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We are faced with the need to develop
new techniques; new cquipment; and new
thinking if we are to develop and produce
the mineral materials which remain immedi-
ately available to us, fet alone hnd new
deposits covered by hundreds of feet of
averburden,

) Contrary to the situation which existed
50 years ago, there is, today, 2 real dearth
of qualified candidates 7or the jobs available
- our industry. There is an acute lack of
young people training for technical or super-
visory positions. The closing of mining
:\'chnnls, due to a lack of students, is shock-
mmg. | cannot help but attrihute twse con-
ditions o the unfornmate image which his
heen created.

Our Natiem 15 committed 1o assist new
mations in their efforts to improve living
standards and our industry is dedicated to
do s part in meeting domestic needs as
well. Netther of these objeetives ean be
met undess we make a dranaie clinge in
nanpower avulability, Competent technical
~hills sl bes needed o Tielp the CIeTEIng
countrics develop and produce their resources
s well as iind-ore-bodies not rendily appar-
em Trom sarface manifestations. Similar
talents will be urgently needed a0 home 1
we are to maintain our own standards of
lving.

As a result of these almost unprecedented
demands,  cvery effort mwust be made 3o
present  to the potential candidate for o
Catural resource carcer a true story of the
opportunities that exist within our industry.

Conservatives in the mining indusiry have
ln“cn slow o recognize that a revolution Lias
hit our hulustry Science has heenlet i the
!);u‘k doot with sceming retuctance. The min-
mg engineer is, too often, resirded as a
doer rather than as a thinker, and little
credit has been civen to the development of
the minerat ~ciences,

In modern mining ane can <ee at least
three distinet fields of scientific application
\_\'hich arc rapidly becoming apparemt. The
first requires an approach from puree mathe-
matics and physics to rock mechanics and
cnviromental engineering, The secomd  pe-
quires an approach from statistical mathe-
matics to valuation, control and cconomic
cr{gixlcerilxg. The third embraces the social
sciences with applied physiology, ergonomics
and even psychology invading the field.
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All of these revolutionary changs
50 vears ago van do little 11 we el
provide a sale and stable wnrking’
ment. Whiere our fathers designed e
ported  their warkings by shirewq
and experience, we o ean today agg
quahitative  knowledge; and our ny
;l}l«l Mrowiny precision in numerica
tion, ’

but be assured that our national
uld be seriousty jeopardized with-
| products and  survival  could

" enalive,
jate WO!
minera !
Jictate such actions.
ﬁu‘ﬂ though Agricola ]l()lllll(,‘ll up our
bl over 400 years ago, l'llﬂc progress
1, snce been made in appraising the public
1 e importance to them. Our vote _[)()nzn-
s so much less than “other minority
wn” that our voice is seldom heard or
pmblcms considered in political circles.
gmhmcnts of mnational minerals siguifi-
e are 100 often made without painstaking
‘gawhation and analysis which under emer-
. § vitcumstances can danverousty deplete
ot ¢usting mineral supplics withont Teasible
‘dhun ot replacement.
"U'"inmmt help but repeat again and again

With so many obvious opportunis, §
challenges facing our industry, the o
talent 5 at once apparent. We myg
out to our sons that these opportunitie
and that they are as fully  challen,
any which are publicized in the exw g
soplisticated fields of space or comra
tuon. We must emphasize that ultimae
ey is not the reward Tor 4 minerals
and this s attested to by the reen
have made. We must pomt out thy

Mining Industry

——we st not let another 400 years go by
betore effectively apprasing the public and
its political representatives of onr industry’s
signilicance to maional well-being, its oppor-
tunities, its challenges, its sccurity, its true
family  environmental  advantages, and its
working conditions.

You men in this accident prevention ficld,
closely cooperating with industrial relations
people, have iid atiem foundation and have
built 2 sound stracture. You have a mar-
ketable praduct {or Awerica and the world.

Our job is now to sell ourselves. Only in
this manner can we hope to have men in
the mnes and minerals avatluble to avert
national disaster and meet our world com-
mitents to bring an enduring peace to a
mineral-hungry workd,

¥ e ———

mining conununities offer families o
nities to slevelop under the mtuence «F
best aendemite,  medical,  rehigious, -{
and recrentional Tactlities. 4
This i< not @ new problem, but weg
COney i more acute than when Agoeof
1330, reported as Vollows: ¥
?

“Nany persons hold the opinion &
metis mdustries are fortaitous mmt

the ocenpation is one or the sor § )
and altogether o business reyuiring » Yie overall problem of dust huzards re-

much ~kill o tabour. But as for = * bin o health is only partially solved. Much
when 1 retleet varefully upon s Wi been learned in the past and put to uses
points one by one, it appears to g remains to be done. The complex
otherwise. For the miner must hnef Prddems which remain require combined
vreatest <kill m his work. | .7 .*’""' in the fields of engineering, physics,

Modern nations. Tike mne do ot b '!hmhtry,'toxicology, physiology, pathology,
, . il medicine,

bread alone, but by the evergrowin €
amption of metals for ools and & Ueedink, or relationship, between hazards

products. Nations desperate or these 4 *1 their adverse effects on health is the
# BEanent of exposures to predict their bio-
¢iv effects. Precise and specitic means of
E v enent would permit accurate predictions
¥ sflevty, and economical and cficctive con-
5l of the hazards. Completely satistactory
Bothody for the assessment of exposures (o
# are not yet proved or in use,
5 l‘l‘f\'hc' definition of the causc-and-effect
Ftbndiips in the pneumoronises is espe-
“'1 ‘“ﬁcult, because discase may  first
et & number of years after initial
: Hjunares,
m dlsicussion reviews some of the rela-

bgt\yeen dust hazards and health by
g the nature of dust, the way the

oftenn take ill-conceived measares to @
them, A hunery world 15 not a
world- nd the world s hunwry o2
with which to produce.

We must, therefore, he in oa posie
assist in the ovderly Jocation and 4
ment of new ore deposits whereve!
may oceur i the world, Onlyv a well?
cadre of <kills, available to our new
will allow our industry to make sign
contributions to world stability.

The Russians, Jike the Roman of ¥
day, put political prisoners and com
peoples in their mines. God grant !

will never be faced W

el
Wit

DUST HAZARDS RELATED TO HEALTH

By ROBERT L. HARRIS, JR.

“leld Investigations Section, Abatement Branch, Division of Air Pollution,
U.S. Public Health Service

respiratory system capes with dust particles
which are inhaled, some of the aspects of
saaipling to mweasure degree of exposnre, and
some of the etfects on health which may
result from excessive exposures.

The Nature of Dusts

Dust  pacticles which are hazardous  to
health when inhaled are invisible to the vn-
aided eve. The smallest particles ordinarily
seent without macnifving devices are abant
30 or 40 microns in size; those which are
hazardous are ordiarily smaller than 3 or
10 microns. (1 micron is approximately
1725,000 inch.)

Small particles, those in the range of 1-
micron diameter, behave i air much differ-
ently than do particles which are large
enotigh to be scen, These small particles,
once airborne, remain in the air for long
periods of time. For example, quartz par-
ticles of l-micron diameter settle only 0.01
foot per minute in still air. In turbulent air,
if sedimentation is the only meclianism of
removal, half of the l-micron quartz par-
ticles in a 7-foot-high space would still be
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arrborne 8 hours after generation of
h:ui‘ stopped. A T-micron quartz
Arojected into still air with an initial
ot 10,000 feet per minnte (about 100 miles
per hour) will lose it mowmeninn m o i
distance of 0.01 incli and will thereafter
settle or move with air currents. Particles
%Ill:l“(‘l‘ than about 12 micron (0.4 micron
tor quartz, 0.7 micron for coal) in dicneter
are ;\Hn{ctcd wore by Jorees of ditfusion than
Ly the force of gravity. At ordinary tempera-
mrc?‘, the Brownian displacemment in air of
pzlrvuck.'s of this size s about the same
their Stokes settling velocity, about 1 milli-
meter per minute. Thus, the dynamic chie.
acteristics of small particles are such that
onee airborne, for al) practical
they move with air currents,
has o ncg‘ligiblc etfect upon
concentrations i normi]

:mtl.thc kinetic energy they
eridton is gcklh :!i‘:ip:m-;l.

dust
particle
veloctty

s

purposes,
Sedimentation
dust particle
work  situations,

Prossess at wen-

) [’:\1"(1«‘1\- see is also HUpOrtmE in mntters
mvolving the composition of duste Dust prao
duced v dritlie or : '
necessarly

~‘Ill\’zin': ook o et
have the wame COANPOSHLON s o
the parent rock. Fvert in duse
Become airborne the small par-

sample of
which
teles may

fias
Iive composition disferont 1o
Three Kinds of samiples
host rack, ~ettled dust, g aarhorne lll)\l'
were obtained Trom cach of e focations
e metd uiness To fractions of the settled
dust samples were analvzed: one v
contatned all particles wh
323 mesh sereen (

1N

the larger ones,

] Fraction
which pissed throneh

—_ )3 N y )
220 miesh friction),

:llu- ather congnimed by parneies analler
l‘).m about S-microns diimctor (3 g free-
ton). The wirborne samples were tahen well

[ . ;
ownstream cront the poings o

to

e Leneration
permit large particies to ~ettle
sanpling,

L Prior to
4 These results mdicate
l.l'cc stica content with
size.

decreasinge
decreasing partice

D.‘ft:i from some conl mines Jhowe more
Zl.\’!l m urborne dust than in the coal ln'in":
lll}xlu[. I the airborne  dust from zln-\';
mines, the sample {ractions contammy un.l\'
particles of small size have a lm\'u; pcr--
centage n_f free silica than do 1he fractions
with Particles of larger size. For cx:xmplé
the fraction containing only particles qmlecrv
illnt"n 5 microns may contain 2 ;‘cr':";-' free
silica, whereas the gross airbornc“é.:ur‘\i)lé
may contain up to 20 percent,

8

coevt

o

The coal ~cems to break
igh dmpuriey or Righ ash)
the dost generated, the particles
[L‘l.lll to be Larger than those of (:zl
fnuu-mlx. These data dlustrate that N
tes and particle dynaunices have cﬁ‘_“‘“‘i
the cotmposition of dusts. o

:l]ung it
Conteny, 1y

Respiratory System

The respitatory surinee ; i
a nnrm:lll man )r'l:)l‘r.lc‘:u[ . lht.‘ s ¢
Lo - ange: rom  aluy A
square Leet at rest to about 1000 sMare
at flcu]xcst nispiration. The 1119!11'11"1|;t-
rating the alveolar wir SPACe from r;:« “!‘:h
bload may he only one or two el w u.
nesso In the course of an - 3-hour .L,d
mm_lvr:_llc work, a man breathes :xl-ma':
r.uluc teet of air. Coutrase the fﬂn'(‘d\rmu"
tion exposure of the large defiae |
srtaee with the ambient aip [N TRITR
Ihu.\'kin_ which has <ome 29 SQUALE joed £
~urtace and ac thickness measured el
meters s evident that the B o
by dar the most extensive and b
contact of the Hody with the .l
Admosphiere,

i

5y
o

The respivatory tract of w1
successively feom the trachea to e
to 100 nattion ultimate hranche
branches terminnte in some 300 i w
NACS,  or ;11\'_mli. The cross scction of 4
trachea s abogy 2 SUAre. centimelens, o
the combined eross sections of the aivwis
dt_lct.\:, whicl handle about the ~ume U
o atr, are about 8,000 square ceniunet

llaa

'J.'Iu- acrodynamic behavior of puwk
varies with size, density, and shape i
Sonor dust deposition fn the e i
systemois o simplified by the concept #
"f-t|lli\‘;|lvnt size” of particles. The cqu b
Sze ol particle is the diameter b 4w
<_It'n.\il)' sphiere which has the same wrwief
talling velocity in still air as shes o
particle, ’

The respiratory tract, with its ek
b.r:uu-hvi amd tortuous passagewas, W
lighly etticient dust collector, Fasenually
particles greater than 4 or 3 nrierens e
lent size which enter the respiratory nee®

1-mjcmn equivalent size appear o I
postted and  the other half exhaled. tk
sttes of deposition in the system are ditired
tor various sizes. .
Some studies indicate that particles

are deposited in it Abow hali o "““:‘ 5

Moo 3 microns equivalent size are
iled, for the most part, it the apper
story system, thut_is the nasal cavity,
’b,gmhea, the bronclu;xl.tubcs, :n_ul n(iu.'r
il ges; whereas 1>;\r}1clcs 2 microns in
. “'km size are deposited about equally
& e Upper respiratory system and i the
}vhr or pulmonary air spices. Particles
e | micron in size are deposited wmore
Fently in the alveolar spaces thian clse-
j - essentially none are collected i the
P pespiratory system.

Athough the respiratory system is a very
wat dust collector, all of the dust col-
wwd i not retained. The system has a
oHy efficient mechanism Yor removing the
;i\ltd dust. For example, during 30 years
4 surk @ coal miner may inlade and collect
¥ % respiratory system 10 to 15 pounds of
&, hut after this 30 years, his Jungs may
wudit anly 0.1 to 015 pound of dust, The
#oewey of removal is thus in the order of
Boenent,

the primary mechanismi of clearanee in
B¢ wppep respiratory system is cihiary action.
“eorespiratory tract, from the epiglottis to
& einal bronchioles, is lined with cells
~ag minute hair-like processes called
<k The cilia, by continuous whip-like mo-
~ amse a3 hlanket of mucons-like tuid
« A gpward on the surfaces of the air
#+tes, This blanket carries dust particles
< uifer foreign materind upward and out
&t pespisatory tract to be swallowed,

"‘Mhtu in the alveolar spaces do not have
he primary clearance mechanism here
4 Wugocytosis. Phagocytes are cells which
*vill foreign materiads such as dust pie-
*a4 These cells appear in the iungs, possi-
» by (ﬂscngaging from the surface hmng,
«4 wigrate with their burdens of foreign
'f‘““ either to the pulmonary lymph
o outward to the cilinted air pas-
'y, where they are carried away by the
2ty wetlon, C
_f:‘l;l::t the efficiency of lung clearance
‘*Il.Ml"I smali.decrensc in it may result
‘ "-‘n‘f"«i ‘nm:i:ease tn the amount o m:m{rml
e lungs. Severad observations

gok

* Intetference with lung clearance have
ﬁlﬂde. The efficiency of lung clearance
h fo dCCl:CaSe with increasing  lung
Irritant gases have been shown
Or stop ciliary action in animals.
thals which appear 1o be toxic to

Mining I'ndustry

phagocytes reduce thar effectiveness in re-
ol material irom the puhnonar,
spaces, The mechimam pulmonary  de-
position aad clearance deserve, wd undouht-
edly will receive, a great deal more stody.

vl
ol

Dust Sampling
Any program tor control or reduction ot

exposures to Just requires a means of asses-
s of sotw

st exposures. Since the ctiolo;
occupationad discases, particalarle the poen-
mocotioses, are not fully known, it is net
possible o dehine all the characteristios that
coniribute to the toxicities or hiologic effeets
af dust. Al of the sampling methads used in
diffecent parts of the workl for estimating
exposures (o mineri] dusts are empiricid.
None ts an absolute method which will vichd
data from which the hvgienic siguificance of
exposures can be precisely judaed.

fn the United States, the American Con-
ference of Covernmental  Induseriad Hyei-
enists promuleates Threshold Limic Vildoes
for toxic materids for use by oindostriad
hveteni<tz as gondes in devising control

vecupational  exposures. Threshold e
Values have been developed  for o nnmber
of toxte dusts, The Threshiobd Dimae Vil

tor dusts with
cadmium, for example, are ordineriiy oox
pressed inomass units, e, i mitlierons per

cstemie tosaeities, lewd

cubte meter ot air.

Sampling for such materiads may he Lo
tilter or other means wlhich vollect adl ot the
airborne material. The Threshaold Lina
Viadues {or  pucumocontosis-producing min-
eral dusts, on the other litnd, are expressed
in terms of particle count; the customary
mit of concentration is millions of particles
per cualic Toot of adr (mppet).

The Threshold it Vadaes
dusts can be used to judge oniy data yielded
by a standard procedure of impinger -
pling in liquid medion and Lghifield nneen-
seopic counting of the collected dust. The
Threshold Limit Values for nnneral disas
cannot he applied to data from other particle
count methods of sampling.

The standard method of impinger siunpline
aedl counting was presented e 1942 ar g
meeting of the Natonal Conference of oy
cernmental Tndustrial Hygienists, Becanse the
method is empirical, it must be followed
closely by all irs users if data obtained by
one person are to be comparable to those
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obtidned by another. Fven then, vaciables n
sampling and counting  within  the methaod
as it is described may permit two investi-
gators, both applying the method skillfully
and conscientiously, to obtain guite difierent
results to represent the same environment,

Sampling may have different purposes,
which merit employing ditferent techniques,
These generally fall into two major cate-
gories: (1) sampling for engiucering sur-
veitlance, testing, or control and (2) sam-
pling for health research or epidemiologic
purposes.

Engincering applications of sampiing may
include locating sources of contnunation,
monitoring  performance  of  envirommental
control systems, or doing research in such
problems as collection efficiencies o1 air
cleaners. A sampling program for engineer-
ing purposes should be designed to yield the
spectic information desired. For example,
one might need only 2 single sample berore
and anothier after @ chiange in ventilation 1o
deternune whether the clizinge fis had the
destred effect.

Hygienic applications of sampling, on the
other hand, may he directed at predicting
the headth effects of s exposure by compar-
ing sampling results with hyvgicenic guides,
determining compliance with heaith codes or
regulations, or research to detine as precisely
as possible euvironmmental 1actors for com-
partson with observed medical ofivcts, In
the latter case, sampling may provide the
basis for development or relinement of hy-
gienic guides such as Threshold Limit
Values,

Swnpling for amospheric particulates pro-
sents quite different from those of sampling
for wases and vapors. Gases and  vapors,
when anbaled, can penetrate all portions of
the pubmonary system and follow the L
of distribution by dittusion and absorption,
The sizes and densitics of particles, on the
other hand, are major intluences in deter-
mining the sites at which they will le
deposited in the pulmonary  svstem., Since
the etfects produced by particles trapped in
the nasal passages or deposited in the cilinted
portions of the pulmonary system may be
quite different from those of particles which
arc Jeposited deeper in the pulmonary sys-
tem, s_izc-sclective sampling is generating
increasing interect
hygienists.
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amane indoaceriad
ameoeng mgusirial

At the l‘nvlll!mrnnin\?i_s: C({llicrcnw lieid o
Jnhnmwfl»urg, South ;\.trl_ca,‘m 1939, in whag
experts in- pueumoconiosis from all yye B
\vnrh_l participated, 1t was concluded that
the light of present available evidence g
hk_‘st single paramieter o neasure in the gy
of L:().'ll dust, 1s the mass concenlr:uim;j
rcsplrzfl,lc dust, 5ln<l m the case oy AN,
dust, is the surface area of the revugg
dust.”

The respirable Fraction of a dust hagt
was .lhcn defined as all particles smallep ey
I micron, hali of those of 3 wmicrum, "
none of these 7 microns or larger in il
lent diameter. Sampling devices hiuve hei
developed to sample this respirable fras
They either reject particles too Lirge 4
penetrate to the deeper portions of the luy
or colleet larger particles in a PIE-sampié
=0 that the respirable portion can be collad
separately Tor weighing and analvas®

The resuits of sumpling for i e
uch devices, either for cravimetry otere
nattons or {or deternination of composes
cannot be interpreted by use of onr vusiem
Threshold Limit Values or similar g
for judzing exposures. Such sanplis, e
Cver, may represcent aosensitive aethiod oy
predicting the disease-producing potential o
exposures o mineral dust.

The devices micht also be usal o b
tinguizh the portion of an exposure tn e
dusts which results from pulmonary abwog
tion and the portion which results fre
absorption through the vastrointestmal ine?
Such smoplers ave worthy of much s
~tudy and use than they now receive o ke
couttry,

Some Eyfects Jromg Exposure o Dt

The two types ol cecupational diead
which may result from exposure e dust ¥
the poenmoconioses and  chemicad """‘M,
tions, Pneumoconioses are diseases o #
lungs which resolt from exposure ™ o
Chemical intoxications are not linuted o
hungs and are characterized by owal os W
tematic cfiects, which result from remid
to, ot absorption of, toxic materil

The most commen  pnegtloconoses .&
silicosis, coal workers preumoconiests |
asbestosis. These disenses are characl
by pulmonary fibrosis, which is detew

chest N-ray examination, and by unpa
function as the

S R ey
G puaanonary

progresses,

41963 the Public Healh Service pub-
u«d a report by the Service and the Burcau
1Yines on a study of stlicosis in the metal
g industry.® In this study some 14000
okers at some 50 mctal mines were ex-

- aned. X-ray examinations showed a crude

wvlence of 3.4 percent silicosis among tlfv
g.{ypopulation. The prevalence nf <ilim.5|\
08 underground workers was abont twice
yramong surface workers, 4 pereent versus
;3 percent. Underground face workers

 awed an overall crude prevalence of about

‘;efccnt silicosts.

in 8 further breakdown of these data the
a8 for face workers according to years
swork were: less than 10 years of work,
i} percent silicosis; 10 to 20 years, 2.5
acnt; 20 to 30 vears, 11 percent; and
s# than 30 years, 20 percent.

It is reasonable to snspect that older men
dered higher dust exposures in earlier
an than are common i the industry now,
tmatter was exanuned in same dearee
yammparing silicosis rates antong men who
viked in metal mines at some time prior
«he year 1935 with rates among men who
wdhed only after that vear. The exaumina-
#showed 8 percent silicosix among men
«ih 10 to 15 years of total work in metal
~fng, but with some work prior to 1935
‘mpg men with all of their work experi-
g after 1935, 20 to 25 vears of work
~diwed a silicosis rate of 7 to 8 percent.

Yhus, the earlier exposures seem to have
«wlted in the 8 percent rate of silicosis with
4t 10 years less work expericnee  than
1 the later exposure.

w May of this year, the Divi<ion of Occi-
~emal Health, Public Health Service, -
vaced the results of a1 stndy of  coal
vahety pneumoconiosis among a sample of
Yawhichian bituminous coal miners. The
’f_"iukllcc of the disease among the active
T examined is about 10 percent ; amony
“thied and other inactive miners examined
”.ﬂ\! is alr_nost ?0 percent. More than 20

6t of active miners in the 53- to 64 age

e are affected. The duration of exposure
;i"::‘:: bc very significant, the prevalence

increase markedly among groups
mm?“ than 20 vears of underground

lem of pneumoconioses is far
. Control of the disease depends
ol -ofv exposure. All presently

Mining Industry

aviaatable knowledge shouid be applicd toward
control, but this Is not sulincient to assure
that the disease can be ccouonically  con-
trolled in all cases. Additonal medicat and
cngineering studies are needed to tind the
most reasonable, economieal, and sure means
ol control,

Relatively few problems of intoxicadions
from dust arise in actual mining operations,
but they are not infrequent in milling and
simelting operations, The etfects of absorp-
tion of toxic dust are extremely variable.
Effects may range from musele and  joint
paint from antimony compounds to clills and
fever from zine fumes, Some  chromm
compounds  may  cause luny annd
perforation of the nasal septum; manea-
nese may cause staggering, high  stepping,
and other gait disturbances; and mereury
mav cause irritability and emotional insta-
hility.

cancers

In contrast to the pnommocomoses, wiech
do not regress with any known treatment,
most chemical ntoxicaticns respond  Tavor-
ably to medical treatment and cessatien of
CXPOSHIe.

Nuninary

luman lunes are size-sciective dust col-
lectors, Only refatively small particles, qen-
crally those less than 5 microns in diameter,
reach the alveolar spaces. Such smadl par-
ticles move  with the wor currems ;s they
settle very slowly in <till atr, and cven when
thrown into the air with high velocity they
travel through the air only a short distance.
The Jungs have a very brue surface, 300
to LOO square Teet of very delicate tisaie.
This surface 12 exposed to contuminants in
the air breathed, The Junes have gordd de-
fenses agains<t particulates: when amm-
paired, these clearance mechianisnis remove
about 99 percent of the tsoluble dust de-
posited in the lungs,

The control of exposures to dust requires
@ omems of assessing dust concentrations in
the air. Methods used for sampling sod
quantitating mineral dust cencentrations are
empirical, and results vicided by one method
canmot be judeed by standards hased on
another. Even with a single method, for ex-
ample, the impinger swmpling and counting
method, differences in application can cause
differences in results obtained by two
investigators.
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