Incinerator at Highland Creek". Water F'c I lutior& Cc ntro1
F'l ant,:;&; pp.

Ontario Ninistry of the Environment (OME) ( Julv 1990) . Second
Repc r t on the Mc ni tor ing Data for the Petro leum& Ref ining
Sec tc r, &::; pp.

F'ACE (Nay 1983) . The Siqnif icance c f Trace Substances in
F'etroleum Industry Sludges Dispc sed of on Land: A Li terature
Sul vey q &i&: pp



MISA DOCUMENTS

On Friday, October 26, 1990, Abdul Kabir and Olga Kulikovsky visited Walter Suboch, P.Eng.

of the MOE in an attempt to obtain information on the discharge of nickel and chromium to the

environment for the years 1989 and 1990.

While we were unsuccessful at obtaining the desired documents, we were supplied with MISA

library publications, outlined below:

Date Title

From W. Suboch

1987/07 Environmental Contamn~ts in Petroleum Refinery Wastewaters: An

Assessment of Current Information and a Monitoring Approach

1988/01

/989'J'~-''
Estimation of Analytical Method Detection Limits (MDL)

Ontario Regulation 695/88 as amended to Ontario Regulation 533/89

under the Environmental Protection Act: Effluent Monitoring - General

1989/06 The Development Document for Effluent Monitoring Regulation for the

Iron and Steel Sector

From MISA Library

M984/11

Z987/04

Nanticoke Aquatic Environment 1968-1978

Contaminant concentrations in bottom sediments of the Sir Adam Beck

Power Reservoir and Niagara River Bar Dredgeate

987/11

1988/02

St. Clair River MISA pilot-site investigation: Volume 1- Part 1

St. Lawrence River Environmental Investigations - Volume 1

+988/02 St. Lawrence River Environmental Investigations - Volume 3

1988/06

1988/09

1988/11

Aquatic environment of Humber Bay

Severn Sound: Remedial Action Plan - Part 1

Development of a methodology for use of freshwater clams as biological

response system to monitor the nearshore environment of the lower great

lakes - Project 162
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J. Stuart Warner
Vice-President
Health Science Advisor

I416) 361.7666

March 18, 1992

Dr. Y. K. Chau
Rivers Research Branch
Canada Centre for Inland Waters
P.O. Box 5050
867 Lakeshore Road
Burlington, ON
L7R 4A6

Dear Dr. Chau:

In his letter of March 6th, Mr. MacLatchy expressed interest in four
reports dealing with environmental conditions around the Thompson smelter as
well as studies of how smelter emissions might be reduced. The requested
reports are enclosed herewith:

1. The Inco Thompson Environmental Program (1981)

2. Environmental Study for Thompson Open Pit (Sept. 1980)
Addendum to the 1980 Report (June 1982)

3. An Assessment for Air Pollutant Effects from a Nickel Smelter on Forest
Vegetation at Thompson, Manitoba (1977 and 1982)

4. Inco Limited Manitoba Division Smelter Emissions Abatement Project
(Dec. 1989)

Appendix I

Appendix II

Appendix III

Manitoba Regulations 165/88 and 181/88

Past Studies

Final Report from Canada-Manitoba Mineral
Development Agreement Project: To Develop Sulphur
Reducing Mineral Beneficiation Techniques and
Perform Sulphur Emission Tests at Inco Smelter,
Thompson, Manitoba, October 11, 1989

INTRO LIMITED P O. Box 44 Roval Trust Tovver. Toronto-Dominion Centre. Toronto. Canada M5K 1N4
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Appendix IV Hatch Associates Ltd. Project Report: Preliminary
Assessment of Roaster-Air Preheating, October 19/89

Appendix V Inco Limited, Copper Cliff Engineering: Manitoba
Division, Thompson Smelter Sulfur Abatement Costing
Options, December 1989

Appendix Vl Kenneth G. Aitken, Consultant, Sulfur Products for
Inco Limited, Thompson, Manitoba, August 1989

Appendix Vll Hatch Associates Ltd., Project Report: Inco Limited,
Thompson Smelter, Roast Reduction Smelting Study,
September 1989

Appendix Vill Production of Elemental Sulfur from Sulfur Dioxide

Appendix IX Alberta Sulfur Research Report: Process Screening
and Preliminary Testing of Methods for Recovery of
Sulphur from Sulphide Anodes Slimes, January 1989

Appendix X Kilborn Manitoba Limited: Capital Cost Study,
Sulphide Anode Slimes Incineration, September 1989

Please return the first item, The Inco Thompson Environmental Program
when you are finished with it. You are welcome to keep the other reports.

The set of reports dealing with the smelter emissions abatement project
contains cost and capital estimates. Inco therefore requests that you treat this
information as CONFIDENTIAI so long as it is in Environment Canada's
possession.

If you have any other soecific requests for information, please pass them
to me as soon as possible.

I have expressed concern that industry will not be permitted to
participate in the assessment of CEPA toxicity. We have repeatedly been
assured, however, that we will be able to see the raw material on exposures
and toxicology on which the assessment will be based. John MacLatchy wrote
that March 31st is the target for completing the first draft of the nickel
assessment. I presume this means you will have completed your data
collection by then.
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I would appreciate it if you would arrange to send me documents or at
least bibliographies describing the raw material for the assessment. With such
materials in hand, we might be able to be more useful. It is very difficult to help
someone when you don't know how much they know.

Sincerely,

encls.

xc(w/o encls): J. Macl ":chy
D. McBain
G. Marshall



J. Stuart Warner
Vice-President
Health Science Advisor

(416) 361.7866

March 19, 1992

Dr. Y. K. Chau
Rivers Research Branch
Canada Centre for Inland Waters
P.O. Box 5050
867 Lakeshore Road
Burlington, ON
L7R 4A6

Dear Dr. Chau:

The information in the enclosed reports is about the Sudbury area but it

is so dated that it may not be of any use to you. I would hope that you have
been able to obtain more modern data on environmental loadings of nickel
from the Ministries of Environment in Ontario and Manitoba.

Five of the reports deal with dustfall in the period 1976 through 1985.
Two other reports describe the content of relevant metals in soil and vegetation
from 1971 through 1978. One report compiles historic levels of nickel and
copper in Sudbury area waters. One large report prepared by United
Technology and Science reviews and comments on Inco's environmental
monitoring programs.

Please return all the attached reports when you have finished your
assessment of nickel.

I am expecting to receive some more current emissions data from our
Sudbury operations early next week. I will forward it immediately.

Sincerely,

ZK&.~~./ ~~',~ &x

atts(9)

xc(w/o atts): J. MacLatchy
D. McBain

INCO LIMITED P O. BOX 44 ROVa Truat TOWer. TOrpntO-DOminiOn Centre. TOrOntO. Canada MSK 1N4



REPORTS ENCLOSED

Correspondence B.J. Bell to Those Listed: Dust and Metal Fallout in the
Copper Cliff Area - 1985 (February 10, 1986)

2. Correspondence B.R. Dreisinger to Those Listed: Dust and Metal Fallout
in the Copper Cliff Area - 1984 (February 26, 1985)

3. Inco Metals Company, Dustfall Collection in the SudbuIy Area (1980),
M. Buchanan

4. Inco Metals Company, Dustfall Collection in the Sudbufy Area
(1978-1979), M. Buchanan & P.M. Bolger

5. Inco Metals Company, Dustfall Collection in the Sudbury Area
(1976-1977), P.M. Bolger & M. Buchanan

6. Inco Metals Company, The Degree and Extent of Heavy Metal Loadj'ng of
Soil and Vegetation in the Sudbufy Area as of 1978, B.R. Dreisinger

7. Inco Metals Company, Heavy Metal Content of Soil and Vegetation in the
SudbuIy Area, 1971-1977, B.R. Dreisinger & M. Buchanan

8. Correspondence B.R. Dreisinger to J.S.Warner: Historic Data on
Concentration of Metals in Sudbury Area Waters (July 11, 1980)

9. United Technology & Science Inc., A Review of Inco Ontario Division
Environmental Studies, May 30, 1979


