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Limestone mining -is it noisy or not? 
Introduction 
Noise is present throughout the 

min川島川clustry.Continued exposure to 

high noise levels (NIOSI I recommend-

ed cx~osure limit (REL) of 85 dB(A) 
as a eight hour time-weighted average 
(TWA) (NIOSH. 1998））回n回 usedam-

?ge to the inner ear. TI1e eventual result 
is a permanent shift in hearing th1esh-

olds, which is kno、vnas noise-induced 
hear川且loss{NIHL）。 NIトILis the most 
common occupational disease in the United States today, 
with 30『nillionworkers exposed to excessive sound levels 

or toxicants that arc potentially hazardous to their hear-

ing (NIOSH. 1996a）.τ11c problem is particularly severe 
in all areas of mining (surface. processing plants and un-
derground) where large. noisy equipment predominates. 

Studies indicate that 70 percent to 90 percent of all min-
crs have NIHL great enough to be classified‘同 ahear-

川gdi印刷lity(NIOSH. 1996b). An analysis of NIHL in 
miners presents a snapshot of the extent of NIHL in the 
miningindustry(Fig. l)(NIOSH令I996b). ll1is analysis of 

a private company"s 20,022 audiograms 111dicates that the 

number of miners with hearing impairmcnt.s (defined as 
an average hearing threshold level of25 dB or greater for 

the frequencies I ．α氾2.000.3αXland4α）｛） Hz) increased 

F’GURE’ ．．．．．．．． 
Hearing impairment in coal miners, metal/nonmetal miners and non-exposed 
males (males that never wo削 din the mining industry) (NIOSH, 1蜘 b,1鈎7).
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Abstract 

U.S. N"1io11a/ /11s1i1111e for Occ11pt1-
1io11"/ Safety and Health (NIOSI-/) 
rese111c/1e，苫areco11d11cti11g " c,oss-
sectional survey of eq11ip111e111 noise 
""" 1vorker noiseιrpos11res in the 
111i11i11g川dustり，.S111face and 1111rler-
g101111d /i111esto11e is oneι・0111111odi1y 
recently s11rνeyed. 71,e so1111rl levels 
of川ining{I/Ir/ processing equip川町ti
1vere recorded 10 identify noise so11rc-
es. F11// shift 1vorke1 1t01se ex1,os11res 
1vere completed to determine the eλ－ 
p仙 ireof＂＂＂刷，socc叩川O川 Tl川
,11・1ic/e presenrs rite res11lrs of rite 11oise 
, ese111 cl, co11d11c1erl in both 111 rler-
gro1111rl and s11rjr1ce lim出tonemi11e.品
rlet削＇li11grlte叫11ipme111likely to印刷e
ll'orker overexpos11r凸，{I/Ir/tfte OCCII-
pmions experie11ci1’g oνerexpos11res. 
I川，tpli附 r刷
s111e 1er/11crion are also reporrerl. 
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exponentially with age until age 50,at 
、.vh,chtime 60 percent to 90 percent 
of the miners had a hearing 1mpai1-

ment (NIOSH。1996b.1997). 
Despite extensive work with en-

gineering controls tn the 1970s and 

1980s. NIHL is still a problem in the 

mining industry (Federal /legisrer. 
1996). To address this issue. the U.S 
Mine Safety and Health Adminis-

i削 ion(MSHA) published‘Health 

Standards for Occup~ti onal Noise Exposure・・ (Federal 
Register. 1999). Requirements of the new regulation in-
clude the adoption of a hearing conservation program 

similar to that of the U.S. Occupational Safety a，】dHealth 
Administration (OSHA). with an ・・Action Level" of 85 

dB(A) eighトhourtime we唱htedaverage (TWA,) and a 
permissible exposure level (PEL) of 90 dB(A_) TWA,. ll1e 
new regulations also state that a miners noise exposure 
measurement shall not be adjusted because of the use of 

personal hearin/l protection. and the requirement to use 
all feasible eng111eenng and administrative controls for 

noise exposure reduction. 

In an attempt to reduce NIHL in the mining industry. 

!OSI I researchers have been conducting noise surveys 
111 mi，、ingincluding 1hc limestone industry.11四 SU『vcys
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FIGURE 2 

・・・・・・・圃Sound level meters. 

FIGURE 4 ．．．．．．．． 
Joy Axivane fan m und町田roundlimestone mme 

Table 1 

・・・・・圃MSHA PEL noise dose for limestone mine wo『kers.
Number 
d，齢制叫回

。蝿up副i。n
Haul truck operator 
FEL operator 

d叫闘
11 
9 

Dnll operator 
S団 ler
M/atertr叫 operat。r
Crusher operator 
Blaster/blaster helper 
Crushing plant operator 
Plant helper月ab。rer'
Mechanic 

'ND= Not determined 

3 
3 

3 
4 

3 
5 

Work町岡崎・・f
MSHA陪Ldo”’ 
帥憎M
0.59 to 49.69 
0.34 to 64.21 
24.57 to 31.38 
1.18 to 50.23 
35.81 
5.85 to 13.36 
13.27 to 28.64 
0鈎 to32.30 
17.50 to 119.272 
8.94 

FIGURE 3 ．．．．．．．． 
Location of the dosimeter outside of the haul truck 

are designed to monitor worker dose, measure equipment 
sound levels and to understand the noise source/worker 
dose relationship This was accomplished through fulト
shift dosimetry readings. equipment noise profiles, and 
where possible, worker task observations 

Scope of『esea『ch
Background Noise surveys were conducted in one 
surface and three underground limestone mines located 
in eastern and western Pennsylvania and in northern 
Maryland. In total, 43 worker noise exposures (MSHA 
PELs) and 71 equipment noise profiles we同 completed
Noise exposure measurements were taken for equipment 
operators crushing plant operators, crusher operators, 
drill operators. scaler operators, blasters, mechanics and 
laborers. TI1e equipment noise profiles included station宇
ary and mobile underground and surface mining e_q_uip-
ment. control rooms and crushing and screening fac1htics. 
In addition, the mobile equipment was monllorecl for 
noise (dose) inside and outside the cabs simply to delin-
eate the effectiveness of the cabs to protect the opera 

Ou旬』d・e・brang・of
MSHAPELdo帽，
p・同調M
6592 to 187.54 
59.04 to 262.79 
293.74 to 487.26 
162.32 to 208.96 
ND' 
ND 
ND 
ND 
ND 
ND 

tors from engine/operational noise 
exposure 

lns1rurncn1川ionand dala collcc-
lion. ll1e instrumentation cοnsisted 
of two basic sound monitoring in-
struments: personal dosimeters and 
sound level meters (SLM_). Worker 
noise exposure was monitored us-
ing Quest I Q-400 Noise Dosimeters. 
The workers donned a dosimeter 
for their full work shifts. TI1e micro 
phone was located at the middle of 
the shoulder per MSHA recommen-

'Laborer usin_!l_ a,r wrench resulting in MSHA PEL dose of 119.27 percent 
』Referenceto brand names does 
not imply endorsement by Nl0SH 
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円GURES
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Sound contour plot for Joy Axivane fan 
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F’GURE 6 
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Sound contou『plotforface d『ill
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判30）『

firmly supponed by scientific evidence for assessing hear-
ing impairment as a function of noise level and duration 

(NIOSH, 1998). Measurements collected using a 3-dB ex-

change rate will result in sli且l11lyhigher measured sound 
levels than if the MSHA noise standard requtrement of a 

5-dB exchange rate were used. A slow response rate with 
,111 averaging time of IO seconds was employed，、vithmost 
readings being recorded over a 30-second period. 

ID 

‘｛却｝

・5
Leq, d町A)3（’D) 

J (10) 6 (20）’（30) 

•el!T 
日 （40）’.... , 

Mine charnc’crisllcs. The four limestone mines sur 
veyed included one surface and three underground 111川es.
A similar mining sequence was used at all the m111es. TI1e 

sequence included drilling the face or bencl1. blasting 

the rock and extraction using front-end loaders and haul 
trucks. TI1e blasted material was transported to the crush-
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Gardner Denver MK45H face d川1
Gradall 5110 s叩 ler
Gradall XL4300 II S曲 ler
Blasters bucket truck 
Gorman-Rupp d,esel water pump 

Jaw crushers 
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Jaw crusher control rooms 
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Screening towers 
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111g and screening rac,Jitics where it was processed into 
various sized aggregate for use in concrete and asphalt 
production. or for sale to end users. Mine production 
ranged frorn 318 kt/a to 1.36 Mt/a (350,000 to 1.5 rnillion 
stpy) of raw product. or 1.27 kt to 8.1 kt/d ( 1.400 to 9.000 
stpcl). Employment at the mine sites ranged rrom JO to 43 
employees. TI1e underground mines would be considered 
large opening. with heights in excess of 6 m (20 ft) and 
widths in excess of 12 n、（40ft). Underground equip宇
mcnt was both diesel and electric powered. No belts or 
crushers were located underground, but all mine sites had 
crushers. screens and su, face belt facilities. 

FIGURE 7 

Nordberg cone crusher. 

FIGURE 8 

Sound contour plot lo『conecrusher. 
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Results 
Worker noise expo叩 re.Workers at each site wore 
dosimeters for a full shift to provide noise exposure data 
Table I lists the worker doses measured, including the 
outside cab doses ror evaluation or cab effectiveness in 
preventing exposures rrom engine noise and equipment 
operation. A typical dosimeter location ror outside cab 
measurements 1s shown in Fig. 3. 
下vogeneral conclusions can be made from these data 
日rst.all worker doses were below the MSHA PEL or 100 
percent (0.34 percent to 64.21 percent川able1) except ror 
one or the laborers (119.27 percent). TI1is worker spent 

a significant portion of the shift using 
an air wrench to tighten bolts while in-
stalhng a sheet metal protective can-
opy at the drift mouth. His exposure 
included not only the air wrench and 
compressor, but also the mobile equip-
ment entering and exitin呂themine 
Secondly. a comparison or the interior 
and exterior mobile equipment doses 
indicates that the equipment cabs are 
providing sufficient protection rrom 
noise for the operators. 

Eq凶11111cnt/areanoise measure-
mcnts. Sound level measurements were 
taken around all stationary equipment 
such as belts and belt drives. crushers, 
screens. ventilation rans and around 
semistatior、arymobile equi訓11ent’i1ト
eluding scalers and face and noor drills. 
Table 2 lists the results of the sounc I 
level measuren、ents『01b。thtl、eSt』r

－ face and underground equipment. 
For convenience, equipment such as 
screens. crushers and belt drives are 
lumped together by cate巴ory,even 
though they varied、videly111 size and 

屯礎 product throughput. TI1e sound levels 
ー 〔 variedwidely because of the引zeand 
throughput Just mentioned but also 
because or equipment age size and 
condition and because the ranges in-
clude measu1ements taken at varying 
distances from the stationary equip-
ment 
To illustrate the sound level mea-
surements, several examples are in・
eluded. Figures 4 and 5 include a 
photo and contour plot or sound lev-

106 els around a Joy Axivane ran used f印
auxiliary ventilation underground 
Sound levels up to 105 dB(A) were 
recorded adJacent to the fan and be-
low 90 dB(A) at a distance of appro則・

叫 mately15 m (50 ft) from the fan. 
Figure 6 is a sound level contour 
plot for a newer (less than 10-years 
old) Oldenburg Cannon face drill. TI1e 
plot illustrates that even at a distance 

叩 of24 m (79 ft), the sound levels are 
still 95 dB(A). 

Loq, dBtAI A Nordberg cone crusher (age 



and number or rebuilds unknown) is illustrated in Fig. used underground and on the surface四ngenerate high 
7判，iscrusher rec町、escrushed rock from the primary sound le,els but the cabs are effectively shielding the op-
jaw crusher. The contour plot illus-
trates that sound levels from 100 10 

FIGURE’ 106 dB(A) were present on the plat-
form around the crusher (Fig. 8). A Double screens. 
pair of SC『eenspositioned side-by-side 
,s shown in Fig. 9. The sound levels 
around these screens ranged from 85 
to 97 dB(A) (Fig. 10). Figure 11 is 
an overall view or the surface crush-
ing and sizing focilitics ror one or the 
underground mines. Figure 12 is the 
sound c四ntourplot [or this area, with 
all measurements made at 息roundlev-
el. II illustrates where the l11gher sound 
levels are and where hearing prote氾－
tion devices (HPD) should be used. 

Research implicatioris 
Even though o川lyone worker over-

阿 posurewas recorded, there are some 
important implicat旧nsor this research 
with respect 10 NIHL in the m川ingin-
dustry The differences between do喝e
measurements inside and outside the 
mobile equipment cabs suggest that 
proper maintenance or the cab’s noise 
controls (windows,door and panel gas-
kets, acoustical materials and mumers) 
and keeping the doors and windows 

closed during operation is essential to FIGU四110
limiting operator exposure. -
The equipment and area noise Sound contour plotfor double sc『eens

measurements con[irm that areas of 
high sound Iese ls are present in under- 12(<0) 
ground and sur[ace limestone 111川es.
As such high sound areas should be 
clearly marked. All workers should ’07(30) 
be made aware or these locations and 
should be川structedto wear hearing 
protection at all times when working 
川 theseareas. Finally, there is som; 9(3的
equipment, such as the fans drills 
screens and crushers. that would bcne-
fit fron】theapplication or engmeering 7.6(26) 
叩 1secontrols. The engineenng no出
controls could include but not be Jim－包
itcd to modifications such as silen印叫 配6(20) 
mufAers. r℃silient linings application 、
or damping material and, or course、
replacement 古川thquieter equipment. <.5(1S) 
This would help to minimize the po-
tential for exposure or workers in the 
immediate vicinity during equipment J(tO) 
operation 

Summa『y 1.S例
The noise measurements indicate 
that limestone m111ing can be noisy 
But exp_osure monitoring reported 
here indicates that the mine operators 
and workers are a,aiding ovcrcxpo 
sures to noise. ll1e mobile equipment 

ー

，悶

じコ
85 

L明 。d町A)

9(30) 
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erators from the noise.判官crushingand winding facih-
ties are also noisy but workers seem to limtt their activity 
in these areas. thus avoiding overexposure. 
・n,e highest sound level (109 dB(A)) was recorded 
near the underground fans and face drill. Travel near 
these pieces of equipment while they arc operating 
should be limited and should include the wearing of ap-
propriate hearing protection.An appropriate HPD is one 

FIGURE 12 

Refe『ences

Sound contour plot for surface facihties 
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that a worker wtll wear consistently 
、.vhennoise levels arc above 85 dB(A), 
that is comfortable. is inserted and/or 
worn correctly and is kept clean and 
maintait国d
Research now shows that the noise 
reduction rating (NRR) of most HPDs 
must be dcrated under normal use. 
TI1c NIOSH Noise Criteria document 
(NIOSH. 1998) suggests derating car 
muffs by 25 percent. foam plugs by 50 
percent and molded (flanged) plugs 
by 70 percent Demling is still only a 
rough _lluide and actual prolcction can 
vary. Fmally, MSHA noise regulations 
require the wearing of dual protection 
whenever a miners noise exposure ex-
cceds a TWAS or 105 dB(A）.・

Disclaimer 
TI1e findings and conclusions in this 
article are those of the authors and do 
not necessarily represent the views of 
the U.S. National Institute for Occupa-
tional Safety and Health 
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