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SURVEY OF NUISANCE AND BIOLOGICALLY ACTIVE DUSTS IN METAL
AND NONMETAL MINES

By P. J. Watson,' D. Taliman,? and J. E. Pahiman’

ABSTRACT

The objective of this study was to prioritize the potential risks
nuisance and biologically active dusts and fumes present in metal
and nonmetal mines. This was accomplished by ranking numerical
values derived from a matrix formula calculation that took into ac-—
count dose, mine population, and sampling size. Data used in
these calculations were obtained from the Mine Inspection Data Analy-
sis System (MIDAS). The dusts determined to have the highest risk po-
tential were quartz respirable particulates, mine dust, cristobalite
respirable particulates, welding fume components, and nuisance respi-
rable dust. Other dusts and fumes that were not ranked in this study,
due to small sampling population, but which show a potential risk, in-
clude asbestos, talc, hydrogen cyanide, organic compound dusts, arse-
nic, metal dusts, and metal and nonmetal fumes.

1Mining engineer, Twin Cities Research Center, Bureau of Mines, Minneapolis, MN.
“Research chemist (now with Economics Laboratory, Eagan, MN).
3Supervisory physical scientist, Twin Cities Research Center.



INTRODUCTION

A major mission of the Bureau of Mines (HHS) prepare reports on the toxicity
is to protect miners' health and {improve levels of chemical and physical agents
their safety. Asbestos, coal, and silica found in mines, through its constituent
dusts present high potential health risks agency, the National Institute for Occu-
to miners and thus have been studied by pational Safety and Health (NIOSH). Fur-
both Bureau and other researchers. There suant to section 101 (a) (6) (b) of the
are many other dusts that could produce Act, NIOSH prepared a document 1in 1979
severe, chronic, and debilitating dis- entitled *Mining Surveillance: Poten-
eases. Some of these include iron oxides tially Toxic Occupational Exposures” (2)
(especially in combination with radon that reviewed existing pertinent Informa-

daughters or other radioactivity), taco-
nite (which contains an asbestos-like am-~
phibole), talc, beryllium, welding fumes,

and wollastonite (a proposed asbestos
substitute).

Mining of metal and nonmetal ores can
produce dusts that represent a health

threat to miners. There exists a signif-
icant historical perspective on the haz-
ards of mine dust as related to health.
Dusts in mines have long caused problems.

Signs of pneumoconiosis 1in prehistoric
bodies and anthracosis in Egyptian mum-
mies have been observed. Only the 1low-

liest Greek and Roman slaves were miners,
since '"condemnation to mining 1is almost
as severe as the death penalty,”" accord-
ing to Justinian (1).4 Even {in those an-
cient times, miners realized that dust
was dangerous. According to Pliny, some

miners tried to 1lessen the danger by
covering their mouths with bladder
skins (1).

Mine dust problems have existed since

mining began, but only recently have spe-
cific health problems been 1linked with
specific dusts. For example, 1in coal
mining, continued exposure to respirable
coal dust in excess of 2.0 mg/m> may lead

to Black Lung or pneumoconiosis. Also,
in both coal and noncoal mining opera-
tions, exposure to dusts containing

g8ilica may lead to silicosis. Because of
a concern about other possibly hazardous
dusts and fumes present in current mining
operations, the Federal Mine Safety and
Health Act of 1977 requires that the De-
partment of Health, Education, and Wel-
fare (HEW), now Health and Human Services

4Underlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

U

tion on toxic
agents found in

chemical and physical

mines, gathered from
gsources including Government agencies
(such as the Mine Safety and Health
Adwministration (MSHA) and N10SH), private
industry, universities, associations, and
labor unions.

Of the many agents identified during
the 1979 review, 35 dusts, gases and
fumes were identified at potentially tox-
ic levels in mines. Dust is defined as
“the loose term applied to solid parti-
cles predominantly larger than colloidal
and capable of temporary suspension in
air or other gases" (3). Potentially
toxic dusts identified were arsenic, as-
bestos, benzoanthracene, benzopyrene,
beryllium, chrysene, coal mine dust, eth-
ylene glyerl dinitrate, graphite, lead,
perlite, silica, and talc. Benzoanthra-
cene, benzopyrene, and chrysene were
identified {in diesel emissions. Fumes
are "the solid particles generated by
condensation from the gaseous state, geun-
erally after volatilization from melted
substances, and often accompanied by a
chemical reaction such as oxidation™ (3).
Potentially toxic gases and fumes identi-
fied were ammonia, carbon monoxide, car-
bon tetrachloride, hydrogen sulfide, mer-
cury vapor, nitrogen dioxide, oxygen
deficiency, nitroglycerine, perchloroeth-
ylene, trichloroethylene, and welding
fumes as containing arsenic, cadmiun,
chromiun, cobalt, lead, manganese, nick-
el, ozone, and vanadium. Other poten-
tially hazardous agents identified were
gamma radiation, heat, noise, and radon
daughtere. 1In general, the data base for
this roport was not extensive for wmany
biologically active and nuisance dusts
and fumes. Additionally, while several
other dusts and fumes not mentioned in



the NIOSH report exhibit
ratory hazards, they are
irritating with reactions
minor skin {rritations to major skin
diseases. These dusts 1include potash,
wollastonite, nepheline, salt, and trona.
The toxicity of substances present in
these dusts and fumes has been assessed
by NIOSH, American Conference of Govern-
mental Industrial Hygienists (ACGIH), and
others, and criteria document levels have
been determined for each substance. The
presence of these toxic and/or hazardous
substances in mine dusts at levels above
the NIOSH criteria document 1levels may
pose a threat to the hecalth of mine per-
sonnel. Once the levels of various dusts
actually present in the mine work envi-
ronment are defined and the degree of
risk is assessed and prioritized, control
technologies for reduction or elimination

very few respi-
described as
ranging from

developed along with recoamendations for
future monitoring activities.

The largest body of environmental data
for mine workers is kept by MSHA. Once a
substance is recognized to be a potential
health risk and regulatory levels are es-
tablished, compliance sampling is done by
mine inspectors. These data are avail-
able for computerized statistical analy-
sis through MIDAS (4). The objective of
this study was to prioritize the poten-
tial risks of biologically active and
nuisance dusts and fumes present in metal
and nonmetal mines. Biologically active
dusts and fumes are those dusts and fumes
that can react or interact with a biolog-
ical system or function. Nuisance dusts
are those dusts that are not presently
believed to be a potential health risk,
but nevertheless are an irritating nuis-
ance in the mine environment.

of that risk may be 1investigated and
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ANALYSIS OF
PROBLEM DETERMINATION MATRIX

After reviewing the medical references
on potential dust exposures, 1in conjunc-

tion with the published NIOSH hazards,
the authors determined that development
of a method for dust risk assessment

ranking would be necessary.
lists the medical literature
a bibliography.

In order to determine whether a given
dust {in a given mining commodity was a
potential risk, it was necessary to de-
velop a method for ranking. This method
took the form of a critical-path flow
chart (3), where each step in the process
led through the path, giving a numerfical
value from MSHA or MIDAS data, to a final

The appendix
surveyed in

obtaining and understanding the medical
resources. The authors would also like
to thank Winthrop F. Watts, Jr., Indus-
trial hygienist, Bureau of Mines, Twin
Cities, MN, for his help in explaining
the workings of the MIDAS computer
system.

DUST HAZARDS

value which could then be compared with
other valuvs from different dusts and/or

mining commodities. The major questions
to be answered included
o Does this particular dust or fume

exist in this mining commodity?
o How many miners does it affect?

is the dose of this dust or
fume in this mining commodity and how
does it compare to the threshold limit
value (TLV) from the ACGIH and the crit-
ical document values from NIOSH?

o What

o What is the duration of exposure;
(hours/day, years/lifetime?)




o What is the health eftect and degree
of severity of the effect?

o What are the mine population cnarac-
teristics; (number of persons exposed?)
This critical path flow chart was alen
concerned with process changes A
inadequate data. Only existence, mine
papulation, and dose (the first three
factors above) were included in the ma-
trix calculations, since this information
was avallanle from MIDAS and other MSHA
sources. The matrix value was calculated
by the formula

V = (C/TLV) x (N;/Ny),
where V = matrix value,
C = dose o/ contaminant, mg/m>,
TLV = threshold limit value for
the contaminant, mg/m>,
from 1973 values,
N; = number of miners in commodity,
and Ny = total number of miners;
N, and N; both from MSHA,
based on 1984 figures.

Figure 1 shows the flow chart.
age geometric dose of

The aver-
contaminant was

then obtained by dividing the dose of C
by TLV.
To answer the questions asked 1in the

flow chart and complete the
survey of the data

matrix, a
contained in the

MIDAS was conducted (3). As each ques-
tion was answered for each commodity
and/or contaminant combination using the
MIDAS analysis data, the matrix could be

filled in. as the matrix was completed,
the variability in sampling frequency ap-
peared to adversely affect potential haz-
ard ranking. The contaminants recorded
in MIDAS were separated into four group-
ings called files: Area, Dusts, Fumes,
and Metals. Figure 2 {llustrates the
sampling frequencies for the four files
surveyed, which gives an 1dea of where
sampling was concentrated and additional
sampling could be recommended. Because
of this uneven sampling distribution, a
concern was expressed over biasing the

Reproduced from
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FIGURE t.— Dust problem critical path iow chart. N is sam-
frequency.

data by a single, anomalously
centration value. This was
possibility since, often, a

large con-~
a very real
mine inspec-

tor will sample more frequently 1in areas
of known potential dust hazards. This
nonrandom sampling technique, along with

the practice of not sampling for all
contaminants in every mine, could lead to
some serious biasing problems 1in the
technique of ranking used in this report.
The wmatrix was set up with a summing
function, where the sum of commodity val-
ues considering all contaminants (S;),
the sum of contaminant values considering
all commodities (S;), and the sum of both
(Si, ) were all considered. This summing
process allowed the blas of using all
sample values to be demonstrated: Figure
34 11lustrates the bias when considering
the commodity totals; figure 3B, the bias



N>1000
178%

Dusts

N>1000,1.9%

N>S0G ond N>3000,
both 0%

Metals

~-N>1000, 2.7%
\ -N>3000, 2.7%

~N>500, 2.7%

N> 000 and N>3000,
both 0%

Area

FIGURE 2. —Statistical pattem for dusts, fumes, metal dusts, and area files.

in contam{ int totals; and figure 3cC the
bias when considering nonzero values for
the total sample versus the N > 50
sample. In all, there were 88 mining
commodities tracked within MIDAS, but
several of these commodities were 1in the
mineral processing area, not actually
mining the materials to be processed,
leaving 75 commodities to survey. Of
these 75 commodities, only 53 had sam—
pling populations greater than 50 for at
least 1 contaminant. Table 1 summarizes
these 53 commodities with their standard
industrial classification codes. The re-
maining commodities were then analyzed
for each of the contaminants contained

within the files.
are 134 different
in all the

Additionally, there
contaminants contalned
files. Several of these
contaminants, such as noise or oxygen
content, were not considered in the ma-
trix analysis since they do not relate to
dust or fume hazards, which left 65 con-
taminants to survey. Of these 65 contam-
inants, only 24 had sampling populations
greater than 50 for at least 1 commodity.
Table 2 summarizes these 24 contaminants,
giving MSHA code, file, and TLV informa-
tion. As the matrix was completed, sev-
eral interesting results became evident;
these results are discussed below.
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MATRIX RESULTS

When the matrix was completed for the
four files surveyed, values for each
grouping could be compared. The individ-
ual matrix values are summarized in table
3 for area files, table 4 for dusts,
table 5 for fumes, and table 6 for the

metal dusts. Individual contaminants
within all four files as well as the sep-
arate wmining commodities, could be

ranked for risk potential with the result

that the higher the values were, the more
potential for risk. High values 1in the
matrix could relate to high contaminant

concentration, large mining population,
or a2 combinat{on of both. The potential
risk could bde considered as serious,

whether it resulted from a few miners
being exposed to a high contaminant
concentration (such as mercury, chromium

fumeg, or hydrogen cyanide) or a large
mining population being exposed to a
somewhat lower contaminant concentration.



TABLE 1. Mining commodities surveyed

Commodity SIC' code Commodity SIC' code

Iron oreecceceecccansevcncennes 10110 Clay, COMMONe e v sacevsvsssansescs 14550
Copper OQULCevsavecerascnassasnee 10210 Clay, ceramicCecsoasessessanscce 16590
Lead and/Or zine Orecsssscencee 10310 Feldspar......-.-.........---. 14593
Gold lode and/or placer....... 10410 Magnesiteeosooecesssssessovsecs 14595
Silver OreSeisesessncssncccses 10440 Shale, COMMONessssscsvsaccascsss 14596
MOlybdenum.-.-....-....-...... 10615 Barftecescecsevesvoosssasassans 14720
TUNZSLeNe et evocenrccsnsscncne 10617 FluOrSparcessccescessvsasoosces 14730
Uranium and/or vanadiumeeecesos 10940 Potash, soda, and boroneesees. 14740
Uraniumeecececsscovsvenscances 10941 Potashescescersneonssasccccssanes 14742
Beryl.-....-.......-..--...-.. 10992 TrON8esssecsssccssacocesaccnas 14743
011 shalececccescersscsossoaces 13111 Sodium Compounds...-.......... 14744
Stone, dimensioNecssecasceaces 14110 Phosphate r0CKeaseotosnnascnne 14750
Granite, dimension.ceeccscences 14111 Salt, TOCK.eeseoesoosctonsascosa 14760
Limestone, dimensions cecsesses 14112 Lithiumeeecascsacoccccssceanna 14791
Marble’ dimensionescecceccencse 14113 Gypsum..-...-...oo...¢..-..... 14920
Sandstone, dimensioNseccesceece 14114 Talc, pyrophylitececcecsscasns 14960
Slate, dimensioNeeesscsscecses 14115 Nonmetal mineralS.ecseceeeaseve 14990
Traprock, dimensiofNeesssscssen 14116 ASbDES8tOBeesetsnssoatasacnsncns 14991
Limestone, crushedeeceossecsses 14220 MiCAeessnonsceonsossocssnsscns 14994
Granite, crushedesvereesecrone 1“230 Pumice‘................‘...... l4997
Stone, crushedeecsoavesssencss 14290 Vermiculiteesesesoosecovcsosnces 14998
Marble, crushedscsscesesoscses 14291 Alumina, Milleovsanconnoananss 28191
Sandstone, crushedesscesvecces 14292 Salt, evaporiteccsecccesccscacs 28991
Slate, crushedeecessssaccsanses 14293 Leonarditesscescsnnsoscssanavae 29900
Ttaprock, crushedsiesseccrscevns 14294 Cement-o....--..--.o-......... 32410
Sand and gravelecveseeessevses 14410 LiMeeesassssoccessscosannonses 32740
Clayl flrecscesocecesesnsvsance 14530

'S1C - Standard Industrial Classification.

Ranking the contaminants together pro-
duced a listing for potential risks
within each mining commodity (table 7).

Table 8 summarizes the survey of the in-
dividual contaminants considered through-
out the mining industry.



TABLE 2.

- TLV's of dusts and fumes studied

(Milligrams per cubic meter unless otherwise specified)

Dust or fume MSHA identification TLV
) Code File

Respirable mine dust...eeeevieceneervevonos| 12lecses | Dustesess 5
Total mine duSteecesccoescscssnacceccnsscances| 123ceces | voedOeese 10.0
Nitric oxidesssesssosesescvssocessnsosncss | 30leasss | Areas.... 139
Hydrogen sulfide...cccceececencvevascnanse| 305.000, | avedoeens 120
Sulfur dioxXidesessescosassecossossesasessnsce| 42leaeee | 000d0esse 13
ASbeStOSesecesserseencossscccconvensossssce | 30leeses | Dust.e.... 23
Talc, nonfibrousSecesesecesccsoscensscsases| Sllecees | eeedoeeee | 320 x 108
Quartz, respirable particulateS..sccesoses | 3230evee | o0sdOee.. 410/%+2
Cristobalite, respirable particulateseeces | 525..40s | ¢vodoeess 457742
Beryllium duSteaeereeeeeeaceraasssaccnoase | S4laesss | Metal.... 52
Arsenlc duSleessecosecovsvossnscesasannace | 6130ccee ! veedoeasne 3500
Lead duSteeesvssossvassssassscascsonsosnas | 635c0ics | eoedoaann 5150
Welding fumes....cveevvvreesconcasonsesasse | 70leasss | Fumes.... 10.0
Aluminum oxide fumeS..ecseereessosscscccee | 703eceec | oeedOenss 10.0
Beryllium fumeS.ceveeceesonssescocsensoana| 709¢0ucs | coedoee.n 2.0
Chromic acid fumesS..ccevvevsocvecssasssasea | 7130caee | veedOease 1.0
Cobalt fUMESeessensonsassscsonsscsossosose | 7150eaee | eeedOeaeea 0.1
Copper fumeS..cscesoesacsvessoressnsenosaas | 717cauus | cvedoesnn 1.0
Iron oxide fumeSesv-cvieerocsecenccncssnces | 72lcecee | ceedOaces 10.0
Lead fumeSeseeesaesessasascrososssnnsavnse| 72300cee | vaedoeess 2150
Manganese fumeS...cessecsvesssssncncesccee | 7270cee. | oudoeess 5.0
Nickel fumeS..ciaceessascoscosrasssosssses | 733ccece | esedOaacs 1.0
Vanadium fumes.....-...................... 763000 essd0cacs 0-05
Mixed contaminantSeesesscossssscervessesee | 999..... | Areacee,

MSHA Mine Safety and Health Administration.
1part.s per million.
>Million particles per cubic foot.

TLV Threshold limit value.

2Fibers per cubic centimeter.

410 mg/m3 divided by percent respirable quartz present +2 mg/m3.

Micrometers per cubic meter.

TABLE 3. - Matrix values for area file contaminants'

MSHA MSHA MSHA MSHA Total matrix
Mining commodity Ny /Ny code code code code value for
301 305 421 999 commodity
CODPer OT@sevvusovnsscncaseasass | 0.0609] ISP 0.0006 | 0.0006 | 1sp 0.0012
Lead and/or zinc oreecessecoscsss .0165| 1sP . 0005 ISP 1sP +0005
Gold lode and/or placercescese. .0350 | 0.0018 | ,0004 | 1SP 1sp .0022
Limestone crushedesccescccssesse .1789| 18P .0018} .0018 | 0.0251 .0287
Fluor8parcsccescecscscsossenses .0008 | ISP .0004 | 1IsP 1sp . 0004
Salt, rocksecescescesscsssccnscce .009] Isp .0005 ISP 1sp .0005
GYPBUMe s covvsoonccaccassocncnnss .0060 | ISP .0001 ISP Isp «0001
Nonmetal mineralSeececesccecssse .0081 ISP .0006 ISP 1sP . 0006
Contaminant totalecesseceosevocvnsone .0018 .00109 .0024 .0251 .0342
C/TLV Concentration/Threshold limit value.
Isp Insufficient sample population; N < 50.
MSHA Mine Safety and Health Administration.
N;/N; Number of miners in commodity/total number miners.




TABLE 4. - Matrix values for dusts flle contaminants
T MSHA | MSHA T MSHA | MSHA | MSHA MSHA | Total matrix
Mining commodity N; /Ny cade l code | cnde code | code | code value for
121 123 501 | 511 § 523 . 525 commodiry

Iron oreesseesssesscorseans | 0,0460 10,0019 0.0921 ] 0.00177 — NR: 0.01387| 0.0952 0.2047
COpPer OfReecssrssssvoresnsas .0609 | ,0022° ,0539 ISPt NR . .0261 l NR .0822
Lead and/or zinc ore..oveea | 20163, 005 .0083, Isp| NR | .0070 NR .N168
Gold lode and/or placer.... L0350, .00l12] .0247 isp NR .0179 NR .N438
Silver ores.ceeveeeiee.. PN .0140 0010 | ISP ISP NR 0064 NR L0074
Molybdenumeseesoooevosenass .0127 .0005 Isp [SP% NR .0088 NR .0093
TUNgSLeNeseennsanniearaaees | 20013 ISP . NR NR|  NR| .0010 NR .0010
Uranlum and/or vanadium....; .0005 L0000 ISP NR NR | .N002 NR .0002
Uraniumeeseessssesseesaceas | <0165 | L0003 .0045 ISP NR . D055 NR .0103
D11 Shaleeeeaessssusenneees | <0013 ISP | tsp ! NR NR . .0N006 NR .0006
Stone, dimensionssssesesaas | 0011 Isp ISP | NR | NR | L0004 NR .0004
Granite, dimension.eesevess .0053 .0001 lSP! Isp NR .0032 NR .0033
Limestone, dimensione...... .0038 L0005 .OOSli NR NR .N012 NR .0068
Marble,dimensionse.veveenes L0011 L0005 .0008 ; 1sp! NR 1sp NR L0013
Sandstone, dimensfone..oes. .0017 Isp [SPi NR NR .0010 NR .0010
Slate, dimension.s.sescc... .0108 ISP NR NR; NR | .0048 NR .0048
Traprock, dimension........ .0003 ISP ISP ISP{ NR .0001 NR .0001
Limestone, crushediseseesas 1789 O RAY 1667 .0060 | NR L0474 ISP 22372
Granite, crushedeseesccseses «0235 ,0008 0269 ISP, NR .0096 NR .0373
Stone, crushedsssocicoseaaes .0109 .0006 [ .0099 isp AR | .0060 NR .0165
Marble, crushedeeevvieveanes .0036 [SP | .0048 | Ise NR ISP NR .0048
Sandstone, crushed......... .0130 L0003 | 0147 15P | NR | .0085 ISP .0235
Slate, crushedsssesseccoancs .0008 Isp Isp NR | NR .0004 NR .0004
Traprock, crushedscceceeaes .0140 L0008 | .0134 .OOI9§ NR .0056 NR .0217
Sand and gravelseesieeeanss 2324 .OOSBE 1316 .0075 NR L0845 | NR 2294
Clay, firescescsecrsencanas .0051 ,0002 :  .0044 NR NR .0034 1SP .0080
Clay, COMMONeessossioaansans 04331 .0049° .0558 1se NR | .0258 ISP .0865
Clay, ceramicCe.seesseveeces | 0008 ISP’ .0004 NR NR 1sP NR .0004
Feldsparecicceeesessconnaans .0020 ISP ¢ 1sp ise NR .0010 1P .0010
Magnesitesseesssssssescesss | 40010 ISP | .0009 NR NR NR NR .0009
Shale, cCOmMMONesvecscscoeasns .0043 .0001 .0036 NR NR .0024 NR .0061
BATLlEseerevennnnnsessenses [ 0064 | ,0003 ] .0079 ISP ISP | .0065 NR | .0147
FluorsSpar..oeceeeasiocsssns .0008 | .0002 .0004 1sp NR | .0004 \NR .0010
Potash, soda, boronee...... .0017 1sp .0019 1sp NR Isp NR .0019
POLASNe et renoccocassonanaas .0073 ISP | .0067 1sp NR 1sP NR .0067
Trondecececscecoscsosssonecsans .0062 Isp .0100 NR NR 1se NR .0100
Sodium compoundSesisaciasas .0079 NR 0115 NR NR NR NR L0115
Phosphate rocKeeeasiancasas .0274 | .00L5 | .0280 Isp NR | .0046 NR ,0341
Salt rockeccicesscsstoseccas .0091 ISP | L0112 isp NR 1s? NR L0112
LithiuDeersveocoocsoncoecss 0011 ise NR 1sp NR .0003 NR .0003
GYypPSUMe sovevevvnontivssesns .0060 | .0007 .0060 IspP NR | .0014 NR .0081
Talc, pyrophyliteecicececsss .0345 | ,0044 ! .0818 | ,0057,0.0092 .0162 NR L1173
Nonmetal minerals.......... .0081 .0006 .0079 1sp NR [ .0063 | .0146 .0294
ASbesStos..cveerencrcencanns .0018 ISP NR | .0007 NR 1spP NR .0007
MiCAcseeessasaosencrionsanss .0016 ISP ISP 1§:14 NR | ,0005 NR .0005
Pumice@ecersecscseonsrenennas .001] .0001 .0010 1sp NR 1sp NR .0011
Vermiculitececesssasaosaasne .0014 1Sp isp .0002 NR Isp NR .0002
Alumina, milleceeassoncaaas .0189 ISP | .0069 1sp ISP Isp NR .0069
Salt, evaporiteccescieneanas .0017 NR | .0009 1sp NR NR NR 0009
Leonarditescceeecesroceense .0002 Isp 1sp NR NR | .0002 NR .0002
Cementeceseceasnoonssanssns .0543 | .0107 .0691 ise NR | .0159 isp . 0957
Limeeeeaereooasnocrvsernsas 0146 | .0022 | .0109 NR NR | .0050 NR .0181
Contaminant totdl.sevecesonsocses .0610 | .8846 .0237] .0092 .3499 | .1098 1.4382

NR Not reported. ISP Insufficient sample

population; N < 50.
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TABLE 5. - Matrix values for fumes file contaminants

MSHA MSHA MSHA MSHA MSHA MSHA MSHA MSHA MSHA MSHA MSHA Total matrix
Mining commododity |N;/N. code code code code code code | code code code code code value for

701 703 709 713 715 717 721 723 727 733 743 commodity
Iron orecscevesesss|0.0460/0.0129(0.0000(0.0000;0.0014/0.0000(0.0005|0.0028]0.0005|0.0005]0.0000]0.0005 0.0191
Copper Ore€.cseecececes| .0609| .0091; .0006| .0000| .0006| .0000| .0012| .0024 ISP Isp| .0000{ .0000 .0139
Lead and/or zinc
ore. .0165| .0020{ .0000 ISP| .0003 Isp| .0002| .0007| .0018| .0002 ISP| .0002 .0054
Silver oresisceeee.| 0140 ISP ISP ISP ISP ISP ISP| .0004 Isp ISP ISP ISP .0004
Limestone, crushed.| .1789} ,0251| .0018| .0018| .0125, .0000| .0018{ .0054| .0018; .0036; ,0018| .0018 .0574
Traprock, crushed..| .0140| ,0039 ISP ISP ISP 1sp ISP| .0008 ISP 1sp ISP ISP .0047
Sand and gravel....{ .2324| .0116| .0000 ISP ISP ISP ISP! .0070 1sp 1sp 1614 ISP .0186
Phosphate rock.....| 0274 .0030| .0003 Isp| .0008| .0022} .0003| .0008 Isp| .0003 1sp| .0000 .0077
Cement.scecsvecesas| 0543 .0071] .0000 1SP| .0016 ISP| .0005| .0016 ISP, ISP| .0005 ISP .0113

Contaminant totale.eesss| .0747] .0027] .0018] .0172] ,0022| .0045[ .0219] .0041[ .0046] .0023] .0025 .1385

ISP Insufficient sample population; N < 50.

TABLE 6. - Matrix values for metal dusts file contaminants
MSHA MSHA MSHA Total matrix
Mining commodity N; /N¢ code code code value for
541 613 635 commodity
Lead and/or zinc Ore€scesececessccses | 0.0165 ISP 0.0002 | 0.0013 0.0015
Gold lode and/or placerececcescesee | 0350 Isp ISP | .0053 .0053
Silver Or@isressccestcocscasccsnnce .0140 1SP ISP .0022 .0022
Beryleecceososacassacssssccesacsscscnsns .0005 | 0.0001 NR NR .0001
Contalninant total.---.................... -0001 00002 -0088 ‘0091

Isp
NR

Not reported.

Insufficient sample population; N < 50.



TABLE 7. - Matrix values for mining commodities

11

Rank Mining commodity Value Rank Mining commodity Value
lee.. | Limestone, crushedeceseeses | 0.3233 28ccc | Potashecceasesscossaccenes | 0.0067
2....| Sand and gravel.ecosceeess .2480 | 29... ! Shale, commoONecscecrecsccse 0061
Jeeee ] 170N OF@eveasesscsorscsnss «2238 || 30... | Slate, dimensionc.cecessas .0048
4e00. | Tale, pyrophyliteccecacecces .1173 31... | Marble, crushedecccacccnas .0048
Seaee | Cementecseccocnccsonsanses 1070 || 32... | Grarite, dimensionesecccas .0033
6.vee | COPPEr Ol@eesesnvesssnancss «0973 || 33... | Potash, soda, boroneesssss .0019
7eeee | Clay, cOMMONecssesessaccss | +0865 34...| FlUOLSPATescecsecssssscsss | <0014
8....| Gold lode and/or placer... «.0513 || 35... | Marble, dimensioneeecssscece .0013
9.... | Phosphate rockesescssancas «0418 || 36.¢. | PumiCeaccsscecsscconescnas «N011
10... | Granite, crushedessesoacss #0373 || 37.¢+ | Tungstencsecessscccscescse .0010
1l... | Nonmetal minerals.ccececes .0300 38... | Sandstone, dimensioneecses .0010
12... | Traprock, crushed.eceisesse «0264 || 39... ] Feldsparcesocesvessscoscecs .0010
13... | Lead and/or zinc oOreeceesse <0242 || 40... | Magnesite..ccccensaccccanes . 0009
l4... | Sandstone, crushedeccsaess «0235 || 4l...| Salt, evaporitececscecceces . 0009
15... LiMeecsssocsacocosssoscnce .0181 102-0- ASbeStoBececossscacsscccns |00007
16... | Stone, crushedesscecenases <0165 || 43es.| 011 shalecseecescosssnscns . 0006
17.¢. ) Barftececscoasssscosssssccs 0147 || 44.cc. | MiCAseaocrcassesasssccsnsne .0005
18...| Salt, roCckecsesostoccsnnes .0117 45... | Stone, dimension.ececceccss .0004
19... | Molybdenumecoeesssesccasnce +0115 || 46...] Slate, crushedeecececcasse . 0004
20... | Sodium compoundSssesscsssee .0115 47... | Clay, ceramiCececceosscsccce . 0004
2lee. | Uraniumecececossssssoencse «0103 || 48¢c. | Lithiumesceoceovrosoascars .0003
22¢.. | TrONBececsoosasosssscsnasns .0100 | 49...} Uranium and/or vanadium... .0002
23,0, | GypSUMessecssancssssscsess | <0082 || 50... | Vermiculit@eeesoaosonseose | 40002
240.. ) Clay, fireceecececocoesecs <0080 || Sl... | Leonarditecceccscsescccsocse . 0002
25¢0s | S11VEr OrEBecescsncscsnsae 20078 [} 52¢u¢ | Beryloceososessosasoscanse .0001
260.. | Alumina, millecessecoonses .0069 53... | Traprock, dimengsioneeccececss . 0001
27... | Limestone, dimensionec.aess . 0068

'Changing the threshold limit value to 0.2 fibers/cm® from 2 fibera/cm® would in-

crease the matrix value and therefore result in a higher rank.
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TABLE 8. - Matrix values for dust or
fume contaminants

TABLE 9. - Mining commodities with
highest matrix values

Rank Dust or fume Value Commodity Valqg:
l... | Total mine dusta..seusees.. | 0.8846 Limestone, crushed.s.cevesssvscass | 0,3233
2... § Quartz, respirable Sand and gravel..soeissscecensans . 2480
particulates. .3499 Iron OTF@seesvveacscsasssrececnsans .2238
3... | Cristobalite, respirable Talc, pyrophylitec.ceassecscccsans L1173
particulates. 1098 Cementececrceiecreseocacncscansane . 1070
4.0, | Welding fumesS.c.cevecaassss 0747  Copper Or€esacesesciecescssecsanns .0973
5¢¢« { Regpirable mine dust...cc.s L0610 Clay, cOmMMONe.ecrencosacssscncans . 0865
6e... | Mixed contaminants.eevesasss .0251 Gold, lode and placerceesisecsene 0513
7eos | ABDESLOSetevasesncrsonsenss .0237  Phosphate roCKeeseseesses ocososse .0418
8... | Iron oxide fumes...ccceevv.. .0219
9... | Chromic acld fumes.vieecee.. .0172 TABLE 10, -~ Dust or fume contaminants
10.. | Talc nonfibrousseceeesecesas 0092 with highest matrix values
11,0 | Lead dusteseceesonscvaccnes .0088
12.. | Hydrogen sulfidescssccecses . 0049 Dust or fume Value
13.. | Manganese fumeS..ccsesesvcae 0046 Total mine duSteceeecncsseecsaees | 0.8846
14.. | Copper fumeS.cevescccsanesns .0045 Quartz, respirable particulates.. . 3499
15.. | Lead fumeSeeecccovcevonrssas . 0041 Cristobalite, respirable
16.. | Aluminum oxide fumes.scese. .0027 particulates....c.cveverocencrone .1098
17.. | Vanadium fumes........c.000s .0025 Welding fumeSecvessscsnnsncveveces 0747
18.. , Sulfur dioxide.ceceovonvenn .0024 Respirable mine dusteceeveesecocs .0610
19.. | Nickel fumeSeeaoacereaccen. .0023
20.. | Cobalt fumesS.esseecoesccnas .0022 of welding fumes such as aluminum oxide,
2l.. | Nitric oxideeeseesssoanceas .0018 chromic acid, copper, iron oxide, lead,
22.. ) Beryllium fumeS.ececsveosas .0018 and vanadium. Lead  dust, another
23.. | Arsenic duSteaessecsscaness .0002 commodity-specific dust, was the wmajor
24.. | Beryllium duStecesesssoaens . 0001 component of the metal dust files. Table
10 summarizes the contaminants with the
Comparison of the matrix values pre- highest values summed throughout the en-
sented several areas of potential risk. tire mining industry. These contaminants
Mining commodities with the highest abso— are mainly dusts, with one exception.

lute wmatrix values are summarized 1in
table 9. These commodities range from me-
tals (copper, gold lode——placer, and
lead~-zinc), to stone products (crushed
limestone and sand and gravel), to sev-
eral unique mining commodities (common
clay, phosphate rock, talec, and cement).
The high values came from contributions
from all four file areas. The area file
contribution came mainly from hydrogen

sulfide, which was commodity specific,
e.g., phosphate and fluorspar. Dust file
contributions included respirable mine

dust and quartz respirable particulates.
Additional values came from cristobalite
respirable particulates. The highest
values for the fumes files came from
welding fumes and individual components

Their ranking ordep was quartz respirable
particulates, total mine dust, cristo-
balite respirable particulates, welding
fumes, and respirable mine dust. Cristo-
balite respirable particulates and weld-
ing fumes affected very few commodities,
yet still ranked very high in order of
potential risk and may bear closer scru-
tiny in future research.

Although the dusts and fumes identified
in both the literature search and the
NIOSH report are described as potential
risks, only those dusts and fumes that
are currently being regulated showed up
in the matrix as potential risks, proba-
bly due to the sampling frequency bias
mentioned earlier.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Dust s a proven health risk 1in the
mining industry. Many dusts, from less
than 0.3 ym to greater than 10 ym, will
have an {mpact on the human system rang-
ing from surtace contact to respiratory
infiltratfon. Individual dusts are known
to cause medical problems ranging from
mildly 1{irritating, through debilitating
(total disability), to fatal.

The survey of the MIDAS data indicates
that the proven dust risks are more thor-
oughly monitored as well as studied. The
dusts this ranking identified as having
the highest risk potential are quartz re-
spirable particulates, total mine dust,

cristobalite respirable particulates,

welding fumes, and respirable mine dust.
Several of the dusts and fumes for which
data are available in MIDAS, which may

adversely impact miners' health, appear
not to have been studied as thoroughly as

other dusts and fumes not considered in
this study, due to small sampling popula-
tion, may have shown a potential risk 1if
more samples in more commodities had been
taken and recorded. These include asbes-
tos, talc, cyanide (HCN), organic com-
pound dusts, arsenic, other metal dusts,
and metal and nonmetal fumes of all vari-
eties (mercury, etc.). The potential
health risks of these dusts and fumes are
discussed in the references in the Appen-
dix. Increasing sample frequency for all
dusts and fumes considered, though time
consuming and expensive, 18 recommended
to allow more logical comparisons between
dusts and across commodities.

Additional areas for future considera-
tions are cross contamination, additive
effects of more than one dust present,
and fugitive dusts. These are areas ripe
for potential study, but which are lack-

those with known risks. Some of these ing hard data.
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ing Near Urban Areas: An Aid to Premine
Planning. BuMines IC 8804, 1979, 50 pp.
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APPENDIX.--SUMMARY OF REVIEW OF DUST RISKS

Many dusts exist in mines, but not historical bckground. These articles are
all are harmful to a miner's health. Al- listed in the bibliography at the end of
though NIOSH and ACGIH analyze the poten- the appendix. Health risks of some spe-
tial health risks for dusts and set the cific dusts and fumes are covered in ref-
allowable standards for those dusts in erences 14 through 72 and are identified
mines, dust control and assessment have in table A-l with their specific refer-

long been Bureau concerns (1-13). Refer- ence numbers. General health effects are
ences | through 13 demonstrate some of discussed in references 73 through 96,
the history of that concern. while dust sampling techniques and gen-—

In order to develop a background for eral regulatory standards for dusts and
constructing the wmatrix, an extensive fames are discussed in references 97
literature search was conducted in other through 110 and references 11l through
areas of dust information besides 126, respectively.

TABLE A-l. - Dusts and fumes with potential health risks identififed from
the literature survey

Dust or fume References L .
Asbestos, including chrysotile | 18, 20, 22, 25, 29, 31, 35, 47-49, 53, 54, 62, 66, 70
Beryllium---.....n-...-.....- 19-20. 26, 33—34, 4[, 4‘0-45, 65’ 72
COAlecveoroncosaccacassnseaens | 15-16, 22, 51, 59
Diatomite.ccceseesncecosacaese | 24
Fluorspareceesesesesesccsccesces | 30
GOldesoeoreecosoncananssnssces | 21, 29, S0 71
KaoliNeeeoeeeeonoonnonosssasse ( 14, 32, 46
Iron, including taconite...... | 17, 23, 27-28, 39, 42-43, 57-58, 64, 69
Magnetite."...l....lll.l..... 52
Nepheline...cvccocveocnessneaes | 53
Phosphate-...-.--..-...-...-.. 60
Potash.iecssecacesecsoscensnaaas [ 38
Salt"..’.c"."'I.'....ODI... 56, 68
S11iCAressorensavscnsescsscsss | 20, 36, 67
Slatecsesersocrarsocsnssosvases | 37
Trond.eceveveoevovsesosasssnnes 61
Welding fumesS..coveesserecsces | 63
WOllastonite.--.--............ 40
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