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INTROOUCTION 

the fadl!'ral Coal Mine Nl!!alth •rd Safety Ac:t of 19691 (NTJended lrt 197-,2) 

eshbtl-"ed IIIIW"datory ct...t •tanderds 'for- United Stetes ...-dergrou-w:l end Eurfac• 

co.l •lnea. IEff«tiYif Ja.w 30, 1910, the averap C"Dnl:entratlon of respirable du&t 

In the actfw wort.fnga of U'dergrDU"'d t:oal •h•• .,.. to beo aelntalned at qr below 

:S.O WfG/.KJ .. 0'1 D.-ctlllbl-r SO, 1912, the :S.O rrel.} aandeted ~~ etatdllrd ttaa reduced 

to 2.0 -a/wr' .. on J\.hl 26. 19n, the 2.0 au/,} aterdard atao beeellll!' effective for 

aurface 110rt ere•• of U"ldertrCM.rd eoel •fnea and for aurface eoal •lne-s. the Act 

further atlp.~lated that the 2.0 ,.,,} illlll'dated atandan:l was to be udu::ed wh~ver 

the- quar-tz content fn the ruptreble cl.lst "*• vr•ater than fhe percent. the 

adjusted atanderd Ia dete.-.lned by dividing the percentage of quertl In the 

respirable dust Into the nurber to • .,...lch reautr:s fn • Nxl-.... e~~.pasure to que,rtz 

of 100 •u/,.3. 
Jhi! reference dust •Mpllng lnstrUNent for lfl@as.urlng respirable- dutt 

c::oncentratl~ ttlth re11~ct to 1M ll\lllfldllted stendan:f h the hleworth type 11JA 

(NJtE) gravlffl@trfc cllst •MJ'It'r, tloweverf rupfnble dust ~~easurenefltt In U.S:. 

c::oal •lnea •re ..de usfno a prsCX'llll •l!lrlf'l fng &vlc:e that wea a 10 ... f'lylon 

cyclone to aepente the ll.Jat •anpled tnto two frKtiOI'll; • reaplrabl~t- fr.etion &nd 

a nonrecpl,..ble fraction. &~teause the stu fnctlcn of the particle• penetrating 

the tO 11111 nylon cyclone h dffferent fr0111 the atu fr1ctloo PMt"tratlng the four· 

chwnel horhontat elutrhtor und en the MRE aaaplar, ~neaaurement1 obtained with 

the persona\ •anplfno ~fee ere tlllltfplllltd bra constant factor! (1.!8) to obtain 

an ~lvalenl MRE canc.entratlon. 

On July 15.~ t991, tht hsfttent Secretary of Labor dirifC:ted that a 

s~ch\ ln&peetlon progr.,. be cordx:ted tn a representatin h..lfber of the 

counlry'a ainlng ~:~peratlon&. Orv of the hlln abjectfvea of that progr• to~as. to 

obhln tnfo,...,tfon with re1peet to occ...,atiOOI'I exposures to respirable dust tn 

the nation•• urdergrlM..nd 11lnlng opoeoretfons. The pr-ogr-" resulted tn occup6tlonal 

exposure Musur..nts belna obtained In epproa:l•telr 720 Ml!ehanhed •tnln& Ulitl 

(coal gettIng ope-ret I oos). 

This paper presents a nvlew of the occ~.ptional ra&plrablt dust 11ncf 

quartz ex.posure deU that were obtained during the Assistant Secret.ry'a special 

in&pectlon provr•. 
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DATA. COHPILATIO'I AND MIA.LYSIS 

Qc:cupptioru~l b:nosure Dati 

At each wod:inp net ion whef'• • apeetat hwpe<:tlon waa eooducted. fult­

s.hift res:plnble dust tMples. were- collected on tlw occ~tiorw.. Of the fi~ 
occupetion& aanpled, ftW was to be the •deatgneted OCC\4]8tlon- (00) and one the 

roof bolter (if • roof bot tire operation waa pert of thl!' •inine operation). For 

l'l!'gulatDry purpose•. •designated occ~tlon"' Ia ct.fined as that occupetlan on • 

~o~orklng r.ection wf'llch previous s*""llng hal Pown to haw the highest rHplrabte 

dutJt a:~~.posure. J, a,_..,\e N81 8\ao ~:ollected of the tntak.e •fr being LBBCI to 

1tent llue the- worll::lnp section. ourtne the ~tat hwpec;tlon proor• 

approx\ ... tely .r.,DOO annples: r~e-untatlw of 52 cacet.4J18tlor. were obt•lned. 

all of the ·~lea eottectt<l W!re aN~lyr.ed 1ravl•trlnlty and the 

~I valent MRE ruplrabte INIU concentr•tlon deterwlned. s...,t .. Nlth aufflc:lent 

weight l•ln were •lso quantltatlwly .,.tyred for quartz eonunt wtng Infrared 

&pectrotcopv4. flture-s. 1 ard 2 1how, reapectlwly, the- (:.....,latiw tr~y 

ctiatrlbutton of the re-splreble ••• coneentratlon dete,..lnetiON for the 

occ~tlone\ .easur~ta ard the I:IZM..I\atlw frequency dlatrlbutlcr. of the q.Mrt.r. 

dete,...inat10t'l5 (as e pereenuge of the resptrtbole -•• c~C:~netntr-atlon) obtained 

f.-en~ anelyah. of the oc~:~tlonal aenp\ea. the date on Flvure 1 ahow th•t 

epp.-oxl~r~ately tt percent of the ooec~tlooal Me"elur...,..u •r• .t»ow 2.0 fi!GI,}: 

end, on fleur• z. t"'•t eppro~tl-u·ly JO ~rc:mt of the •*"'Pl" colleeted eont•lned 

oreeter than flw percent quar-tz. Aa pr-eviDU5ly di!ICU&al!d~ .. tnlnu oper-ation& that 

ttave greaur th..-. ftve pe-rcent quartz •n thetr reepl,.•ble duet •nt requlr~ tl) 

tleve thet r respl r~l~ Atst etardllr-d towered. 
A ca~~pl tat ion of the reeplnble dult •apoeUt"e data by •lntng type h 

ah~ Dn 1ebtn: 1, z. 3 ard 4. Schll!!ln8tles Htuuntlng typtcal Iongwell ard 

t-ontii'IUQUC type alnh'lt operations are shown on FlvurH 3, 4* 5 ..-.:1 6. Shown f)f1 

the res:pectlY~t tables are the ruther of &l!llllples collected on each of the 

f'e&pe<:tlve oc~:~tlons &81'11=1led., the evereee eoncentratlon repf" .. tnUtl~ of the 

•:qx~sure for that occ&.p~~tlon end the percentave of ..ea~Jurftlef"ltl that exe•..:led Z.O 

flQ/,;. teblu s. 6 .~ 7 show • siMilar type of compilation for the quartz data. 

Tht- dat• on Ublt- 1 for lOf"'gwell •lnlng operetlorw Pow that 

•pprOJI:ffMUly Z5 percent of the •••urements cbtelned an th~ DO wwr .. gr~teter then 

2.0 flfG/•3. The date en Table 1 alao •how that the rurber of tiiM'I (2'4) the 

exposure of tht- jacl::: setter occLpatlon (shield aetter) ext:aedl!d 2:.0 rtQ/~ wa• 

greater than the nu.ber of tl!t~!!t (21) the DO exeeeded 2.0 rqt•
3

• Analysis or the 

tndlviO..I DoCCl,pllt ional longwflo\ l eJ;pOSure data l!lhowed that •pproxl ... tely 
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50 J»erc:.nt of the tl• att OCC:14Wtlon oth.r than the DO., .. expo .. d 10 the hletteu 

cantentratton of reeplrllble O..t. 

Deta obtained on contlruous •lnll'llil operatlor. (room erd pillar) we-re 

dfvhled h'llto two catestodHI data fro. operatic:w. that l111lt •lning acfvllflC.e to 

'·1 Mtert (20 feet) before taldnQI a.ea1urH to •'4lPOrt the rDOf (f~le Z), M"'d 

data fNJta Qp.eratl- that "•w bMn •nnted ,.,..t .. lon to •lne to depth• greater 

th!Ml 6.t Mtert: (referred to •• deep cut •tnlng) before 1'4=1P0rtii"'CC the roof 

(Table 3). A aeh-tlc tlhatratfrw the deep c:ut •thod of •lnl'll h. shown on 

Ffsrure 6. Dperatlorw th.t •lne to depth• vreuer th.., 6.1 .. t•rs bef~ 

IUpporth~ tM roaf typically e~J~loy lnertfa_t ctu.t colteetora (acrU::beNI) an the 

•lnfng ..ehfrw _.,we .--.te control to eperate the IMChlne. Tht ,.._.,. c:ontrol 

enable• the contfnuou~ altwr c:IP!'rator., the 00, to be po~~hloned tn ~lean air that 

h being u.ed to ventlhte the varktne place, and the ac:n,bber red.Jeec the- ~t 

of dust exiting the wortlng pl~e. therefore, the ~algnet.cf oceLpatton•a 

e~ure on the-a. aper•tlor. ttould be eJC.pected to be t••• then the de-•lorwted 

oce"418tlon•a e:.rposwe on ~ret lor. t l•ftlng alnlna edvence to 4.1 ntera. 

Cc;npe~l•on of the dlita Cln hbiH I end J canfl,.... thh expechtfon. the 

pet"Centage of oee~tlonet •li;I)Ot-urea e.-.ee.di,.. !.D ~/,} ttaa eeven ptreent vreater 

on operation. ll•ltlng •lnll'lll edv-.;e to 6.1 Meters. thlt atven percent 

difference h •lonlfleW~t bee-• thttre .,., .-ppro.xt .. uty 1.8 tt ... .are 

c:onth-..cw. •lnlna oper•tl- tht ll•lt theft" Ww.-.c:e to 6.1 •ters. befot"e 

fNUllfne roof •·~l"t., thWI cper•ttorw lkivallCI,.. to depths (lreater then 
6.1 ~tera. 

fht date obulned for oee~..patlonal expoaurea 0n conventional •lnlng 

operattona (hble 4) &how thet epproxhnet~t\Y Z7 ~rcent of the exposurciJ -•sur-ltd 

o0n the c~ttfng -.chine aperetor. the designated occ\4)-etlon, were greater than 

2.0 ~I• • The data obtained on conventional lllnlna operations also •how that, tn 

general. th4> percentage of OCctJPIIItfonat exposur-es th•t exceeded 2.0 -a/,} "'" 
greater th-. for either th• Cona ... lt or continuous Mthod. of •lnlng. 

As pr•vlouaty ltated, l.t>les S, 6 •nd 7 res:pectlvelr r.h~ the emplletion 

of quartz exposure dat• of the different •lnlng Methods. TM cot~plletion ahows 

the JJereenta1e of •••ur-.-.ta. by occt..patlon for each llll!thod of .,_fnlng, that hlld' 

quartz. pereente1ea that napeoc:tlvel)' exceeded 5, 10 •nd 15 percent que,.u:. The 

dat. ahow that: for tongw1ll .lntnu operatlorw. (hble 5), appr-o~tl•tely 16 perc~mt 
of the llletsor-...ents cbt•fned on the 'OODwell ~rators •rd jact: utter& heel • 

qual"tz: percentaL"!' great•r than S percent; for continuous 11lnfng cpeoratlone: (Table 

6), approxl .. taly '0 percent ef the •-.ples obtained on the continuous •lner eod 
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his helpoeor end 1r10re than SS percent of the aenples for tho•e oc:e~,..petiona Involved 

tn th. roof bolting oper-ation contained greeter th8n five percent quartr:; and, 

thet for operetl0011 ~toying conve-ntional •\nino lftethoda (Table 7), epproxl•telr 

10 pe-rcent of the s.nplH collected on ell occ'4l'!ltionc except the roof bolter hw:l 

e q.Jet'tl content gruter than five percent. for the roof bolter oc~tlon 

37 percent of the 8811'plH h-.::11 QU8r"U content• greatet" th~ fin percenta ,.._., 
Between July 15 end October 30, 1991, • epee lei lnvntlgatton wae 

conducted tn tJ.I. l.l"'doervrOt.rd eoel •lne• to .. ee .. occ::~tion~~l expoaurn to coal 

tnine- dust. 1he etudy ehowed that while approxiiNitelr 89 p~~rc:ent Df the 

occ1.4>11tlcnal eKpOsuN:e to re•plrable coal •fnea dust ~~ere l"• th*1 2.0 .rQI,}, 
epproxt-uly I! percent of the face occ:a.ptlons euoet.ted with the ehearlnG ...-d 

jack uttlng proee .. ea on tonpwaU 11\lnlng opentiCJrU, 21 perc:ent of the contlruous 

mine!"' ()p@retora, helpers ancf roof boltert o.-, contii"'IUUUt 11lnlng operations 

etrploylng en exh~tlna hce ventfletlon eyeteM and !6 percent of the loading .,-,d 

cutting ~nachfflj! operator• on c~tloo.t ~~~:intno operatiOf'IIS h.cf ellpOSuree vr•ater 

than 2 .C ~I•J. It a tao showed that • htgh ~t"eentego& of the s~l@s eoll~ted oo 

the continuous .,lner operetot" •nd roof bolte,. occ~tlord conUined greeter then 

five percent quert:r.. 
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TABLE • -OCCUPATIONAL EXPOSuRES 08J,A.tNED CIH 
COtNENTiONAlMINlNG OPEAATICIHS 

NUM8£AOF AVERA,GE "-GREATER lKAN 
OCCUPATION $AUPLE$ l1mo1m• 

COlli Dfll Ooe.tatOI' .. ... 
cun.-.~ LIA.CHLNE OPERATOR" 70 '. Ll)lr.[)ltfG UACHIHE OPERATOR . , .. 
ROOF 80\.TER (S.IN~L£ HEAOl .. ... 
Scooo C•r Ooerator " ... 

TABLE 5 - OUA.IlTl' CONTENT OF SAMPLES OBTAIN EO Qfol 

l.OHGWALL UtHING OPEIU.TKJNS 

1Gihl)fm• .. .. .. 
" .. 

foiU .. BEA OF -.,OF SAMPLES GqEA.TER THAN 

I 

OCCUPATION SAMP\.ES ... ..... I ..... 
LCINGWA.U OPERATOR .. .. 

I 
• ' (TAILGATE SlOE) 

~al()pafaUH ., ., 0 0 
ftteaopraSodot) 

JACK SETTER ... .. ' 0 
H••d98 .. ()pl.t'aiOI" .. . 0 • 
"""""""' .. • • • 

TABl.£ 4 -QUARTZ COHTENl OF SAUPlES OBTAit.IEDON CQNTaNUOUS 
UINWG oPERA T.O. ... S 

t NUMBEROF ~OF $AMP'LES GREATER THAN 
OCCvPA.l)QN SAMPLES ... 10 .. .. .. 
CONT..,UOUS .. INER OPERAT1 ... I .. • 2 
CONTINUOUS .. INEA hELPER Z2l •• • . 
Roof Bolltf rr -on HeaCQ ... .. u . 
.,. .... Side 
OTtiE~ AOOF 80l.TER 110 •• .. • ROOF 801. TER HELPER •• .. .. • :S..C\101'1 fOf•rnan .. 20 • • bauo•" .. .. 10 " ShutUIIC8rOPet•IOI' ... 22 • • (S'-..oer• Sooe) 
$lllunlll C•r Opef atOI' ••• •• • • fOft 5W'odard Social 
&.coocJ Car OpefaiOf ... ., • • 1raaar o,:.ra10riUotorma" .. •• • • Mablte Brw::age Op1nat01' .. •• 0 • 

. :~; !:' ........ 
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