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ABSTRACT 

The National Institute for Occupational Safety and Health (NIOSH) conducted 
an industry-wide study of three different nickel processing operations. 
Since arsenic and crystalline silica were found in the plants surveyed 
and they have been implicated as either co-carcinogens for development 
of Tung cancer or as causative agents for fibrotic lung disease, exposures 
to these and other metals as well as nickel were evaluated~ 

The three types of facilities monitored were: 

Plant A - A nickel smelter which pyro-metallurgically converts a 
nickel oxide ore, mined on site, to a 50% - 60% ferro­
nickel a'lloy. 

Plant B - A nickel refinery which acid treats imported sulfide ore 
that are partially -roasted inthe"countries"uf origin to 
produce pure nickel and cobalt metal in the form of powder 
or briquettes. 

Plant C - An inorganic chemical plant which manufactures nickel 
salts and solutions using either pure nickel metal or 
nickel oxide as B ni~kelsource~ ,,·The chloride, sulfate, 
nitrate, acetate, and carbonate of nickel are the salts 
normally produced, usually as solids, although some 
solutions of the salts are also marketed. 

Almost all of the environmental concentrations of airborne nickel in these 
plants met the Occupational .Safety and Health Adminis'tration (OSHA) standard 
of 1 mg Ni/m3.Plant A was also in most cases, well below the current American 
Conference of Governmental Industrial Hygienists Threshold" Ltmit Values (ACGIH­
TLV) recommendations of 0.1 mg Ni/m3 . However, in none of the plants were 
exposures in the range of the NIOSH recommended standard of 0.015 mg/m3. 



DISCLAIMER 

Hention of company names or products does not constitute 
endorsement by the National Institute for Occupational 
Safety and Health. 

DHEVv' (NIOSH) Publication No. 78-178 
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ABSTRACT 

The National Institute for Occupational Safety and Health (NIOSH) conducted 
an industry-wide study of three different nickel processes operations. 
Since arsenic and crystalline silica were found in the plants surveyed 
and they have been implicated as either co-carcinogens for development 
of lung cancer or .as causative agents for fibrotic lung disease, exposures 
to these and other metals as well as nickel \·;rere evaluated. 

The three types of facilities monitored were: 

Plant A - A nickel smelter which pyro-metallurgically converts a 
nickel oxide ore, mined on site, to a 50% - 60% ferro­

. nickel alloy. 

Plant B - A nickel refinery which acid treats imported sulfide ores 
that are partially roasted in the countries of origin to 
produce pure nickel and cobalt metal in the form of powder 
or briquettes. 

Plant C - An inorganic chemical plant which manufactures nickel salts 
and solutions using either pure nickel metal or nickel oxide 
as a nickel source. The chloride, sulfate, nitrate, acet~te, 
and carbonate of nickel are the salts normally produced, 
usually as solids, although some solutions of the salts are 
also marketed. 

Almost all of the environmental concentrations of airborne nickel in these 
plants met the Occupational Safety and Health Administration (OSHA) standard 
of 1 mg Ni/m3 • Plant A was also in most cases, well below· the current Ameri­
can Conference of Governmental Industrial Hygienists Threshold Limit Values 
(ACGIH-TLV) recommendations of 0.1 mg Ni/m3 . However, in none of the plants 
were exposure in the range of the NIOSH recommended standard of 0.015 mg/m3 . 

Samples for free silica collected in the ferro-silicon and ore handling area 
indicated that airborne respirable silica was, with minor exceptions, below 
the curren.t OSHA standard. They were with minor exceptions above the NIOSH. 
recorrmended standard for respirable crystalline silica of 0.05 mg/ill3 , with 
the average exposure being approximately 0.058 mg/m3. 

Plants Band C though they essentially met the OSHA standard of 1 mg Ni/m3 
for nickel, have several operations where worker exposure levels exceeded 
the ACGIH-TLV of 0.1 mg Ni/m3 . These plants, with some effort, could be 
modified to meet the lm.ler ACGIH-TLV. HmoJever, in these plants the air 
level standard recommended by KIOSH (0.015 mg/m3) might require major changes 
in process and plant design. 
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INTRODUCTION 

In the preparation of the NIOSH criteria document for "inorganic nickel, it 
was found that although some documentation was available on the exposure of 
the industrial population to the insoluble forms of airborne nickel, no data 
existed that documented the exposure of this population to water soluble 
nickel compounds. These surveys were conducted in order to provide additional 
exposure information. 

. 
In the United States, exposures to insoluble nickel could be expected in 
the production of nickel alloys and in the smelting of nickel oxide to pro­
duce ferro-nickel alloy used in the manufacture of stainless steel. Expo­
sures to water soluble nickel would be expected in the processing of partial­
ly roasted nickel sulfide ores. These roasted ores are leached with acid 
and the nickel is then recovered from the leachate by hydrogenation. Other 
water soluble exposures occur in the. production of various nickel salts and 
their subsequent application in the electroplating and related industries. 

In order to obtain an overview of the exposures of American workers to nickel 
compounds (exclusive of nickel carbonyl), it was decided that ~urveys of the 
three facilities listed below would give an indication of the exposure of 
the industrial population of the United ~tates to airborne nickel. These 
facilities were: 

Nickel Production 
Plant Total Plant Population Population 

A A nickel smelter 450 390 
B A nickel refinery SOD 440 
C An inorganic chemical plant 250 40 

Surveys of these plants were started in October 1976 and completed in April 
"of 1977. 

1 



DESCRIPTION OF PROCESSES 

Nickel Smelting 

At Plant A, the crude nickel ore contains about 1.5% nickel \vith over 20% 
water content. This ore is transported from the mine to the smelter where 
it passes through drying, crushing, and calcining stages after which it is 
fused and reacted with molten ferro-silicon. This results in the formation 
of a ferro-nickel alloy with over 50% nickel content .. The ferro~silicon 
used in this process is produced by the reduction of quartz with coke and 
iron turnings in an electric furnace. Figure B-1 in Appendix B shows a 
detailed flow sheet of the process supplied by the company. 

Nickel Refining 

At Plant B, partly processed imported" ore (matte) containing Co, Cu and Ni 
is crushed and then reacted with the circuit electrolyte (a sulfuric acid 
solution from the copper tank house). The resultant solution is treated to 
remove iron and other impurities. After intricate chemical separations, 
copper is obtained by a hydrogenation process. Both nickel and 'cobalt are 
marketed in the form of a metal powder or. briquettes. AmmoniQm sulfate, 
a by-product of this process, is marketed as a fertilizer. Figure B-2 in 
Appendix B. shows a general process .flow sheet supplied by.the company. 

Inorganic Chemical Manufacturing 

At Plant C, nickel salts are produced. The process consists basically of 
reacting nickel metal or oxide with various acids (H2S04, HCl, RN03, and 
~~)' followed by cooling of the salt solution and the crystallization of 
the salt. The salts are usually centrifuged, and either packaged at this 
point, or dried and sometimes classified for uniform crystal· size prior to 
packaging. This process applies, in general, to the manufacture of all 
soluble nickel salts. Figure B-3 in Appendix B shows a typical flow diagram 
for the manufacture of these salts. 

Nickel carbonate is also produced at Plant C. This is accomplished by the 
addition of a sodium carbonate solution to a nickel sulfate solution. The 
precipitated nickel carbonate is filtered and washed on a rotary filter, 
dried, crushed, screened, and bagged. In addition to nickel salt crystals 
and nickel carbonate, nickel solutions are also made up and marketed to 
the plating industry. 
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SURVEY METHODS 

Personal air samples for exposure to metals were collected at all three 
plants on 0.8 ~m pore size, 37.mm mixed cellulose ester fiber filters 
by draw·ing air through the filter at a rate of 2.0 liters per minute \.,ith 
a MSA Model G pump. 

The pump is worn on the worker's belt and the filter is held in place by a 
clamp on the worker's coliar. At Plant A, the personal samples 'collected 
were analyzed for nickel, cobalt, copper, lead, and chromium. These analyses 
were all performed on the same filter by atomic absorption spectroscopy. 
In addition, at Plant A, general area samples for arsenic were collected 
since it was suspected that the ore might contain arsenic, which is a 
carcinogen. These samples were collected over approximately a full shift, 
using th~ same equipment employed fo~ the collection of personal samples. 

At Plant B, the company made available its environmental data which consisted 
of air sampling data (both general area and personal), which give exposures 
levels to airborne nickel. The samples were collected using the same methodo­
logy·employed by NIOSH. At Plant C; the personal air samples collected were 
analyzed for nickel, cobalt, manganese, and zinc utilizing the same methodo­
logy as described under Plant A. 

3 



SURVEY RESULTS 

Plant A 

Of the 78 personal samples collected at this plant (see Tables A-I and A-2) 
analyses indicated that the highest exposure level to nickel was 0.42 mg/m3 -
and that the lowest exposure was 0.004 mg/m3. Five samples out of the 81 were 
above 0.100 mg/m3 (ACGIH-TLV), and 18 samples were above 0.015 mg/m3 (NIOSH 
recommended level). The average of all the nickel air, samples w~s 0.030 mg/m3 • 

Analyses for cobalt, copper, and lead fell between 0.001 mg/m3 and 0.010 
mg/m3, all of which are below the current recommended standards. Chromium 
equalled or, in several areas, exceeded the NIOSH recommended standard of 
0.001 mg/m3. 

The results of the 30 personal samples analyzed for respirable free silica 
showed only three samples to be above the current OSHA standard. These were 
all associated with the operation of the ferro-silicon furnace. Only three 
of these samples were below the recommended NIOSH standard of 0 .. 05 mg/m3. 

The results of the general area samples collected in nine areas of the plant 
and analyzed for arsenic showed less than the detectable limit of 0.1 micro­
grams on the filter in all cases. Details of the monitoring and analytical 
data for metals are shovffi in Appendix A, Tables A~2 and A-3 and results of 
analyses for free silica are in Appendix A, Table 4. The table below indi­
cates She range of airborne nickel in trace metals. 

Airborne Nickel and Trace Metals, mg/m3 
78 Samples 

Nickel Cobalt 

Range 0.004-0.420· 0.002-0.007 

Average 0.030 0.002 

Plant B 

Copper 

0.001-0.014 

0.002 

Chromi.um 

0.004-0.013 0.001-0.008 

0.006 0.002 

At this plant no air samples were collected by NIOSH, but air samples collect­
ed routinely by the company for nickel dust were obtained. These consisted 
of personal air samples and general area samples for airborne nickel. Per­
sonal samples on the matte storage operator, skip hoist operator, and payload 
operator taken over the period 7/75 - 12/75 (Appendix A, Table A-5 and A-6) 
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indicated exposures to nickel ranged from 0.1 mg/m3 to 0.60 mg/m3 (current 
OSHA standard for Ni is 1 mg/m3 and NIOSH recommended standard is 0.015 
mg/m3). Samples taken in- the powder washing, packaging, and briquetting 
areas ranged as follows: 

No. of Samples 

Range 

Average 

Plant C 

Nickel Dust, mg/m3 

Povlder Washing 

5 

0.15-4.54 

1. 24 

Packaging 

12 

0.05-2.51 

0.54 

Briquetting 

5 

0.1-12.9 . 
4.84 

At this facility 29 employees out of approximately 33 employees working in 
the soluble nickel operation were monitoTIed. These samples were analyzed for 
cobalt, manganese, and zinc, in addition to nickel. As sho\~ in the table 
below, they show significant exposure only to nickel. 

Range ... 

Average 

Airborne Nickel and Trace Hetals,. mg/m3 
29 Samples 

Nickel 

0.009-2.7S0 

0.244 

Cobalt 

<0.001-0.012 

0.002 

Manganese 

<0.001-0.096 

0.005 

Zinc 

<0.005 

<0.005 

Complete details of monitoring and analytical data are shown in Appendix A, 
Tables A-7, A-S, A-9 and A-10. 
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C;:0NCLUSIONS 

Results of exposures to nickel in various forms in the three plants show that 
at Plant A, which is a smelting operation producing ferro-nickel alloy, expo­
sure of personnel to airborne nickel is below the current OSF~ standard of 1 
mg/m3 and, for the most part, below the ACGIH-TLV of 0.1 mg/m3• With some 
modification of operations, the exposure levels of personnel could meet the 
proposed NIOSH standard of 0.015 mg/m3. 

Plant B, which recovers nickel, cobalt, and copper from imported ore by a wet 
process, has airborne exposures to nickel which run considerably higher than 
in Plant A, and in a few instances up to ten times the current OSHA standard. 
Work in revamping the ventilation system for the briquetting operation has 
nm" been completed. 

This work, designed to reduce high airborne nickel levels to 0.100 mg/m3 (the 
ACGIH-TLV level) would require further modification to reduce exposures to 
the proposed NIOSH standard. 

Plant C, a chemical plant where nickel inorganic salts are produced, essen­
tially met the current OSHA standard of 1 mg/m3 , and with some effort could 
be modified to meet the ACGIH-TLV of 0.100 mg/m3. Considerable effort will 
be necessary to reduce exposures t~ the proposed NIOSH standard. 

Other potential exposures in the plants cons'ist of noise and free silica in 
Plant A; and noise, sulfuric acid mist, and 'radiation from beta gauge sources 
i~ Plant B. All of these are either under control or are being worked on. 
Plant C has problems with the nickel carbonate bagging operation which was 
n~t in operation at the time of the survey, but which was apparently a 
dusty operation judging from condition of the equipment, walls, and floors 
'of the area where the bagging was done. 

Though i.n gene:raJ. aJ.J, three plants surveyed currently meet th€ OS11'..1\ standard 
of 1 mg Ni/m3 , the amount of effort that would be required to meet the pro­
posed NIOSH nickel standard of 0.015 mg/m3 will vary with each plant. Plant 
A, which handles only insoluble nickel material had concentrations about two 
times the proposed NIOSH standard, but should be able to meet it. Plant B, 
which handles nickel solutions, as well as ,nickel powder, will require a 
greater effort to contain process materials so they will not become airborne. 
Plant C, an old plant founded in 1900, may require considerable effort in up­
grading its facility, and some process equipment may need to be modified or 
replaced if they are to meet the proposed NIOSH standard. 
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Job Title 

Stacker Operator 

Loader Operator 

Crusher Operator 

Dryer Operator 

Dryer Helper 

Calciner Operator 

Calciner Helper 

Skull Driller 

Stacker Operator Fe-Si 

Cr~~her Operator Fe-Si 

Furnace Charger Fe-Si 

Furnace Feeder Fe-Si 

Furnace Tapper Fe-Si 

Tapper Helper 

Furnace Operator Fe-Si 

Appendix C. Job Dictionary 

Table C-I 
Plant A. Job Dictionary 

Work Description 

Operates· are stacker 

Loads are onto trucks 

Operates crushing and sampling systems to 
screen, reject, sample, crush, and store 
or~ 

Operates rotary dryers 

Assists in the operation of rotary dryers 

Operates calcining kilns 

Assists the calcining operator 

Operates skull drill to clean ladles 

Feeds ferro-silicon furnace 

Breaks up ferro-silicon 

Charges electric furnace with materials to 
produce ferrq-silicon 

Keeps changing bins full of ferro- silicon 
materials 

To tap electric furnace in production of 
ferro-silicon 

Assists tappers in his duties in the pro­
duction of ferro-silicon 

Operates ferro-silicon furnace 
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Melter'Smelter Helper 

Smelter Helper (belt) 

Crane Operator 

Crane Chaser 

Slag Handler 

Mixer Operator 
(ladle mixer operator) 

Refinery Furnace Operator 

Refinery Furnace Helper 

Pig Dock Leadman 

Fork Lift Operator Pig Deck 

Pig Datk Stacker-Laborer 

Welder .. 
Can Ifelder 

Mlilwright Welder 

Millwright Oiler 

Millwright 

Machinist 

Utility Man 

Plant Clean-up Man 

Sweeper Operator 

Tends, inspects and helps to maintain slag 
belts 

Tends, inspects and helps to maintain slag 
belts 

Operates overhead crane 

Hooks for overhead crane and directs operator 
to prepare destination 

Operates slag granulator 

P~~rs melting furnace and operates the ladle 
mixer 

Oper~tes two refining furnaces in the refin­
ing and casting of ferro nickel 

Assists the operator. 

Directs lift truck operator and pig deck­
laborers in the handling, shipping or 
storing of ferro-ni~kel pigs 

Operates fork lift truck 

Stacks ferro-nickel pigs and related duties 

Does welding 

Welds cans 

Does maintenance welding 

Oils machinery 

Repairs machinery 

Lays. out work and operates machine tools 

Does miscellaneous jobs as directed 

Sweeps and cleans floors in the plant 

Operates mechanical sweeper 
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Table C-2. 

Plant B, Job titles of operators 

, 
Jobs fall into four general categories with sub-classification as indicated: 

(1) Production Operation Personnel - Operates chemical process equipment 

(a) Supervisor 

(b) Operator 

(2) Maintenance Personnel - Repairs chemical processing equipment 

(a) Supervisor 

(b) Operator 

(3) Warehouse Personnel Stores and issues raw material and finished 
products 

(4) 
'. 

(a) Supervisor 

(b) Material Handler - Laborer 

~c) Clerks and Expeditors 

Laboratory Personnel - Performs analytical control on intermediate and 
finished products_ 

(a) Supervisor 

(b) Chemist 

(c) Technician 
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Table C-3. Plant C, job' titles of operators* 

Process Helper 
Process Operator 
Chief Operator-Leadmqn 

*The jobs are essentially all the same and titles 
are in three categories, arrived at by seniority 
rather than by differences in duties. 
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