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ABSTRACT

An indepth cantrol technology survey of the lead ore bemeficiation flotation
process and reagent handling area was conducted at the Cominco American
Magmont mill 1o Bixby, Missourl. The flotation process beneficiates over 4600
tons per day of a complex sulfide ore containing an average of seven per cent
lead. The lead flotation circuit, using a variety of reagent additions,
selectively floats the galena mineral from other minerals to abtain a desired
lead concentrate grade and lead recovery. The tougher, scavenger, cleaner, ~
and recleaner flotation cells and reagent area were studied. The primary
airborne hazards were lead, cvanide, end carbon disgulfide {xanthate
decomposition product),

The Iindepth study conslsted of the assessment of the use of a starch mixing
tank ventilation system, covered recleaner, xocugher, and scavenger and
partially-covered cleaner flotation cells, the uge of a "water spike™ in the
reagent handling area, and the uee of a centralized flotation process control
room. Envirommental concentration results indicated the cleaner and recleaner
cell covers were ineffective, the rougher and scavenger cell covers were
woderately aeffective, and the "water apike”, mixing tank ventilation system
and centralized control room were effective in contrelling airborne
concentrations of the primary hazards.



INTRODUCTICN

The Engineering Control Technology Branch of the Division cof Physical Sciences
and Engineering, NIOSH, ig conducting a research study to assess and document
control methods for minimizing worker exposure to harmful substances,
operations, and processes in the bepeficiation of galena and carussite (lead)
ore industry. Exposure to a number of substances used in the beneficiation of
lead ore way lead to a varlety of health problems. These substances include
lead and flotation reagents {cyanide, xanthate, nulsance dusts}. !
The lead flotatlon pracess in this lead ore beneficiation facility was
surveyed to evaluate the effectiveness of the following health contrels:

1. The use of a starch mixing tank ventilation system equipped with a
polypropyline lined dump chute to minimize the quantity of total dust
escaping inte the general work area atmosphers (Figure 7).

2. Rougher, scavenger, and recleaner flotation cell covers and partial
¢leaner cell covers to minimize the quantity of mist escaping into
the general work area atmosphere (Figure 3).

3. The use of a "water spike” in the reagent handling area to empty
drums of cyanide and xanthate (Figures 4, 5 and 6).

4. The use of an isolated, enclosed, air-conditioned flotation cell
eontrol room where the operators can control the process away from
the general work area atmosgphere (Figure 1},

Lead ore bemeficiation operations started in 1968 at Cominco American, Inc.'s
Mapment operation. An average of 4600 tons of ore, averaging saven per cent
lead, is processed per day, The lead flotation process includes four banks of
flotation cells with each bank consisting of eleven cells. The first six
cells in each bank ate rougher cells and the last five in each bank are
scavenger celle., The first stage of cleaning consists of five flotation cells
and the second or recleazner stage consists of s5ix cells. The floor plan of
the flotation process, reagent area, and related equipment and facilities is
shown in Figure 1. The mill operates five days per week, 24 hours per day, to
produce lead, copper, and zinc concentrates. Of the totel 200 employees at
the Magmont operation, 26 are employed in the mill, 30 of the 60 maintenance
enmployee crew work on the surface, with the remasining employees being
underground, office and staff perscnnel. The mill or beneficiatdon cperetions
and supporting functione are housed in a four—story sheet metel building
containing approximately BO,000 square feet of floor space.

PROCESS DESCRIPTION

Once the ore is skipped to the surface it is dumped frow the akip into the
coarse—ore bin. The coarse-ore bin is located above the crusker building
(Figure 2).
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Thexre are two stages of crushing om the surface. A variable speed apron
feeder controls the ore flow from the coarse—ore bin to a 5 1/2 foot standard
cone secondatry crusher set at about 2 1/2 Inch. The ore then passes to a
7-foot short—head tertilary crusher set at 3/4 inch,

Digcharge from this crusher is conveyed to two 2000-ten Eine-ore bing fed by a
reversible shuttle belt. The shuttle belt is wheel-mouuted on rails so that
it can be meved to a forward position to discharge crushed waste, or stockpile
ore, outslide the plant. -

Because of fluctuations in ore composition and as protection agaiast
production stoppages, two grinding circults are installed. Eeach circuit
conslets of a 9 1/2 by 12 foot rod mill and a 10 1/2 by 12 foot ball mill.
The rod mills are in open circuit while the ball miils are in closed circuit
with 20-inch cyelone classifiers. Mill steel consumption is (.153 pounds of
J-inch rods and 0,234 pounds of 2-inch balls per ton of mill feed,

Each fine-ore bin has two slot feeders, onme tao each grinding circuit. One of
the feeder belts te each circuit is adjusted manually while the other is
static controlled from the belt scales, TIn practice, one belt feeds at a
constant speed while the other floats to maintain the preset tonnage.

There are three cyclones far each grindiong circuit with two normally in use
and the third as a atand-by. The cyclones are mounted 30 degreeas from
horizontal and are pregsurized at about 4 1/2 psi from & steady-head tank.
The steady-head tank compensates for feed variations as well as assuring
dezeration without requiring precise pump-speed control. The cyclone
cverflows are pumped to the flotation cirecuit through vertical plpes equipped
with radiation density gaupes.

The sglurries from the two grinding cirecuits are combined and then distributed
inta four rows, sach row comtaining 11 flotatien machines. The galena and
chalcopyrite are floated together in a bulk concentrate, The eleven 6l cubic
foot ecelle 1n each row are divided into six raughers and filve scavengers.
Concentrate g then pumped to an 1l1-cell cleaner circuit, The bulk
concentrate is cleaned once or twice, depending on the throughput quantity.
The cleaner tails and scavenger concentrates are returned to the distributor
ahead of the rougher circuits, The rougher, scavenger, and recleaner cells
are equipped with full cell covers and the cleaner cells are equipped with
partial covers to minimize the quantity of mist esceping lnte the general work
area atmosphere (Figure 3},

The cleanad bulk concentrstes are then fed to the copper separation circuit.
They are treaeted with sulfur di{oxide and starch to depress the palena, aad the
chalcopyrite 1s floated in four 130 cubic foot cells, The tajlings from these
cells is the final lead concentrate and is pumped to the lead thickener, The
copper~bearing froth is cleaned four times to produce the final copper
concentrate. The cleaner tailings are returned to the copper circuit feed.

The tailings from all four rows of copper-lead scavenger machines go to a 1200
cubic foot final scavenger flotation machine, The tallings from the scavenger
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cell go to the ziac conditioner and then are distributed to three rows of 61
cuble foot flotatlon machines. The froth from the six roughers in each row
goes to one stage of cleaning then to a zine regrind cireuit to produce the
finel zloc concentrate. The feed consumptien in the regyrind wmill is 0,015
pounds of l=inch balls per ton of mill feed. The concentrate from the
scavengers returns to the zinc conditicner,

lLead concentrate 1s thickened in a 60-foot diameter thickener. Copper and
zinc concentrates are thickened in 35-foot diameter thickeners. The rakes ~
rise automatically when thrust exceeds the set amount, but must be lowered
mandally by the reversible motors on the 1ifting mechanisms. The thickener
tanks are supported on concrete columns and lecated outside of the mill
building.

Lead concentrate 1s Filtered on two 8-foot diameter by 12-fact lang drum
filters. Zinc and copper concentrates ere filtered on 8 by 8 foot drum
filters.

Cake moistures are satisfactory In beth zimc and copper concentrates, usually
8 to 10 percent. The lead concentrate is sticky unless a filter aid is used.
Aerodri 104, a surface tension modifier, is used in the lead filters at the
rate of 0.8 teo 0.9 pound per ton of ceoncentrate. This lowers the cake
moisture by 2 to 3 per cent which gives z firal moisture of 6.5 to 8.5 per
cent.

Concentrates are conveyed by belts to a concentrate-storage building that is
partitioned for the three concentrates. A combination truck and railroad
scale ig in front of the leading dock, and trucks cor rail cars are loaded by a
front-end loader to the desirad weight as shown by a digital display.

Most of the lead concentrates are hauled ta a smelter one~half mile away by
truck, Other concentrates are shipped in open gondola rail cars. All controel
cperaticns for the grinding and flotation eircuits are performed from a
centralized control room loczated between the grinding and flotation sections
(Figure 1).

The Magmont Mine uses a variety of reagents in the flotation process to
recover the valuvable minerals. These reagents are prepared io the reagent
area where a "water spike,” is used in the emptying of xanthate and cyanide
drums (Figure 4, 5, and 6} and a ventllated mixing tank Is5 used for mixing
starch (Figure 7). These reagents have varying degrees of hazard potential.
They are stored in the mill, The following 1s a list of thege reagents with
their functions and approxzimate usage:

Potassiuym Amyl Xanthate — Promoter for copper, lead and zinc sulfide
minerals., Approximate usage: 150,000 1bs./yr. Storage container: 300
1b. /bbl.

Frothers (MIBC and Dowfroth 250) — Frothing agents used to create stable
bubbles capable of carrylng the sulfide mineral to the surface. Approzimate
usage! 20,000 1bs/yr, Storage contaimer: MIBC 371 lbs./bbl. Dowfroth 250 -
450 lbs./bbl.
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Sodium Cyanide - Depressant for iron sulfide mineralg, Appreximate usage:
20,000 1bs,/yr. Storage contalner: 200 1bs./bbl,

Zinc Sulfate = Depressant for sphalerite. Approximate usage: 65,000
1bs/yr. Storage contaimer: Bulk tank 20 tons,

Starch — A deprassant used to control glime lead in the copper-lead
separation. Approximate usage: 150,000 1bs./yr. Storage container: 100
1bs./bag. o

Sulfur Dioxide - Used in copper-lead separation. Copper activator and lead
depressant. Approximately usage: 1,000,000 1bs,/yr. Storage container:
Rulk tank 80 tons.

Sodium Bichromate — A depressant of lead used in the copper cleaners.
Approximate usage: 70,000 lbs./yr. Storage container: 100 1bs,/bag.,

Caustic Soda — A dispersant used for preparation of the starch in the
copper-lead separation. Approximate usage: 50,000 lbs./yr. Storage
container: 3500 1bs,/bhbl,

Sulfurie Acid - A leaching agent to remove dolomite from the copper—laad
concentrate. Approximate usage: 900,000 1bs./yr. Storage contalner: Bulk
tank 25 tons.

Lime = pH tegulater used in the copper-lead circult and zine circuit,
Approximate usage: 350,000 lbs./yr. Storage container: Bulk tank 30 tons.

Copper Sulfate — Activator of sphalerite used in the zipc clrecuit.
Approximate usage: 250,000 lba./yr. Storage container: Bulk tank 20 tons.

Alkyl Sulfonate (Aerodri 104) — A drying aid used to control! the moisture

content ¢f the concentrates. Approximate usage: 90,000 lbs./yr. Storage
conteiner: 450 1bs./bbl,

Scdium Aeroflcat - Secondary promoter for sphalerite in ziane eilrecuit.
Approximate usage: 4,000 1bs,/yr. Storage container: 525 1bs,/bbl.

HAZARD ANALYSIS

The primary hazards from the lead fletatlon procees are lead and mill reagents
{xanthates, cyanide, and nuisance dusts, e.g., lime and starch). These
substances may be present in the air due to the generation of mist and
particulates from the flotation cells and reagent mixing operatioa. Workers
also come in contact with the substances when handllng reagent contalners and
performing malntenance and monitoring responeibilities associlated with the
flotation process.
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The following information i1s excerpted from the NIOSH/QSHA Occupational Health
Guidelines for Chemical Hazards and the NIQSH Mining Information Bulletin on
Mill Reagents. There is no attempt here to present all known data but merely
some pertinent information in summary form. If more Information is desired,
the reader should refer to the specific health guideline and bulletin
raferanced.

LEAD 7

Althouph lead may occur in such forms as lead ozide, lead sulfide, and lead
carbonate, this study is primarily concerned with the tetal lead exposure,

The 1980 American Conference of Governmental Industrial Hygienists Thresholid
Limit Value gTLV) and MSHA standard for inorganic lead fumes and dust exposure
is 0.15 mg/m~, Time-Welghted Average (TWA), or 0.45 mgfm. Short Term

Exposure leit {8TEL}. The NIOSH recommended standard is 0.10 mg/m3 TWA.

Lead enters the body primarily by inhalatlion of lead dust, fume, or mist.
Another important route of entry is by ingestion through hand*to*mouth
contact. Three types of intoxication as a result of exposure to lead or its
compounda are alimentary, neuro-muscular, and encephalic.

Alimentary is the most common type. Symptoms include abdominal discomfort or
pain, or colic in severe cases. Other complaints include constipation and/or
diarrhea, logs of appetite, metallic taste, nausea and vomiting, lassitude,
insomnla, weakness, Jjoiont and muscle paips, irritability, headache, and
dizziness, Signs Include pallor, lead line on the gums, pyorrhea, loss of
weight, abdominal tenderness, basophilic stippling, anemia, slight
albuminuria, Increazed urinary excretion, and zn increase in whole blood lead
content., Weakness, especially of wrist aod hand exteonsor wuscles, Is Lhe
chief indicatien of the neuromuscular type. These are often termed "wrist
drop” or "foot drop” when progressing to a palsy. Other sympteoms of the
alimentary type are generally present, and joint and muscle pains are more
severe, Headache, dizziness, and insomnia are additiomal symptoms. Paralysis
rarely occursg. Encephalic is the most savere but rarest type of lead
Intoxication, It is the result of rapid and heavy lead uptake. Inhalation
followed by selective concentraticen in the central nervous system causes this
type. Symptoms loclude abrapt stupor, headache, dizziness, and insomnia.
Coma after the initial stupor often terminates in death, with or without
convulsions. Signs include possible excitation, confusion, mania, or
sonnolence. Cerebrospinal pressure may increase,

XANTHATES (Carbon Disulfide)

At present there is no MSHA standard regulating occupational exposure ta
xanthate compounds. An exposure limit does exist for carbon djisulfide, which
is a xanthate decomp031tion product and a chemical used in xanthate
production, of 60 mgfm which 18 equal to 20 ppm, This standard has a skin
notatlion, NIDSH has recommenided that the permiselble exposure limit be
reduced to 3 mgfm or 1 ppm averaged over a workshift of up to 1C hours per
day, 40 hours per week, with & ceiling of 10 ppm averaged over a 15-minute
period. This recommendation was developed by applying a safety factor to the
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lowest level of exposure shown to cause cardiovascular disecrders (31

mgfm3). 4 safety factor was used because coronary heart disease frequently
regulte in sudden death. Carbon disulfide has been classified as a central
nervous system depressant, neurctoxin, hepatoxin, nephrotoxin, and primary
irritant of the skin. Massive, sheri—term exposure to concentrations of about
10,0060 mg/m3 can cause hyperacute polaoning characterized by rapid falling
iato coma, and eventually death, Acute and subacute polscening is associeted
with short—term exposure to concentratiomns of 3,000 - 5,000 mg/m3
accompanied by predominantly psychiatric and neurolegicel symptoms such as
extreme irritability, uncontrolled anger, rapid mood changes, euphoria,
hallucinations, parancic and suicidal tendencles, and manic delirium,
Exposure can effect the central and peripheral merveus systems and vesult in
damage to the cranial nerves and development of peripheral neuropachy with
parethesis and musele weakness 1o the extremities, umsteady gatt, and
dysphagla, In extreme caseg of intoxication, a Parkinson-like syndrome may
result, characterized by speech disturbances, muscle spasticity, tremor,
memery loss, and mental depression, Other reported effecta of exposure to
carbon disulfide are ocular changes, gastrointestinal disturbances, renal
impairment, and liver damage. Algo, overexposure to carbon disulfide has been
regarded as potentially atherogenic for cerebral, renal, and coronary arteries
and that long-term exposure can cause coronary heart disease,

-

CYANTDE

MSHA'e2 occupational exposure limit for cyanide is 5 mg!m3 of air averaged
over an eight-hour workshift with a skin notation, WNIOSH has recommended that
the permissible exposvre limit be changed to a ceiling of 5 mgfm3 averaged
over a lO-minute peried. This change was recommended to prevent allowable
cyanide exposure to higher concentrations for short periods of time.

Cyanide salts are rapldly acting poisons. When released in the body, the
cyanide icn is capable of inhibiting certain metsbolic systems, most notably
cytechrome oxidase. Cytachrome oxidese is present in all cells that function
under aerobic conditiens. Inhibition of this enzyme by the cyanide ion can
result in chemical asphyxia at the cellular level, A worker dying of cyanide
expeosure will have venous blood bright red in color because oxygen remains
unabaorbed from the capillaries. The signs and symptoms of cyanide poisoning
appear shortly after exposure. The warning signs ipclude dizzipess, headache,
rapid pulse, nausea, vomiting, and bloodshot eyes. 1If large amcunts of
cyanide have been absorbed, collapse is usually Instantanecus; the worker will
become unconscicus, often with convulsicns, and die almost lmmediately.
Chronic exposure to cyanide at levels Insufficient te produce clinical effects
has caused dermatitis, itching, scarlet rash, papules, and nasal irritatiomn.

Temporal aspects of potential exposure are important. Clearly, the longer an
Individual is exposed to a substance, the greater the consequences may be.
For some agents, the net effect can be lesseped by intervening periods of
reduced exposure; while for others, the doses are cumulative and the effects
may be irreversible, Appropriately, some exposure criterfa are average
concentrations currently considered acceptable for lifetime occupaticonal
expasure, while others are maximum levels allowable anly for short perilods of
tlme or ceiling values nok to be exceeded, even inatantaneously.
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Likewise, the physical arrengement of the beneficiatlon facilities cannot be
ignored. Although the primary concern is for the workferce directly lavolved
with the process of laoterest, other emplovees In adjacent areas may alsec be
affectad. The size of rooms, the locatlon of various processes, the persconnel
distribution and traffic petterns in the building, the heating and ventilation
eirflpw throughaut the building, and other factors all may affect each
person's occupational enviromment.

On the plus side, a number of control measures are available to reduce the ~
worker's exposure. Less hazardous agents may be substituted with no decrement
in performance in many cases. A procegs change, or simply a different method
of application, may be more efficient as well as less hazardous. Physical
barriers between the worker and the process may be economically included in
automation modifications. Systems to remove much of the contaminant at the
source of generation may he engineered for exlsting equipment. Warlt schedules
may be vearranged to lessen the time spent 1n areas of high concentration
without decreasing productivity. These are but a few of the techniques which
may be applied for the right blend of economy and effectiveness of comtrol,
and it 1s the goal of this preject to compile and dissemlnate infermation on
thelr implementation so that this contrel technology becomes an lntegral part
of technology development.

BEVALUATICON

To determine the effectivences of the controls used in thig lead ore
beneficiation operation, personal and area air semples were collected for the
duration of three workshifts in two days. Breathing zone samples for lead
waere collected on the Sampler, Mi1l Operator, Assistant Mill Operator, and
Mill Helper and for cyanide and carbon disulfide on the Reagent Operator,
These workers were Ia thelr respective work areas except during lunch and
occasicnal shorc breaks. Breathing zone perscnal samples were clipped to the
collar, on the front side of the work shirt. This placed them in the
breathing zone, only a few inches below the face, In a manner ec as not to
interfere with the workers activities. Aree samples were placed at fixed
locations around the rougher, scavenger, recleaper and cleaner flotation
cella, ia the general flotation area, 1n the reagent area, in the contrel
room, and in the assay raom. All but a few reoom alr samples were positicned
close to the edge of the tanks, above the launders,

Personal and area samples for lead and particulate cyanide and area samples
for total dust were collected using closed—face cassettes with 37 mm
polyvinylchloride membrane filters of 5 um pore size and MBA Model & personal
punps operated at a flow rate of 2 liters of alr per minute. These samples
were analyzed for lead by atomlc absorption spectroscopy using NIOSH Methad
No. 5341 {modified), particulate cyanide by direct potentlometry uesing a
eyanide ion—selective electrode essentially following NIOSH Method Na, §-250,
and total nuisance dusts by the gravimetric method. Perscnal and area samples
for carbon disulfide were collected using charcoal tubes, preceded by
pre~filter dryer tubes, and Dupont P-Z00 pumps operated at a flow rate of 50
ce of alr per mimmte. These samples were analyzed for carbon disulfide by gas
chromatography using NIOSH Method 5-248 (modified).
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AIR SAMPLING EESULTS

Personal sampling results for lead, carbon disulfide, and cyanide are shown in
Table 1, Mean concentrations for all personal samples were 0,158 mg/m for
lead, 1,31 mgfm for carbon disulfide, and 0.007 mg/m for cvanide.

Flotation ¢ell, reagent area and general area sampling sites are shown in
Figures 8, 9, and 10,

The Sampler employee working in the sample room and collecting samples from"
various locatiouns throughnut the beneficiation operation had an average lead
exposure of 0,136 mg{m for the two shifts sampled This concentration is

91 per cent of the MSHA_Standard of O.15 mgfm and 136 per cent of the NIGSH
recommended level of 0.1 mg/m3. The Mill Operator working in the control

room aud flotation cell area had an average lead exposure of 0,100 mg/m3 for
the three shifts sampled. This concentration is 67 per cent of the MSEA
Standazd and equal to the NTOSH recommended level. The Assisstant Mill
Operator working in the control reoom and flotation cell area had an average
lead exposure of 0,266 mg/m? for the two shifts sampled, This concentration
is 177 per cent of the MBHA Standard and 266 per cent of the NIOSH recommended
level, The Mill Helper working throughout the beneficiation operation had an
average lead exposure of 0.158 mgfm for the three shifts sampled. This
concentration i1s 105 per cent of the MSHA Standard and 158 per cent of the
NIOSH recommended level. The Reagent Operator wnrking in the reagent area had
an average carbon disulfide exposure of 1.31 mgfm and an average cyanide
exposure of 0,007 mg/m3 for the two shifts sampled, This concentration for
carbon disulfide is 2 per cent of the MSHA Standard and %44 per cent of the
NIOSH recommended level and for cyanide is less than 1 percent of the MSHA
Standard.

Adrea samples are shown in Table Z for lead collected near the rougher,
scavenger, cleaner, and recleaner flotation cells, general fictation cell
area, assay room, and control room, total dust collected In the reagent area,
cyanide collected near the cyanide "water gplke,” and carbon disulfide
collected near the xanthate "water splke.” Concentrations of samples
collected at the rougher flotation cells ranmged from 0,166 mg/mS at gite ¢
to 0,835 mg/m at site 1Z with an averapge concentration for the 12 samples
of 0, 354 mgfm . Nooe of the samples were belpow the MSHA Standard of 0,15
mg/m or the NIOSH recommended level of 0.10 mgfm3. The average
concentratione for all four sites were above the MSHA Standard for each of the
three shifts eampled., The average concentration fer the 12 samples of 0.334
mg/m 18 approximately 236 per cent of the MSHA Standard and 354 per cent of
the NIOSH recommended level, Although area samplee can not readily be used to
estimate complience with the legal standard, they are a valuable ipndicator of
contrel system effectiveness. Area samples collected for lead at_the
BCavenger flotation cellp ranged in concentration from 0,004 mg[m at sgite

15 to 0.315 mg/m at site 13 with an average concentration for the 12

samples collected over the three—shift period of 0.159 mgfm . Five gof the
twelve sampler were below the MSHA Standard and two were below the NIOSH
recommended level. The average concentration for one of the four sites was
slightly below the MSHA Standard with the other three beiug slightly above,
The average concentration for the 12 samples of 0.159 mg/m- 1e approximately
106 per cent of the MSHA Standard and 139 per cent of the WIOSH recommended
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Table 1

Employee Exposute (mg/m>}

Job Description Date Lead Carbon Disuifide Cyvamide
w
Sampler 2-11-82 0,123
2-12-82 0.149
Mean 0,136
Mill Qperator 2-11-82 0,050
*7=]11-82 0,097
2-12-a2 0,153
Mean 0,100
Assistant Mill 2-11-82 0,012
Operator
2-12-82 0.521
Mean 0,266
Mill Helper 2-11-82 0.096
#2-11-82 0,174
2=12-82 0.204%
Mean 0,158
Reagent Operator 2-11-82 1.35 Q0,007
2-12-82 1.27 0. 006
Mean 1.31 0,007
Grand Mean 0.158 1.31 0. 607
Limit of Detection 0,003 0,002 0.005
MSHA Standard 0.15 60,0 5.0
ACGIBE (TLV (1981/TLV Book) 0.15 30,0 5.0
NI0SH Rec.(NIOSH/QSHA 0.10C 3.0 #%5.0

Pocketguida)

*Second Shift

*#Ceillng averaged over a l0-minute pericd

16



% oM
M7 ] 1ol | %
N %
= | / 3
fa 4 , [ =)
/// A= & Al ,e ) =
ﬁ /%/%
il ,7 1 ig ?//, - 935‘".
7 G
AR P Al A9 BT
CELL COVER cELLcﬂuea
WATER IR e T, 3
;I B T | RO SS-SECTION OF
honsens ; ﬂ 2 }FLGTMIDH CELLS
-—
-
W/Z?” LA, 5@ |
G
o
13| 7
. 174
7 e %% w0
p < %
B E o, ,{,/— / el
- % A =
1 s -
2 y ,
W) e
OPEN AREAS NO SCALE
DVER EACH CELL  © SAMPLE SITES
LECEND ARD LAUHDER
/7% COVERED AREAS
4% OVER EACH CELL N

Figure 8 - Flotation Cell Sampling Sites



so31s FurTdmeg wexy juafesy - 6 INSTJI

Ro
31V HHAE
813174 51317vd
E:_%w o gagors | TS W 1 wo'a3u0us
SINISYIH 31NI9Y3Y
NG| nasvay 1X39v34
. 134018 03K
$31I8 IdWYS @ I ERREL
YL WANININ 10 8378
V38 N
aN3031
. ' [
: $1T17V3
zwa Mmmﬁm
1339934
£\ IUKYAZ IO N 4D SHRVL
P ) B Taelydl | s | atetin
WhHHO 313i
TAS HIiYMm e® N nmmmmm \@. [/
SINIDYIY | 3NI4S HILYM -
: 40 SKAHG
yagy
LX) .
wn




LESEND

' NQ SCALE
MINIMUM DETAIL

© SAMPLE SITES

= ut - =
= = = =
-t —t
z g 2 3
[N
) MILLING AREA
T - T T ©15 1 TTxmAy N
e oy RE
ROOR REQW .
! - @17
el 0 | DOWN  FLOTATION RREA
@23 20
226 (] 0 @l =
@2 | = 1€
| =i {-&-4 l[~Bdew
— =t L Eul H Sl -
—}i2/l52 0|l 16)[B 29| &
— = — =] 4 =
- DFFICES = 22 ] =
2 = =
& t IR E
= . p-— S0 = 15 = 1= &2 &
S |1fled ellisfle 2o
= B4 S0
- Fed| BT H
o (2]
—&—| &8s
LAB } |
— @18
= 2D Ph
— FILTER FILTER
+ In
LUNCH BOWN FILTER
ROON

Eigure 10 - Total Area Sampling Sites

e e, reyiy = A TP PR =TI




Table 2

Atea Samples - Alr Concentration (mg/md)

Sample
Area Site Contaminant 2=11-82 x3-11-82 2=12~832 Mean
Recleaner 1 Lead 0.333 0. 698 0,380 0.470
Flotation 2 ” 0,536 0.769 0.70¢7 0.679
Cells 3 - 4,260 3.913 4,086
4 ” 0,298 0,583 0,989 G.623
Mean 0.389 1,577 1.497 1.224
Cleaney 5 Lead a, 952 1.354 0,924 1.077
Flotaticn ) " 0.495 0,689 2.935 1.343)
Cells 7 ” 4.488 3.995 0,696 3.060
8 " 3.372 2.766 0.826 2,321
Mean 2,304 2,201 1,345 1,850
Rougher g Lead G.198 0,166 0.262 0.209
Flotation 1GC " 0,209 G.223 .283 0.238
Cells 11 0,302 0.389 0.870 0,520
12 0.198 0.213 0.935 0.449
Mean 0,227 G.248 0.588 0.354
Scavenger 13 Lead 0,114 0.155 0.315 0,195
Flotation 14 " 0,128 0.106 0,261 0,165
Cells 15 " Q0,078 0.168 0. D04 0.083
16 " J.198 0,170 0,207 0,192
Mean 0.129 0,150 0.197 0.15%
General 17 Lead 0,114 0,192 0.141 0.149
Flotation 1B " 0,102 0. 106 0,118 0.109
Cell Area
Mean 0. 108 Q.148 0.129 0.129
Control Room 19 Lead 0,025 0.024 0,059 0.036
Assay Room 25 Lead 0.007 0,024 0.020 0.014
Reagent Area 20 Toral Dust 0,42 - 0.47 0.45
Cyanide Water 21 Cyanide 0.006 - 0,006 0.006
Spike 22 * 0, 006 - 0.006 0. 006
Mean G.006 - £.006 0,006
Xanthate Water 23 Carbon Disulfide 0,92 - 1.23 1,08
Spike 24 " * 1.16 - 1.25 1.22
Mean 1,04 - 1.24 1.14

2Zecond Shift
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level, Area gamples collected for lead at the cleaper flotation cells ranged
in concentration from 0,405 mg/m3 at site 6 to 4.488 mg/m3 at site 7 with

an average concentration for the 12 samples collected over the three-shift
period of 1.25 mg/m + None of the 12 samples were below the MSHA Standard

or the NIOSE recommended level, The average concentration for the 12 samples
of 1.95 mg/m3 1s approximately 13 times the MSHA Standerd and 19 times the
NIOSH recommended level. Area samples collected for 1ead at the recleaner
flotation cells ranged in concentration from 0.298 mg/m3 at site 4 ro 4,260
ng/m3 at site 3 with an average concentratlon for the 1l samples collected
over the trhree-shift period of 1.224 mg/m3, Nome of the 11 sampleg were
below the MSHA Standard or NIOSE recemmended level. The average concentration
for the 11 eamples of 1,224 mg/m3 is approximately 8 times the MSHA Standard
and 12 times the NIOSH recommended level, Area samples collected for lead in
the general flotatioa cell area ranged in concentration fram 0,102 mg/m at
site 18 to 0.191 mg!m at site 17 with an average concentration for the 6
samples collected over the three—shift period of 0.129 wg/m3. Five of the
six samples were below the MSHA Standard and none were below the NIOSH
recommended level, The average concentration for the 6 samples of 0,129
mg/m3 is approximately B6 per cent of the MSHA Standerd and 129 per cent of
the NIOSH reccmmended level. The two area samples collected for lead in the
assay room averaged 0,014 mgfm3 and were well below the MSHA Standard and

the FiQOSH recommended level, The three area samples collected for lead in the
control room averaged 0.036 mgfm3 and were well below the MSHA Standard and
NIOSH recommended level. The two area samples callected for total dust in the
reagent area averaged 0.45 mg/m3 and were well below the MSHA Standard. The
four area samples collected for particulate eyanlde at the cyanide "water
splke averaged 0,006 mg/m3 and were well below the MSHA Standard of 5

mgfm . Area samples collected for carbon dlsulfide af the xanthate "water
spike" ranped in concentration from 0. 92 2g/m? at site 23 to 1.25 mg{m3 at
site 24 with an average concentration for the 4 semples collected over the
three-shift period of 1, 1& mg/m). All 4 of the samples were well below the
MSHA Standard of 60 mg/m} and the NIOSH recommended level of 3 mz/m-.

DISCUS STON

The use of a ventilated starch mixing tank equipped with a polypropyline lined
dump chute to mirimize the guantity of total dust escaping into the general
work area atmoszphere 1s effective in preventing harmful exXposure levels. The
two area samples cellected for total dust at the starch mixing tank chute
opening everaged 0,45 mg/m3 and were well below the MSHA 5tandard. The
cleaner and recleapner flotation cell covers were not effective in reducing the
quantity of mlst escaping into the general work area atmosphere to an
acceptable level, KNone of the 24 samples taken at the edge of the covers were
below the MSHA Standard or NIOSH recommended level., The average concentra-
tions for all eight sites were above the MSHA Standard for each of the three
ghifts sampled. The average concentration for the 12 cleaner cell gamples
taken over a three-shift period of 1.95 mg/m3 is approximately 13 times the
MSHA Standard of 0,15 mg/m3 and 19 times the NIOSH recommended level of 0.10
mg/m3. The average concentration for the 12 recleaner cell samples taken
over a three-shift period of 1.224 mg/m3 1s approximately 8 times the MSHA

1



Standard and 12 times the NIOSH recommended level. Although neither the
cleaner nor the recleaner cell covers were effective in preventing
utgacceptable lead levels the sampling results indicate the full cell cover
{recleaner) is more effective than the partial cell cover {cleaner). Even
with the pulp lead percentage at 75-76 in the recleaner cells and 72~74 in the
cleaner cells the awverage concentration for all recleaner samples was 1.224
ng/u3 compared te 1,95 mg/m for the cleaner samples, The rougher and
scavengex flotation cell covers were moderately effective in reducing the
quantity of mist escaping into the general work ares atmosphere. The averagé
concentration for the 12 rougher cell samples wag 0.354 mg/m3 compared to

the 12 recleaner cell samples 1.224 mgim - This can be partially attributed
to the pulp lead level of 70-72 per cent in the rougher cells and 75-76 per
cent in the recleaner cells. The average concentration for the 12 scavenger
cell samples was 0.159 mg{m or 106 per cent of the MBHA Standard and 159

per cent of the NIOSE recomended level, Five of the 12 samples wete below the
MSHA Standard and two were below the NIOSH recommended level.

The use of "water spikes”™ in the reagent handling area to empty drums of
cyanide and xanthate is effective in preventing harmful exposure to
employees, The Reagent Operator working im the reagent area had an average
carbon digulfide (xanthste decomposition groduct) exposure of 1.31 mg}m3 and
an average cyanide exposure of 0,007 mg/m? for the two shifts sampled. This
concentration for carbon disuifide is two per cent of the MSHA Standard and 44
per cent of the NIOSH recommended level and for cyanide is less than one pex
cent of the MSHA Standard. The 4 area samples collected for particulate
cyanide at the cyamide "water spike" averaged 0.006 mgfm and were well
below the MSHA Standard of 5 mg/m3., Area ssmwples Collected for carbon
disulfide at the xanthate “water spike" averaged 1.14 mg/m? and were well
below the MSHA Standard of 60 mg/m> and NIOSH recommended level of 3 mg/m3,

The use pf an isclated, enclosed, air—-conditioned flotation cell control room
is effective in treducing the potentially harmful lead exposure levels for the
Mill Operator, The three area samples collected for lead inr the control room
averaged 0,036 mg/m> which is 24 and 36 per cent respectively of the MSHA
Standard and NIOSH recommended level, The Mill Operator working in the
control room and flotatiom cell area had an average lead exposure of 0,100
mg!m3 for the three shifts sampled. This concentration is 67 per cent of

the MBHA Standard and equal to the NIGSH recommended level.
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