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In Jl.ll'19 1983, the National Institute for OOC::upational Safety and Health 
(NIOSH) sul::lnitted ccmnents to an Occupational Safety and Health 
Administration (CSHA) advar¥::e ootice of prcposed ro.lemak.in; (ANPR) on 
methods of cx:rrpliance. In these cx:mnents, we stated our aJ;:Proach for 
the .inplementation of effective hazard control strategies (NICSH 

1983). 'lhis strategy was expressed then, and is reiterated now, as an 
ordered hierarchy of elements in the prevention of worker exposure to 
haZarda.ls substances. 

"'lbe three elements of this effectiveness hierarchy of o:>ntrol 
solutions, in order of preference, are: 

1. First, prevent or contain hazarc:lals workplace emissions at 
their source; 

2. Next, ren¥:JVe the emissions fran the pathway between the 
source ani the worker; 

3. Iast, cattrol the exposure of the worker with barriers 
between the worker ani the hazardo.ls work environment." 

NICSH further stated that the: 

"Fssential characteristics of specific cattrol solutions are: 

• 'nle levels of protectiat affordecl ~ aJSt be reliable, 
consistent, ani adequate. 

• 'nle efficacy of the protection for each .inlividual worker 
1tllSt be deteminable durin; use ~ the lifespan of 
the system. 

• 'nle solutiCil DllSt minimize deperdenoe at human intervention 
for its efficacy so as to inc:t'ease its reliability. 

• 'nle solutiCil 1IIJSt c:::xnsidar all routes of entry into workers' 
~and abculd. net exaoamate existin;J health or safety 
prci)leaa or create aa:litiaal prci)la~& of its own." 

NICS~~ to atz:aqly am Ul'l8CJ1i,vocably ~the use of 
ergineerin;J caJtz:ols eMir the use of respirators for preventin;J worker 
exposw:e to hllzardcu8 substance~~. NICS~ raccgnizes that ergineerinj 
cattrols rtay .includa sutstitutiCil for a less hazarc:lals sutlstaire, 
oontainment of the ptocess, isolatiCil of the worker, ventilatioo for 
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:renv:win; the hazardous substance, ani the associated administrative ani 
~rk practice controls necessary for initiatin; an:i mai.ntainirq the 
en;rineerin; controls. 

B. ~Qi KR NICER S'IRA1mY 

'Ihe central issue in the OSHA pl'q)OSEd :rule involves the efficacy of 
en;rineerin; controls vs. respirators for reducin; worker exposure to 
toxic substances [54 FR 23991]. In these ccmnents, NICSH will present 
data an:i references to 5\JRX)rt the assertion that en;rineerin; controls 
are the preferred method of control. 

1. NICSH Health Hazard Evaluation an:i Technical Assistarce (HErA) 
reports have .shown that the i.nplementatian of en;ineerin; controls 
can effectively reduce ai.rtlorne lead exposure. 'lbe foll<=Min;J 
exanples are provided: 

• A NI(l)H investigation, involvin;J Yo10rkers prcducin; lead 
medallions, foord ai.rtxlrne lead ~ during grirdin; am 
ruffin; to be in excess of 1300 IJ.9/m • A follow-up sanplin; 
after the installation of local exhaust controls iniicated that 
ai.rtxlrne lead level! had been reduced to below the limit of 
detectian (< 6 jJg/m ) (NICSH 1987a). 

• A NI(l)H ilwestigatian of a facility producin;J leaded glass 
ceystal art cbj~ i.rxllcated that 5 ait of 6 air sanples 
exceeded 50 IJ.9/m of lead. '!be average ~rker blood lead level 
was 29.1 IJ.9/dl (NIOOH 1984). A follow-up visit was c:::cn1ucted 
after i:aprcvements \~~ere made in the local ventilatian. At the 
time of the follaMJp, ally 3 rut of 16 air scmples exceed.Erl 
50 1J.91m1 of lead and the averaqe blood lead level was 13.4 
IJ.9/dl. 'Dle erqineerirq ocntrols had been effective b.It 
ac:W.tiooal inprcvements ~needed (NIOOH 1986). 

2. A recent sb.xly has shewn ucess exposure to lead mm:n:J OCI'IStr1Jct.ion 
worKers who use oxyacetylene totdw to cut lead-painted metal. 
'Ihese worKers wax-. exp::III8Cl to high O:XIOiiib:atiaa of a.imorne lead 
(frcm 600 to 4,000 ~) for ally a few weeks 'While wear~ 
positive-pressure airline respirators and still showed eviderre of 
lead poi.scmiDJ (blood lead levels raBl8d fran 48 to 120 IJ.9/dl) 
(Marino et al. 1989) • 

'1his sb.dy inllcates that un:Ser these circumstances, the use of 
positive-pressure airline respirators did net provide adequate 
prot:ec:ticn far the W~ZXars. '1be authors hypothesized that this 
inadec:JJata prot:ectj.cn my have nallted frcm the ~iate 
selectia'l, use, and maint:enance of the respirators. 'lhey further 
hypothesized that the point of air intake for the c::arpressors to 
the airline respirator may have been OCI'Itaminated. F\lrtheJ:more, 
workers witb:lut respirators who were perfomin;J other tasks in the 
same area nay have been expcsecl. 
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Had en;J.ineeri.n; controls sudl as isolation or local ventilation 
been used, NICSH ~that these excess exposures wo.Ud have 
been redlx::ed. NI<lSH studies have shown that us:irq en;rineer:irq 
controls at the soorce of emission reduces exposures not only at 
the scurce, but also to workers in the inmedjate vicinity of the 
operatioo (NICSi 1981). ObviaJSly, this reduction of exposure in 
adjacent areas wcW.d not occur with the use of respirators alone. 
In fact, if respirators are used to control exposures, then m::>re 
workers in the l::lalrdary or marginal work areas will need to wear 
respirators to assure their protectioo. 

3 • A NICSi walk-thrc::u;lh survey of a brass fc:urDry, ani review of 
env:ironmental ani medical data after the initiation of OOth 
en;Jineerin;J controls ani a respirator program, :imi.cated 
significant inprovements in potentially dan:Jerous levels of 
exposure to lead. It is inp:lssible to lo:'1c:M which CCl'l'p.)ll9llt of the 
lead control program resulted in the greatest p~rtion of the 
decline in blood lead levels. undoobtedl.y, ~ in respiratory 
protection ani ventilation both had significant inpacts 
(NICSi 1988) • 

4. NICSi agrees with OSHA that 'When respirators are wom, a respirator 
pzo;,:t:am llllSt be iltplemented that irx:o:t:pOrates trainin;J in the 
p:rcp!r selectia1, use, main'tenalx::e, clean:irq, ani storage of 
respirators, as well as medical evaluatiat of the respirator TNearer 
(NICSH 1987b; NICSH 1987c). 

'lbe NICSH HErA progzam has identified several in::idents where 
respirators were not beirq properly wom, where an inai:Propriate 
respirator was beirq wom, or where other aspects of a p:rcp!r 
respirator p:t:o;,:t:am were not iltplemented. Exhibit 1 lists these 
HErA sbxties ani the prin::ipal prcblems with respirator protection 
pl:o::Jl:amB. 

5. NICSH has recogn:ized that respirator pzo::Jl:ams are not inexpensive. 
Exhibit 2 details saaa of the ocsts for the p.n:cbase and use of 
variCllS types of air-plrifyin) and air-sui:Plied respirators. 

It shclll.d be nata:l, bowaYer, that this oost analysis does not 
incll.da the follawin;J oost factors: 

• r.:acn)B]. and paper:wcrk associated with the p.u:d1ase of 
respirator SlJR)lies and 8qllipna'1t 

• Pe1'8alti ~to Jllllni!llg8 ani maintain the respirator 
pzocp:am 

• 'lbe ocsts required to clean, maintain, ani store respirators 

• Medical evaluatia1 of eaployees required to wear 
respirators 
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• Tra.i.nirg of eq>loyees 

• Fit-testin;J of respirators 

• Sanplirq an:i analysis of the work envi.raunent to determine 
wnetiler the ptq)er respiratory protection system is bein;J 
used based on the protection factor recarmende:i for the 
equ:i.pnent in use 

6. In the preani:)le to its pi'q)OSE!Ci rule, CSHA cites rrumeraJS 
statements which in:ticate that significant prog1:ess has been made 
in respirator technolcqy an:i awlication to permit their use on a 
wider scale. Alt.l'lcu3h there has been progLess in respirator 
tedlnology, J'Xll1e of the ~ has decreased the need for 
responsible human perfonnance ~their use. For exanple, 
Exhibit 3 shows that the best perfoi'lllir:q respirator may not give 
adequate protection if it is not wom prcp!rly gU of the time. 

Furt:l'lenoore, NICSi laboratory an:i field sbxti.es on the perfonnance 
of respirators in:ticate there is still significant ur¥:ertainty 
a1::o.tt the actual in-use perfonnance of respirators (Myers et 
al. 1983; Myers et al. 1984a; Liu et al. 1984; Myers et al. 1984b; 
Myers et al. 1986; Myers et al. 1988a; Myers et al. 1988b; Lenhart 
et al. 1984). 

Eldlibit 4 fran the NICSH Respirator Decisim IQgic (NIOOH 1987b) lists 
six cautiooary statements ~ the use of respirators. Also, in 
its recently up::Jated Guide to Irrlystrjol Respiratoey Protection (NIOSH 
1987c), NICSH has stated that other prcblEIIIS with the use of 
respirators still exist. 'Ihese fell~ prcblEIIS are described. 

Air-8Id.fyim p •:imtcml 

sane of the problems with the use of a.ir-p.Jrifyinq respirators are: 

• 'Ihey cannot be used in a~ CCI1tainin;J less than 
19. 5 percent oxygen. 

• 'Ihey c:annot be \.-1 in a~ imediately dan:feraJs to 
lite and health. 

• 'lblly sbD.lJ.d net be used for protectiat against gases an:i 
vapors with inadequate wamin;J prc:partl•. 

• 'lba c::mtrid9as and amist:ers have a limited capacity to 
:reDrNa gases and vapors and, therefore, have a limited 
useful scvic:::e time nacassitatin] frequent replacara 1t 
(daily or attar eadl use). 'lhis creates an added expense 
due to the relatival.y high cost of the cartridges an:i 
canisters (~it 1) • 
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'Ihe use of ai.r-su(:plyirg respirators presents prc:i>lems of a different 
nature. 

A. Airline respimtars 

• 'Jlle air Sl.JR)lY is dependent on an a.rt:side SCAJrOe sud1 as a 
cx:rrpressor or bottles of c::atpressed air. Loss of the air 
supply can be caused by cuttirq, b.lmi.rq, Jd.nk.in;J, or 
crushin;J the SlJR,>ly air hcse, c:x:.mpressor failure, or 
depletion of the air in a storage tank. 

• '!he trailin;J air SlJR.>lY hcEie severely restricts the user's 
IOObility. 

B. Self-a:ntained Bl:eath:i.nq AABratus (SCM) 

• '!his equipnent allC1.11S the user to can:y the air suwly with 
hiJD,Iher, l:l1t the l:ulk ani TNeight of the equipnent make them 
unsuitable for st.reru:lls ~rk or use in a constricted 
spaoe. '!he limited smvioe life makes them unsuitable for 
rcutine use or for lar;r c::a1t.ir1uals periods. 

7. A NICSH stLdy (James et al. 1984) indicates the effects of wearin; 
different types of respirators urxier different cari:)inatioos of heat 
ani ~oad CCI'ditiCI'B. Based a'l laborato:ey tests, wear.in; full­
ani half-faoepieoe cart:ri.c:k;Je-type, air-p.lrifyin;J respirators caused 
increased P1Y5ioloqical strain (measured by charr;;Jes in heart rate, 
oxygen CXI"SlDptia'l, energy experditure, ani oral teap!rature) which 
awroached the~ limit of tolerar¥:18 urxier the heatj~rkload 
ccn:iitions E!!lll)loyed. As elCp8Cted, the full-faoepiece respirator 
caused greater strain than a CCi!pU'able half-mask type. Firxlin;Js 
indicate that~, tolerance to DIXIerate or higher ~rkloads 
urxier hot CCI'ditiCI'B is rednrai by wearirl; a respirator, especially 
a full-face type. 

Several additiawsl. NICISH sbx1ies (ltlite et al. 1984; ltlrlte et al. 
1987; tldte et al. 1988: .Ute et al. 1989) evaluate the 
tnY&iological effects and subjective respcrlSe& to the wearin; of 
vari~ CXI!binatiaw of respirators and protective clothi.n;J. 'Ihe 
results of thaae stud!• generally shew significantly increased 
PlY&iological effe:ta (mimte wntilatia'l, heart rate, skin 
~, rectal tapemture, and swaat rate) and dec:reased ~rk 
tolerance (ti.Da to subjective or c:bjective sign of maximal stress) 
while waar1n;J protective ec,tipnent ei'JSEIIi)les. One study (lllite et 
al. 1987) detemined that, "It is ocn:lu:B:l that wearirl; protective 
clothi.n;J and respirators causes significant stress to the 
amiiorespiratory and t:heDm'egulatory systeaa, even at low ~ 
intensities in a neutral enviJ::a"JDel'lt." 
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8. Hqlki.ns et al. (1986a) have investigated the use of behavioral 
a.R'roaches for reduc~ oca1pationa.l exposures to styrene. 'Ihe 
intent of this pilot study was to show the utility of behavioral 
methods for reducin; worker exposures to styrene. Nine behaviors 
were identified as affect~ exposures to styrene in the 
manufactur~ processes at one plastics plant. 'Ihese behaviors 
were ackh:'essed by a traini.n:J program aiJned at reduc~ styrene 
exposure by I!¥Xiify~ these behavior patterns. 'Ihe use of organic 
vapor respirators was one of the behavior patterns addressed. Pre­
ard post-traini.rg perfo~ was CCIIplred ard results demJnstrate::i 
little positive cl'lan;e in the -wear~ of respirators. 'Ihe authors 
rote that one \to'Orker ccmnentecl durin; traini.n:J that he WOJ.l.d not 
wear a respirator. 

Prcj)lema.tic use of respirators in this pilot effort was the basis 
for consider~ it only an c:ptional practice in the main study 
which followed (Hqlki.ns et al. 1986b). 'Ihe main study concentrated 
on those behaviors that best exploited the ergineerin; control 
systems that were in place (e.g. , en;Jag~ exhaust ventilation, 
plac~ \to'Ork to take maximal advantage of exhaust airflow, etc. ) . 
'Ihe enclosed paper by Hqlki.ns et al. 1986b describes the main 
study. 

9. A NIOOH study (NIOOH 1982) oo behavioral ~c:hes for prarot~ 
persa1al protective equipnent usage detemined that the likelihood 
of a \to'OrXer -wearin; a pei"Sa'lal. protective device is a <:x:lli)ined 
furctioo of (a) the hrmed.iacy of the hazal:d ard its~' 
(b) the eJ'lCUili)rarx:/discanfort ilf{X'S«i in wearin; the device, an:i 
(c) its perceived effectiveness to the wearer. Exanples are given 
which offer El'lpirical Sllli;POrt to this prqxsition. Respirator use 
is judged to be least likely used in light of these various 
consideratioos. 

c. cx:talEICtf 

NIOOH is pleased that C&fA has PJblicly reaffimed its policy oo the 
hierardly of cxxttrols. In respci'IS8 to a questioo fran the American 
Federat.ioo of stata, OU1ty, and Kmicipal. &lployees (AFSCME) at the 
CSiA hearin;s oo blocdtlonl8 dise"ses, Mr. Olarles Adkins stated, ''We 
have not c:MI'qed ClUr pceit.im oo the hierardly of CXXItrols. '!here is 
~ c:har9a in C&fA's theory that methods of OCilplianc::e sha.lld be 
ergineerinq ocntrols first, then administrative ard protective 
equiplalt" (BQ. 1989) • 'Ibis policy is certainly consistent with the 
hierarc::hy of cxx1twl that is emorsed by NIQSH ard the CCI'lSel'lSUS of the 
plblic haal.th <XJmnnity. ~, this hierarchy of CXI'ltrol is 
consistent with NIC&i's IiUlosqjly m limitin; the use of respirators 
ally to these ci.rolmstances ~ 8n1inee.rin.J CXI'ltrols are oot 
tedmologically feasible. 
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'Ihe OSHA prqxJSed rule specifies five ci.rcumstar¥::es un:1er which 
respirators may be used in lieu of en;ineer:in;J controls for reduc:irq 
worker exposure to hazardous substances. '!hey are: 

1. OJrin:;J the time necessary to install feasible en;Jineerin;J controls; 

2. Where feasible erqineer:in;J controls result in only a negligible 
reduction in exposure; 

3 . Olri.rq ererqencies, life savi.n;J, r:ecovery operations, repair, 
shutdowns, ani field situations where them is a lack of utilities 
for inplementin; ergineerin; cart:rols; 

4. Operations requiri.n;J added protection where there is a failure of 
normal controls; an:i 

5. Entries into unknown atloosphe.res. 

NIOOH is particularly c:orrerned that circumstance nt.mlber 2, ''Where 
feasible ergineerin; controls result in ·only a negligil::lle reduction in 
~," is nebul.oos ani the tem "negligible reduction" is 
subjective am qa1 to broad interpretatioo. If circumstance rllll'N:Jer 2 
is to be retained, NICSH reccmnends that OSHA quantitatively define 
"negligible reduction" ani require the enployer to doonnent that 
feasible en;rineerin; cart:rols result in only "negligible reduction." 
'Ihe evaluation of this documentatiat lliall.d help to assure the best 
protectioo for \WOrkers ani minimize the inappropriate use of 
respirators as a pri:mal:y form of hazard cxrttrol. 

'Ihese five circ::umstances seem reasa'1able ani, on cxx:asion, NIOSH has 
:recatmended the use of respirators for circ::umstances correspc:nii.n; to 
nuni:lers 1, 3, 4, ani 5. However, NIOSH is c:orrerned that unsafe 
workplace ocn.titiCI'lS may result if the routine use of respirators 
rather than en;r.inee:rirq ccntrols is permitted by default any time one 
of these five ccniitia'lS exist. For exanple, durin;, the installation 
or retrofitti.n:1 of new en}ineerin;;J cart:rols (cil:o.mlstance #1), it might 
be feasible to install talp)rary caJt:zols such as portable ventilation 
or to isolate the tba wotitar, rather than to use respirators for 
cart:rollin;;J expcsu:raa until the new &D;Jineerin;J cattzo1s are in place. 
Respiratars for thia circumstanca might not be as protective as the 
teqlorary en;inearinq ocntr:ols. Fer all five circumstances, NICSH 
reo ""•Ids that alfA establish criteria by whidl the enployer can 
dooli'EI'lt that~ cart:r:ols are not feasible or that they are 
less etfactiw than reapiratars. '!base criteria wtW.d help to minimize 
the ~te use of respirators as a primaJ:y fom of hazaJ:U 
cart:rol. If requested by CSHA, NIOSH wtW.d assist in develcpin;J the 
criteria for evaluatin;;J the hierardly of cart:rol. 

Enclosures and/or attachments that are not included are available 
free of charge from the NIOSH Docket Office [513/533-8450]. 
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