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Summary of longwall and continuous 
miner section noise studies in 
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and Safety Act of 1969 established 
requirements for protecting coal 
miners from excessive noise Sub-
sequently, the Federal Mine Safety 
and Health Act of 1977 broadened 
the scope to include all 111inc1s re-
gardless of mineral type (Code 
of Federal Regulations [CFR] 30. 
1997). Since the passage of these 
Acts there has been some progress 

Prolonged exposure to noise can 
result in permanent damage to the au・
ditory nerve and/or its sensory compo-
nents. TillS irreversible damage. known 
as noise-induced hearing loss (NIHL), 
makes it difficult to hear and under-
stand speech. NIH Lis the most com 
mon occupational disease in the United 
States today. with approximately 30 mil・
lion、vorkersexposed to excessive noise 
levels or to toxic agents that are potenllally hazardous 
to their hearing (NIOSH, 1996a). The problem is par-
ticularly severe in all areas of mimng (surface. processing 
plants and unde叩 ound),with studies indicating that 70 
percent to 90 percent of all miners have －一一ー一一

in controlling mining noise In fact, 
data from more than 60.000 full-shift MSHA no目CSUト
veys show that, in general. the noise exposure of selected 
occupations has decreased sinee the 1970s (Seiler et al.. 
1994). However. for these same survey民thepcrc剛山1ge

NIH L great enough to be classified as 圃圃圃圃圃圃
a hearing disability (NIOSH, 1996b). Abstract 
An early analysis of NIHL in I .500 coal Noise i11d11ced h配・1ri11gloss (NI /-IL) 111 
miners revealed an alarming prevalence’11i11e1vorker.1；，凸pecia/ly1111de，苫ro1111{, ・I 
of severe hearin且l。拡as叶1。wnir、Fig. coa(111i川rersconti1111es 10 l,e 11 
I (NIOSH. 1976). For example, by age 川 rhemi，川，g川drwry.n,e rece111/y 
60 more than 70 percent of the mrners e1111ctedル'1SHAnoise srm,dard, Pan 
studied had a hearing loss of more than 62 -Occ11pa1io11al Noise Exposure 
25 dB, and about 25 percent had a hear- (Federal Registe1; 1999), is aimed ar re-
ing loss of more than 40 d目的1ci11gNIHL in the 111i11i11g川dustry.
In addition to government research- The U.S. M川io11a/l11stiflt1e for OcCII-
C悶 Weeks(1995) reported that the parional Safeり，and Health (NIOSH) 
policies and practices for preventing i.1・ co11r111c1川ga cross-sectio11111 surνey 
oαupational hearing loss among min of noise so11rc出 川 dworker noise 
ers are inadequate and noted that thereιrpos111・目的。ddr出 SNIHL i11νari-
are deficiencies in nearly every sector: 011s .aspecr.1・ of coal 111i11i11g i11c/11di11g 
surveillance of exposure or of outcome. surface mining, coal p1 epararion 
analvsis and川崎rvention.Amore recent plants仰げl1111dergro11nd mining. /11 
an刈sisof NIHL i『1n、iners剖10、、，edan 川 de，百叩II
apparent、vorsenin且ofNIHL’assl、o、，vn noise surveys, consisring ofρdi-shift 
川 Fig.2 (NIOSH. 1996b).111is am’lysis work四 noise町posure,time－’norion 
of a private company’s 20.022 audio・ s111diesand eq11ip111e111 uoise profil-
grams for 3 449 coal miners indicated ing, /1ave been complered on /011givαII 
that the number of miners、vithhear－。，rdco111i111,011s miner sec11ons in six 
ing impairment increased exponentially 川1dergro1111dcoal川川es.The s111dies 
w11h age until age 52. at whrch time 90 reνea/er/ rvidely varying shift-lo・s'1ifr
percent of the miners had a hearing 1vo1ker expo.mies, 1vi1!, 1vorkers in 
1111p<1irmcnt. NIOSH defines hear- certai11occ11patio川，0111i11ely出 posed
ing impairment as an average hearing 10 po1e111ially hazardous levels of 
threshold level of 2SdB or greater for noise. A s11111111ary of these studies 
the frequencies 1,000 2.000, 3,000 and is re11onerl, inc/11ding worker dose, 
4.000 Hz (NIOSH. 1996b. 1997). so川・ce/doserelationships and equip-
The Federal Coal Mine’Health 川 町 II，刷

of coal miners with noise exposures 
exceeding federal regulations, un-
adjusted for the wearing of hearing 
protection. was 26.5 percent and 
21.6 percent for surface and under-
ground mining, respectively (Seiler 
Ct al.. 1994). 
Despite the extensive work with 
engineering controls, education and 
hearing conservation in the 1970s 
and 1980s, NIHL is still a pervasive 
problem in the mining industry 
(Federnl Register. 1996). MSHA re-
cently published new Noise Health 
Standards for Mining (Federal Reg-
ister. 1999）’and one。fthe cha 
is the a仁！optionof a provision similar 
to OSHA's Heari『1呂Co『1servatio1、
Amendme，、t.MSHA con《：ludcdi I 1 
a reeent survey that if an OSHA-
like hcarrng conservat旧nprogram 
were adopted. hypothetically. 78 
percent of the c沼almine『Ssurveyed 
、.vouldbe required to be in a hear-
ing conservation program (Seiler 
and Giardino, 1994). Other require-
mcnts of the new regulations are a 
permissible exposure level (PEL) of 
90 dB(A) TWAS (which stands for 
time weighted average-8 hour and 
is defmed as the sound level that if 
constant over 8 hours would result 
in the same noise dose as is mea-
sured !Federal Regis/er, 19991); no 
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engmeenng control decision-making. In many問団主 the
data arc spcci日c10 machine type and were obtained for 
characterizing noise sources rather than exposure assess-
111e111 11】ereis also a great range in noise levels for a given 
occupat旧n.For example, noise levels for continuous 111111-
er operators range from 80 to t05 dB(A) (MSHA. I 997) 
s determined usmg the new Noise Health Standards, a 
noise level of 80 dB(A) translates into a daily noise dose 

ofO percent, while a 105 dB(A) level represents a daily 
noise dose of 800 percent. 

Yet at prese11t守there,s insufficient information to 
explain this great variation in exposure for this and other 

mining occupations and an understanding of this vari 

ability is necessary to identify appropriate solutions. Spe-

ciflcally, 11oisc level data are needed that provide a time 
exposure histo1y for workers in addition to further infor 
mation on noise sources. This mformation will provide 

the basis for targeting and selecting engineering controls, 
in con、binat,onwith administrative controls, and the use 
of personal protective equipment守toreduce noise expo-
sures among the minmg workforce. 

credit for the use of personal hearing protection: and the 

primacy of engineering and administra11ve controls for 

noise exposure reduction. 
Complicating the problcn、ofNIHL ,n 111111ing, much 
of the existing noise and worker-exposure 111formation is 

outdated and has limited value for current research and 

Scope of『esea『ch
・n11s research effort was conducted at six underground 

coal mines located in Alabama. Colorado. Pennsylva11ia 
and West Virginia l11irty-three shifts we1e spent collect-

ing approximately 333 worker noise ex_μosures,43 worker 
task ob抑制ionsand 80 equipme川 110,seprofiles. Workc『

11oise exposure was monitored using Quest Q-400 Noise 

Dosimeter民whichwere configured 
to monitor the MSHA Permissible 
Exposure Level (PEL) (TWAS of 

90 dB(A). or equivalently a dose 

of 100 perce11t). Task observations 

were conducted for workers who 
rout111cly experienced noise expo-
surcs above the MSHA PEし
’Jl1e equipment noise profiles, 
which were made using a Quest 
Model 2900 Sound Level Meter, 
mclude both longwall and contin-

uous mining section equipme11t 
The measurement recorded was 

the A-weighted linear equivalent 

contmuous sound pressure level 

( Leq . T ,e Leq,. in deci bcls is ltA） ’ti、
the average sound level for a mea-

surement period based on a 3 dB 

exchange rate 11日 3-dBexchange 
rate is the method most firmly sup-

ported by scientific evidence for 
assessing hearing impairment as a 
functio11 of noise level and durn-

tion (NIOSH, 1998). Descriptions 
or how these worker close and 
noise profiles were obtai11ed and 
the types of equipme11t measured 

are i11cluded below. 
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Results 

Summaries and reprcsenta 
tive examples of data collected 

are presented that include worker 

dose, task observations keyed to 
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cumulative dose plots and sound profile plots of equip- head drive. ll1e periodic no dose limes (Oat slopes) oc-
n、en!noise The volume of data collected in this study curred when the worker left the headgate to get supplies, 
precludes including all results. carry out bell structure and take breaks 

Worker dose. Full-shift dosimetry measurements 
(ran即時 from8 to 12 hours) were recorded for 333 un-
derground workers primarily engaged in coal extraction 
at the face目Theworker dose measurements i1 dicated 
that 42 percent (141 of 333) of the total doses recorded 
were above the MSHA PEL of 100 percent. Of those 
above the PEL of 100 percent. 65 percent (91 of 141) 
were above the MSHA citable PEL of 132 percent (ciト
able level is 132 percent bec;iuse of 2 dB error of Type 2 
instruments, i e, 100 percent 2 dB (32 percent)). In other 
words, approximately 27 percent (91 of 333) of the to・
tal recorded doses were citable under 

FIG”RE Z MSHA guidelines. -

Eq ui~_ment noise. As noted above. 80 equipment 
nυISじprofiles were completed in underground coal mines 
Some of these profiles were done on similar equipment 
but川differentmines. ll1e equipment profiled included 
continuous m川ingmachines. combination cont川uous
miner-bolter machines, roof bolting machines (both dual-
boom and single-boom center bolter), loading machines, 
shuttle cars, auxiliary fans used at the face. feeder-break-
ers, electrical power centers, longwall shearers, longwall 
stageloaders and track-mounted longwall l1ydraulic !'ump 
car assemblies. Results of the noise profiles for the differ-

Table I lists occupati?11S in long- He・ringimpairment in co・Imine悶，norトc。alminers and non-exposed males 
wall and continuous mining sections (NIOSH，”96b, 1鈎7).
and a summary of dose measuren、ents
The table illustrates that the range of 100 
dose within each occupation varies .,,, 
conside叫 、ly.Many of these occupa- ::; 90 
tions or job classifications routmely :;; eo 
experience noise exposures above the E 
PEL. ・n,ese workers are periodically "ii 70 
subjected to noise levels that have the ε 60 
potential to cause NIH L ・＝

g' 50 

fask ol刷抑制ions.Wo山 rsexpen ~ 40 
encmg doses above the PEL were task l 
observed while wearing a do引meter. -!o 30 
The task observations (time-motion 田喜、 S20 
studies) included the duration of the 'i: 
tasks the worker performed and his !J 10 
location with respect to the equipment J;; n 
and/or noise so山 cesll1e goa I was to ,._ -
identify the tasks and associated noise 
sources responsible for the workers 
measured dose and to provide mine 
operators with sufficient information 
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to begin implementing noise expo- Cumulative dose plot for miner/bolter operator. 
sure reduction efforts. A cumulative 
dose plot for a miner/bolter operator 
with task observations annotated. is 
illustrated in Fig 3 The rate of dose 
accumulation was greatest (indicated 
by the steep slope of the line) while 
trimming a corner with the conveyor 
『m111ingempty. followed by cutting/ 
bolti『，g/1川、gtubing at the face. Lillie 
dose was accumula1ed while the work-
er was at lunch and during equipment 
idle times as illustrated by the flat 
slope of the cumulative dose line. 
Figure 4 is an example of a cumu-
lative dose plot for a longwall head-
iiate/stageloader operator. The plot 
11lustratcs that other than during 
equipment idle times, the headgate/ 
stag_eloader operator experienced a 
uniform dose throughout the shift. 
with the greatest rate of accun、ulation
while working within I m (3 ft) of the 
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Table 2 

Range of Leq酬 noiselevels measured on a fixed grid 
for continuous mining section equipment. 
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traveling、vith111this distance, the dose would accumulate 
rapidly. and as such. the area should be avoided when 
possible. 

1cm for the mining industry. This research eff。rtfound 
that 27 percent (91 of 333) of the u『1dcrgr。ll『，drace 
、、，。rkersstudied experienced『10iseexposures above the 
MSHA citat、lelevel or 132 per凶 n

Implications fo『noiseexposu『e『eduction
Although the goal of this resear℃h was to coordinate a 
survev or no,s芯S旧urcesand worker noise exDosurcs. sonヨぽ

of 333) experienced closes greater than 100 percent. ll1e 
equipment generat川島thehighest noise levels include 

general implications for reducing worker noise exposures 型型空豆
can be drawn ll1e results suggest that workers directly -

Range of Leq noise levels measured on a fixed grid 
111vol四dwith coal extraction at the face are most likely to 山

experience overexposure to noise As such守theseare the for longwall mining section equipment 

occupations where mine operators should concentrate 
their noise control efforts. ll1e occupations that should , 
be the first to be included in anv no問問。osure問 duc- I E刷抑制t
lion efforts arc lhe continuous ;niner andmine内 011c r I Stageloader 

operators. miner/bolter roof bolter operators, roor bolter 
operators. longwall shearer operators and headgate/ , 

R嗣，．－
d・IA』
8牛102

引ageloadcr叩 削 o凡 Asillust
the occupations with the high白 tp悶re氾ntagc山 cor《1ec1 I H判帽叫’cpump伺 r 7閥
doses over the MSHA PEL. I Headd附e 89-銅

According to the MSHA noise剖andardPart 62. mine I 
operators must附 allfe出 iblee叩neeringand admin- I加 Idnve 
削川ivecontrols to redu四 the111111e内 noiseexoosu同 I Panline 
below the ~ermissible exposu日 level(Federal R匂凶u I Dinner hole 
1999). En呂111ee,ing controls reduce noise exposure by 
decreasing the amount of noise reacl1ing a "orker. Sound 
prolile plots can indicate which equip-
ment is generati時 thehi且h田 tnoise 旦呈旦.！！！..！

92・94
78-91 
<60-90 

level山 tnot what specific co 11po附 1l 守口布。fileplot for longwall剖叩load軒目
of the piece of equipment is respon-
sible. This at least gives mine opera-
tors a start川gpoint based on reliable 
and accurate inrormation. Examples of 
engine氾ringcontrols include ma111te-
nance. ac刀ust1cisolation or absorption. _ 
barriers. moto1 enclosures ran silenc- !;; 

T圃，．同
ers. modification or machine mount- !!I・〈問

~ M州
ing. murners and replacement of noisy !'.! '<"> 
equipment with quieter equipment. 1li’s問
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Administrative controls reduce ex－ 担 ＇ .品、
量 。 叩旬 叫 1・〈剛 志・剛羽n岡崎st’，.， ＇＂＂・m

posure by limiting the time n worker is - METERS (FE町｝
exposed to noise. 
By evaluating the cumulative dose 
plots. task observations and sound 
profile plots. the tasks. equipment or 
areas that significantly influence a 
worker's dose can be identified and 
then modified or avoided to minimize 

FIGURE 7 
exposur凪 Examplesor administrative 園田園圃・

田

85 

Loq, dBtA) 

controls include job rotation (switch- Sound profile plot of sound levels around a dual-boom roof-bolting machine. 
ing a worker with high noise exp田 ure
with someone having less noise expo-
sure). modiry川島theJOb町民1uipment
operation to reduc芯exposureto noisy 
areas or equipment shift length re-
duct ion when more than 8 hours. and 
where possible. providing quiet areas 
or areas rrom which remote monitor-
ing utilizin呂gaugesand/or vide唱 can 2剛

take place 

Summary 
Overexposure to noise among 
mine workers continues to be a prob-
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FIG”REI ．．．．．．．． 
Sound p問自leplot for auxiliary fans. 
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the stagcloader (102 dB(A)) and shearer (99 dB(A)) 

in longwall sections and include the auxiliary fans (120 

dB(A)). mi間内oilers(112 d日（A)).continuous miner 
(109 c1B(A)) and roof bolting machmes (103 d日（A))in 
continuous mining sections 

τ11c solutions to rcducin且mine-workernoise exposure 
are many and difficult and will need to include a combina 

tion of cngmeenng and ad1111111strative approaches. 'l11ey 

will also include providing additional training and super-

vision 10 increase the underground worker's awareness 

of high noise areas and the beneficial effects of moving 

out or away from those areas when possible TI1e coop-

cration of all parties (labor. management. regulatory and 

research community) is necessa r~. if NIHL among mine 
workers is to be reduced and/or eliminated.・
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