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In Decal. er of 1979, the National Institute for Occupational safety and
Health (NICSH) p.Jbli.shed a dCX'ment entitled, criteria for a
Re;plIinen:ied. starrlard....Worki.rp in CQnfi.ne;i Spaces (NI<:eI 1979). NIOSH
conti..ruJ.es to en:iorse the reG! i1iiendations of that criteria dOCl.lIt'ent.

NIOOH has ccnt.i.nue:i to evaluate confined space hazards since 1979. In
1986, NIasH published an alert entitled, Request for Assistance in
Preventirp OCCUpational Fam] ities in confined Spaces (NICSH 1986) and
in 1987, a docment entitled, A Guide to safety in Confined Spaces
(NIOOH 1987). '!he Fatal Accident Circumstances ani Epidemiolo:y (FACE)
project has evaluated. selected confined space deaths since January 1984
(Attachment 1). A stIIIItIiUY of the results of the FACE confined space
reports has been accepted for publication in the Jcmnal of Safety
Research (COnroy et ale 1989) ani is attached.

OSHA's estimate of 39.1 fatalities per year due to confined space
incidents~ to be extremely lOWJ. '!he NIOOH FACE program has
investigated 44 incidents resultin; in 70 fatalities in five years (an
average of 14 fatalities per year). FACE is a passive surveillance
system that relies on reports fran a limited number of reporti.ng states
an::l, therefore, represents a limited percentage of the total occurrence
of confined space deaths in the United States. A maximum of 11 States
have participated in the FACE project at arrj one tilDe, and the average
annual rnrnr.p..r of fatalities investigated by FACE is theoretically more
consistent with the mtlF-based estimate of 127 aJ'U"1Ual fatalities than
with the CSiA est:ilIlate of 39.1 fatalities.

'Ibere is a lack of definitive data on the frequency of confined space
injuries ani fatalities. NICSH has reviewed the 8Jreau of labor
Statistics (BLS) SURJlementa%y Data System (SCS) for potential confined.
space claims, ani the National Traumatic OCCUpational Fatalities (NroF)
data base for potential confined space fatalities. '!he results of
these analyses are attached (Atta.chment 2) with an explanation of their
li.mi.tations. Base:1 on these data, NIasH estimates that a mi.ni.Ira.Im of
763 confined space fatalities occurred between 1980 and 1985
(approximately 127 fatalities per year) .

NIOSH has fOJn:l that <XInfined space fatalities involve a failure to
post a wamin:J al the CCI"lfined space, a failure of the victim to
reccgnize the space as a CCI"lfined space hazaJ:d, a failure to m:mitor
and ventilate the am sphere before entIy, and well-intentioned but
il1-<:XJJlCeived resoJe atteq:Jts (0Jnr0y et al. 1989). Based on our
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experience in investigati.rq' confined space fatalities tl'1rolI.3h the FACE
project arx1 in eva1uat.i.n::J other reports of confined space fatalities,
NIaiH continues ta reo lIiierd that there be a mi.n.imJm of three classes of
confined spaces, that all confined spaces require pem.i.ts am monitaring ,
an:i that ventilation is the preferred erqineerin; COJitrol method (NIOSH
1979).

The proposed definition for "pemi.t required confined space" in 1910.146
(b) (23) includes the qualifyiIql~ in (23) (iv) (A) I "contains or has
a known potential to contain a hazan:klus am lS(:i1ere." NIaiH is
corx:::erned with the use of the tem "known pctential" in this definition.
The available data i.n:ii.cate that failinq to recxx;llize the potentially
hazardaJs con::lition or enteriIq a confined space~ the hazards are
not "known" are the 1eadi.rq cont:riJ:lutin; factors to confined space
fatalities. 'I\Jenty-five (36 percent) of the seventy deaths resulti.rq
fran the 44 incidents investigated by the FACE project tl'1rolI.3h December
of 1988 were supeIVisors: in 37 of the 44 iric:idents, failure to recogJlize
the ~tion as involvi,n; a confined space was a contriJ:Jutin; factor
(Conrey et al. 1989). NICSH I'ediiii.en:!s that the word "known" be deleted
fran the l~e used in the definition of permit required space.

OOHA cuilieuts in the preanDle to the prcpcsed nU.e that the data inii.cate
there are low-risk ard high-risk confined spaces (page 24088). OSHA
further~ that they have not adequately c:1.istin;}ui.. between
these spaces. NIOOH concurs. '!he FACE data indicate that the frequency
of fatalities due to confined spaces is greatest in nuni.cipal (25
percent), marufacturirx] ard prcx:tucti.on (20.5 percent), plumbin; and
sewage (15.9 percent), an::i ccnstruetion (15.9 percent) in:iustries.
Sewage was present in 35 percent of the confined spaces investigated, ,
water in 25 percent, chemicals in 20 percent, an::! petroleum prcx:iucts in
11 percent. '!he high-risk confined spaces ac:cordi.nq to the FACE reports
are tanks (38.6 percent) I utility vaults (18.1 percent) ard sewers (18.1
percent) (COnroy et al. 1989).

The highest risk for confined space fatalities are those spaces where the
[Xltential to contain a hazardaJs am S[Xlere is not known or recognized.
utility vaults, sewers, water SUJIPS, and silos acx:x::unted for 19 of the 44
incidents investigated by~ fran JaruJarj' 1984 tl'1rolI.3h December 1988
(COnrey et al. 1989).

The high frequency of confined space fatalities involvi.n:3' sewers and
utility vaults, and the fact that theseccnfined spaces ten::l to be widely
dispersed rather than centrally located, as are the confined spaces in
many marufacb.1rin:J arr:i chemical p1Cx:essin; operations, should be
carefully c::cnsidered by~ in~ if a sin;le stan:tard can
adequately cd:h:ess CXI1fined space enb:y for both manufacturi.n;Vprcx::ess:iIq
hazards an::! utility/sewage hazards.
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For spaces with limite::i openi.n;Js for entzy ani exit ani unfavorable
natural ventilation, NICSH a:Jnti.ruJes to reo iiAIen:i that the \oiIOrKer be
made aware of the dan;ers involved in enteri..n; sud1 a c:xmfined space
t.l'u:'ough trairli.n3' ani~ of the space. NIOOH continues to
rec)I'liEnd that cx:mfined spaces be categorized into at least 3
classifications to detemine ~iate work practices (NICSH 1979) .
NIOOH Ie:> Illisms that p.lI'gi.n;J ani ventilation be require:t environmental
controls for class A ani class B ccnfined spaces, and that
enviLuliuental naUtorirq always be require::l to insure the effectiveness
of the ventilation in class A ccnfined spaces.

NIasH also reo lillen:Js that CSiA consider regulati.n;J as a separate class
of confined space, those spaces where the potential am. spheric hazard
is oxygen deficiercy. NICSH makes this reo liAIen::!ation because of the
frequent cxx:urren::e of such confined spaces in norunamfacturirq areas,
the frequent rnJIDber of fatalities in them, and the relative
effectiveness of a siIrple air IIDIli.torin;J procMm:e in preventirq
fatalities in these spaces. EntIy into oxygen-deficient spaces is
extremely dan;Jera.1s because oxygen deficiency does not have adequate
wami..rq properties. '!he onset of hypoxia is d1aracterize:i by a lack of
coordination ani poorj~ (Barral 1970). Because of these
dan;Jers, axygen-deficient spaces will frequently cause ltLlltiple
fatalities (CCnruy et ale 1989). SiJEple, portable, direc:t-readi.nq
oxygen meters are available and are certified for use in harsh
envira1ments by the Mine safety ani Health Administration.

NIasH has reviewed the American National standards Institute's
consensus st:a.rmrd ANSI Zl17.1-1988 on "safety requi..rements for
c:onfi.ne:i spaces. II Basa1 an CAlI' extensive experience in analyzi.n;J
confi.ne:i space fatalities, NIasH cont:enjs that the reo::llioieOOations in
CAlI' 1979 criteria doc'D"ent, Workirp in COnfined Spaces (NIOSH 1979) arx:i
CAlI' 1987 Guide to safety in confined Spaces (NICSH 1987) are rore
protective of worker safety am offer ItI:)re flexibility to enqJloyers.

It is iDportant to recxqllize that NIOSH does not re "illEnd the entIy of
worKers into confined spaces where 1.IJ'1kncM'l am'spheres, hazan:iaJs
am spwres, or imnpdiately dan;Jeruus to life and health (IDIH)
am.~ exist at the time of enay. NIesH reo liliElm that, where
possible, CCI'1fined spaces be purge1 and-ventilated so that safe
am.~c cxn:litialS are axainecl before worker enay. 'n1e
precautia1S an::l \«)l'Jt practices ccntained in the criteria dcxunent are
based on this premise.

NIOSH is aware that there are certain circumstances where purging arx:i
ventilatirq confined spaces may not I'eI"D!r a safe atm lS[ilere, or may

-3-



even create a IIDre hazardcus situation. If it is absolutely necessary
to enter a confined space that c:Ontains an unknown hazardous or Iorn
at1ocsp,ere at the time of entrj, special precautions nust be taken.
NIOOH does not en::iorse entry into such a dan;erous environment un:ier
tile generic criteria specified in either the OSHA proposed role or tile
NIOSH criteria doclJlTent for Class A confined spaces. Er1t.l:y into a
confined space unJer lDUI contitions requires the careful consideration
of several factors in addition to those set forth for Class A confined
spaces:

• Is the shape ani size of the space such that it will
interfere with the~ or qJeration of the aRJI~iate

respiratory prote=tion?

• Is the size ani shape of the open.i..n;J into the confined space
cc::apatible with the entIy of workers am resaJe pen;onnel in
ClfPloptiate respiIato%Y protective equipnent, an:1 with the
re!DI7Vcll of an injured worker wearing respiIato%Y protective
equi.pDent?

• Will a worXer be able to escape fran the space in an
emergency situation with the respirato%Y equipDel1t selected?

• Is the worker fumi..shed with an appI'q)riate escape device in
case of a failure of the primary means of respirato%Y
protection?

• Is it possible to Iraintain tw-way (XlJlJlmication between the
workers in the space am atten:::!ants outside the space while
respirators are being worn?

CSHA should address the entry of confined spaces with IDIH or hazardous
am S['i1eres in a separate section of the stan:Brd that clearly provides
for the conditions urder whidl such an entIy may be all~, an]

provides detailed specificatialS 00 the PIt csntres and work practices
to be foll~.

NIQSH Ie' iiiien:ls that CSHA specify in the final stan:Brd the type of
respiratory protection IeqUired for workers enterin; CCI'lfined spaces
an:1 for atten:iants at ccnfined spaces. '!he det:emination of the
~te respiratory protectioo, in addition to addressing the
nature and geaoetIy of the CXlI'lfined space as ad:!re:ssed aboVe, must also
require that the atm::lSpheric cxn:titions in the confined space be
evaluated far:

1) oxygen content,

2) types an:! c:x::n=entraticns of contaminations, ani

3) the NIQSH Respirator C!ecision Ipgic (ROL) selection
19=' 1I00erdations (NIQSH 1987).
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Accordirq to tile RDL, the nest protective types of respiratory
Protection. should be WlOm un:ier the follOW'i.n:; con:iitions:

1) the aDiJienta~ is oxygen-deficient (less than
19.5%) ;

2) am 6'[i1eric c:on::titions of the ambient erwi.ronment are
greater than ilImedi.ately dan3'eraJS to life am health
(IOlli) values ;

J) emergercy situations where the am sy'ileric c::on:litions are
unknown;

4) contaminants in the environment are carcincgens; or

5) fi.refightirq carditions.

In confined space ci..ro.Jmstances where none of these conditions exist,
other, less protective classes of respirators can l::e used. 'Ibese
respirators inclu:ie, bIt are not lilnited to, air-purifyinq an:i por...re.red
air-purifyirq respirators with half-mask or full facepiece). If these
less prctec:tive respirators are worn am the am spheric con:titions can
be<::nne IOlli or oxygen deficient, then an escape sc:B1l. ItUSt l::e carried by
the worker for emergency/escape use. .

If none of the five cc:n:iitions listed above exist, am the ~rcpriate

recuiilerded exposure limit(s) (REIs) or permissible exposure limit(s)
(PELs) are not exreeded, then no respiratory prctec:tion is required.
Ha.Never, an emergency/escape respirator DIJSt be carried by the 'NOrker
am this escape device can l::e either air-p.lrifyi.n; or air-suRJlied.
dependi..rr;J on whether the a~ic ccn:iitions can becalle oxygen
deficient or lOIli. The type of escape device is also depen:lent on
other selection am use criteria which are outlined. in the NIOSH RDL.

For all confined. space entries where an attendant is required am where
the a~ic corxii.tions are or can be x lie oxygen deficient or lOlli,
the attendant DlJSt carty the IOOSt protective respirator for emergency
use. Where am CS['l1eri.c conditicms either are not or cannot becare
oxygen deficient or IDIH, then the attendant IIIJSt still carry a
respirator for emergency use rut that respirator may be air-pJrifyinq.

* 5elf~ breathiIq apparatus in pressure-demand (PO) or
other positive-pressure (PP) m:xle, or Type C SUl=Plied-air respirator
operated in a PO or PP Ircde with auxilia%y SCBA.
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LIST OF FMM.. ,N 1 MIEN1'~
Nm ~EPmll.Hll'T'Wl'...rrH"")(CG'{ (F'1tC!:) RElUdS SJBIl'rm) '10 CSIl\ ~n_'Dni ~19

FH::E REt<RI' t ~ 0f\TE

89-28 'I\¥o Maintenance Workers Die After Inhalin:J Hydrogen 07/30/89
SUlfide in Manhole

88-44 censtruetion SUb-contractor AsP'IYXiated in Manhole 12/21/88

88-36 'Ihree censtruction SUpervisors Die fran 12/15/88
AsP'IYXiation in Manhole

88-01 'I\.Jo SUpervisors Die in Manhole in scuth 04/05/88
carolina

87-67 'I\¥o censtruction Workers Die Inside 04/05/88
sewer Manhole in In:liana

87-64 Medlanic Asphyxiated Within steam 5el:vice 11/08/88
Passageway

87-59 73 Year-<>ld 5elf-Ertployed P\Jnl) Service 08/06/87
Contractor Dies in Well in Maryland

87-57 ParKs and Recreation Director Dies in OXygen 07/28/87
Deficient At:IlDsphere in west Virginia

87-50 Tractor-Trailer RepainDan Dies while Weldi.n:l 07/21/87
Interior wall of a Tanker in Intiana

87-49 Farmer Dies in Inllana 07/20/87

87-47 Worker Dies Inside Filtratial Tank in Midti.gan 07/07/87

87-46 Ct:nfined Space Fatality at a Wastewater Treatment 06/25/87
Plant in Irdiana

87-45 one Cead, one Near Miss in sewer in Kentucky 06/30/87

87-39 Fam WorKer Asphyxiated in Grain Silo in 05/11/87
In:Uana

87-33 Digester Explosion Kills Two Workers at 03/06/87
wastewater Treatment Plant in Pennsylvania

87-27 Truck Driver Dies While Cl~ out Inside 04/07/87
of Tanker in SOUth carolina

87-26 WOrker Dies After Lift.i.n:I Aooess COVer on 03/10/87
Acid Reclaim storage Tank in Virginia
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AU & hiAIt 1 (c:xmt.bued)

~ REtUd" ~ ~

87-25 Worker Dies While Repairi..n; a Vaamm Evaporator 02/24/87
in Virginia

87-23 General Maintenance Person ~yxiated Att.enptin;J 02/10/87
to Repair Water Leak

87-20 'IW Workers Qie in Digester unit in New Mexico 01/26/87

87-17 Worker Dies While C1eanin:J Freon 113 Degreasi..n:; 12/11/86
Tank in Virginia

87-06 '!'No Dead, Five Injured in Confined Space Incident 11/18/86
in Oregorl

87-05 <>.mer/Foreman of construction Q"Jrpany Dies in 11/25/86
15 Foot-Deep Manhole in califomia

86-54 Insufficient OXygen Level in sewer Claims the 09/29/86
Life of Plumbirg contractor in GeoIgia

86-48 28 year-old Dies in Resale Atteapt in Drainage Pit 09/19/86
in Illirois

86-38 'n1ree Dead, one critical in In:h1strial septic Tank 08/04/86
in Georgia

86-37 'IWo Workers Die in un:lergramd Valve Pit in 08/06/86
OklahaDa

86-34 'n1ree Dead in Confined Space Incident in New York 07/20/86

86-23 Foundry Worker Dies in Irdi.ana 05/13/86

86-19 Tr\r.k Driver SUffocates in~ Bin in 03/06/86
~ulSylvania

86-15 steel Worker Dies in an Industrial Waste Pit in 03/18/86
Pennsylvania

86-13 WoI1cBr Dies in Fementatia1 Tank in Montana 03/17/86

85-49 'D1ree Fire Fighters Killed Fight:in;J Silo Fire In 09/27/85
alio

85-45 Worker Killed in cave-In at auo Excavation Site 09/18/85

85-44 'I\«) sanitation Errployees Die in Confined Space in 08/30/85
Kentucky

-2-



AttadmEnt 1 (cxmt.:ilU!d)

usr OF FAmL lu:11 1!JI1"~
AND ....EPm1LUl,..,..,..U'"'l.....U cr;y (FACE) REtUaS SlJIIiI11"D!D 'lO CSIl\ niXX1CEl~P"ElITti ~1.9

~ RERRl' 3 stJBJEX::l' DI\TE

85-40 City water Worker'bies as a Result of Bei.n:J CNer- 08/12/85
cx::me by Natural Gas vapors While Reading a Water
Meter in a Confined Space in Ohio

85-33 Constn.Iction Worker Dies as a Result of, Awlyi.rq 08/07/85
Coatirq Material in Confined Space in California

85-31 'lhree sanitation Workers and one Policeman Die in 07/09/85
an lJrl:iergrourd Sewage ~~ station in Kentucky

85-27 Rescue Effort Results in Fatality for a Wire 06/17/85
MarUlfacturirg Plant Worker in Illinois

85-26 27 Year-Old Dies Inside of 6 Million Gallon Storage 06/14/85
Tank

85-23 Use of SUlfuric Acid in septic Tank Leaves one Dead. 05/15/85
and One critical in Pel"In;ylvania

85-12 one Dead, one. Injured in Elevator Fall at 03/20/85
OJnstruct.ion Site in MisSOJri

85-09 Worker Dies in 20,000 GallC3l Gasoline B.1lk Tank 03/19/85
While Weari.rq Closed circuit SOCA in VeIlOOl1t

85~5 centined Space Incident Kills Two Workers - c:arpany 02/06/85
~loyee and Resa.1.i.rq FirBDan

85~2 ~ Pesa1ers Die in Fract1Jrirq Tank in west U/14/84
Virginia Gas Field

84~13 ~ Q:lnfi.ne:i Space Fatalities D.1rinq OJnstruct.ion 03/08/84
of a 5aIer Line

84~11 Fire at a wastewater Treatment Plant U/29/83
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AIL. t at 2

Nmts¢al Inimy

A major shcrtoc:mi.n:} of the data sources used by NIOSH,IOOR is the lack
of arrt sin3'le cx:::de, or series of codes, to denote if an injury or
fatality ocxmred in a CCIlfined space. While NIOOH has developed
criteria an::! definiticns for confined spaces, they have not been
exten:ie::l to develop staman:l data classificaticns for makin;J confined
spaces. a ccdable hazard. A further CXIIp1lcatia'l is that many injuries
that are typical in CCIlfined spaces occur in other '-'Ork areas as well.
For e>caq:)le, a fatality oc::x::urri..rl in a seIVice station garage because
of cartx:n JIIJnCXide poi..sa1i.n; wal1.d be very difficult to separate fran a
similar death ocx:urri.nq in a serage service manhole passageway.

With these factors in mi.n:1, the Em'eau of IalJor Statistics (SIS)
SURJlementary Data System (Sa;) was examined to identify cxmp!nsation
clai.ms that 'Were potential confined space incidents. 'Ihe data are for
the year 1986•. 'Ihis was dane by selectirg sa; '~ of Accident" c:odes
that exh1bite:l cutcxmes that \reO.1ld be expected due to hazards create:l
by confined spaces. 'Illese accident types are···erivi.ronmental heat,
contact with radiatioo or toxic materials, an::! explosicns. contact
with radiatim or toxic materials includes ccntact by inhalation,
contact by absoZ'ptial, an1 CXI1tact by means not elsewhere classified
(NEe). '1bese specific accident types acx:cunted for 33,836 claims in
the 1986 sa;. 'Ihe frequen:.y breaJa::Icwns by industrial division, nature
of injury, body part injured, source of injury, an1 oocupa.tian for each
accident type are pI S 1!1 rtai in Tables 1 t:lu:'cu;h 5.

In reviewi..n:l these data, it IIIJSt be IHiAI' ered that the frequencies are
not natiaw. values but rather claims filed in 1986 fran only 27
states. F\n:thermJre, because the states have different CXJ!'P"'l'lSatian
laws, C'X'JI'{'>arisa'lS between States are not possible. Finally, because no
infomatioo is a.va.ilable to deteImine whether a confined space was
actually involved in the incident,~~~ in:iicate~
injuries tvPka] Q! CXIlt1ned~ e:wposure exist.

FiItzIl In1m:y

As with the SIS sa; data, detemi.ni.rI; the exact nnni"lP..r of fatalities
resultiJ'q fran hazards in CXI'lfined spaces is difficult. Fatalities
were assoose'i by usin) the NICSH,IIER Natiaal. Traumatic OCClpational
Fatalities (NroF) data base. 'Ihe pIooess was similar to that used for
the nc:I1fatal cases pUled fran the sa;. First, the type of deaths that
wal1.d be expected to occur in confined spaces was selected fran the
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NIOF files usi..rq the International Clg§5ification of Di§ff'lses, 9th
Revisia1, External cause of Death COdes (E-ccdes). ~tely 90
percent of the rrn:>F recxm1s have E-codes.

To identify potenti.al <XIlfined space-relatai fatalities, each NIOF
record with a selected E-ccde was han::l seardled to determine whether '.
the fatality was a <XI'lfined space-related death. '!he subset of E-ccxies
examined was acx:idental poisati.n:ls by other solid ani liquid
substances, gases am~ (E861, E862, E866, and E869), excessive
heat (E900), acx:idental c:b:'am.i.n; and sntJ!Ersian (E910), acx:identa1
mechanical. suffocaticn (E913), accidents caused by explosive materials
(E923), and accidents CCl11sed by' hot substances or objects, caustic or
corrosive lIBterials, am steam (E924). It is not known if other
E-code.s shcu1d have been includecl in this subset to identify other
types of cxnfined space fatalities.

Between 1980 and 1985, a total of 2,640 fatalities~ fCAlJ"d in the
NroF files that \¥ere c:x:xmd with one of the specified E-codes,
representinq ~tely 7 percent of the death certificates in the
NIOF data base that inclu:1e:l E-ax1es. Upon exam.ini.n; the injuzy
descripticn fields of these records, 763 fatalities \¥ere determined to
very likely be <XIlfined space deaths. Many of the remi.ni.rq records
were net specific encu;Jh to determi.ne whether the death occurred in a
confined-space. still, these 763 c:ases-zep1 sent'~tely 2
percent. of' the E-ecdecl deaths in the NlOF system.

As with the 50S data, cautiCl1 shculd be used in evaluatinq these
o:::mtts. First, they should be CXI'1Sideze::l miniDum values for the IUmIber,
of confined space deaths that occurred in the united states between
1980 ani 1985. Furthezmore, when readinq the injuzy description
fields, care was taken nat to incl1.de a case, regardless of how
suspiciQ.1S it~, unless evidence existed that a confined space
was involved. '!hose cases \oihidl involved poiscn:Jus fumes were only
selected if eviden:2 showed the worker was in a confined space such as
a bin, vat, or other stzueture. It is likely that saDe of these
poi.son.i.nq cases are confined space incidents, tut were not clearly
stated as sud'l.

Finally, because ally a subset of the cases in the NlOF were searched,
it is p:&Jible that other E-ecdes net SCIeened here do have confined
space fatalities asscCiated with them. Again, this brin:Js to light the
prd.:>lems in det:emini.n;r cxnfinecl space deaths becanse a confined space
incident invclves not ally bg{ the worker died, bJt also where he died.

-2-
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