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In December of 1979, the Naticnal Institute for Cocupaticnal Safety amd
Health (NIOSH) published a document entitled, Criteria for a
Recommended Standard....Working in Confined Spaces

(NIOSH 1979). NIOSH
contimes to erdorse the recammerdations of that criteria document.

NIOSH has contimied to evaluate confined space hazards since 1979. 1In
1985, NICSH p.xbl:.s.t’ned an alert ent:l.tled M_lsta__rne*m
] 1 Spaces (NIOSH 1986) ard

in 1987, a document entlt-led AMMMM
(NIOSH 1987). The Fatal Accident Circumstances and Epidemiology (FACE)
project has evaluated selected confined space deaths since Jaruary 1984
(Attachment 1). A summary of the results of the FACE canfined space
reports has been accepted for publication in the Jourmal of Safety
Research (Conroy et al. 1989) ard is attached.

FREQUENCY OF TNJURIES AND FATALITIES

OSHA’s estimate of 39.1 fatalities per year due to confined space
incidents appears to be extremely low. The NIOSH FACE program has
investigated 44 incidents resulting in 70 fatalities in five years (an
average of 14 fatalities per year). FACE is a passive surveillance
system that relies on reports from a limited mmber of reporting States
and, 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 any one time, and the average
anmial mumber cf fatalities investigated by FACE is theoretically more
consistent with the NTOF-based estimate of 127 annual fatalities than
with the CGSHA estimate of 39.1 fatalities.

There is a lack of definitive data on the fregquency of confined space
injuries amd fatalities. NIOSH has reviewed the Bureau of labor
Statistics (BLS) Supplementary Data System (SDS) for potential confined
space claims, and the Naticnal Traumatic Occupaticnal Fatalities (NTOF)
data base for potential confined space fatalities. The results of
these analyses are attached (Attachment 2) with an explanation of their
limitations. Based con these data, NIOSH estimates that a minimm of
763 confined space fatalities occurred between 1980 and 1985
(approximately 127 fatalities per year).

FACE RESULTS

NICSH has found that confined space fatalities involve a failure to
post a warning an the confined space, a failure of the victim to
recognize the space as a confined space hazard, a failure to monitor
ard ventilate the atmosphere before entry, amd well-intentioned but
ill-conceived rescue attempts (Conroy et al. 1989). Based on cur



experience in investigating confined space fatalities throush the FACE
project and in evaluating other reports of confined space fatalities,
NIOSHcorrtmmtormmerﬁthatthexebeaminimmofthreeclassaof
confined spaces, that all confined spaces reqm.re permits and monitoring,
ard that ventilation is the preferred engineering control method (NIOSH
1979).

The proposed definition for "permit required confined space" in 1910.146
(b) (23) includes the qualifying language in (23) (iv) (A), "comtains or has
almcwnpotmtialtoocntainahazaxdmsaﬂms;here." NIOSH is
concerned with the use of the term “"known potent:.al" in this definition.
The available data indicate that failing to recognize the potentially
hazazdmsccniltlonorentenrqaccnfinedspacewhe:ethehazardsam

not "known" are the leading contributing factors to confined space
fatalities. Twenty-five (36 percent) of the seventy deaths resulting
fram the 44 incidents investigated by the FACE project through December
of 1988 were supervisors: in 37 of the 44 incidents, failure to recognize
the operation as involving a confined space was a contributing factor
(Conroy et al. 1989). NICSH recommends that the word "known" be deleted
from the language used in the definition of permit required space.

OSHA camments in the preamble to the proposed rule that the data indicate
there are low-risk and high-risk confined spaces (page 24088). OSHA
further suggests that they have not adequately distinguished between
these spaces. NIOSH cancurs. The FACE data indicate that the f

of fatalities due to confined spaces is greatest in mumicipal (25
percent), mamufacturing and production (20.5 percent), plumbing and
sewage (15.9 percent), and construction (15.9 percent) industries.
Sewage was present in 35 percent of the confined spaces investigated,
water in 25 percent, chemicals in 20 percent, and petroleum products in
11 percent. The high-risk canfined spaces according to the FACE reports
are tanks (38.6 percent), utility vaults (18.1 percent) ard sewers (18.1
percent) (Conrouy et al. 1989).

The highest risk for confined space fatalities are those spaces where the
potential to contain a hazardous atmosphere is not known or recognized.
Utility vaults, sewers, water sumps, and silos accounted for 19 of the 44
incidents investigqated by FACE from Ja.rmry 1984 through Menber 1988
(Comroy et al. 1989).

The high frequency of c:nf:l.nedspaaa fatalities involving sewers and
utility vaults, and the fact that these confined spaces terd to be widely
dispersed rather than centrally loccated, as are the confined spaces in
many mamufacturing and chemical processing cperations, should be
carefully considered by OSHA in determining if a sirngle standard can
adequately address confined space entry for both mamifacturing/processing
hazards and utility/sewage hazards.



NICSH RECOMMENDATIONS

For spaces with limited openings for entry and exit amd unfavorable
natural ventilatian, NIOSH contimues to recommend that the worker be
made aware of the dangers involved in entering such a confined space
through training and posting of the space. NIOSH cantimues to
recammerd that canfined spaces be categorized into at least 3
classifications to determine appropriate work practices (NIQSH 1979).
NICSH recammerds that purging and ventilation be required envirormental
cantrols for class A ard class B confined spaces, arxd that
environmental monitoring always be required to insure the effectiveness
of the ventilation in class A confined spaces.

NICSH also recammends that OSHA consider regulating as a separate class
of confined space, those spaces where the potential atmospheric hazard
is oxygen deficiency. NIOSH makes this recommendation because of the
frequent occurrence of such confined spaces in normanufacturing areas,
the frequent number of fatalities in them, and the relative
effectiveness of a simple air monitoring procedure in preventing
fatalities in these spaces. Entry into oxygen-deficient spaces is
extremely dangerous because axygen deficiency does not have adequate
warning properties. The anset of hypoxia is characterized by a lack of
coordination and poor judgement (Barron 1970). Because of these
dangers, axygen—deficient spaces will frequently cause multiple
fatalities (Conroy et al. 1989). Simple, portable, direct-reading
axygen meters are available and are certified for use in harsh

NIOSH has reviewed the American National Stardards Institute’s
consensus standard ANSI 2117.1-1988 an "safety requirements for
confined spaces." Based an our extensive experience in analyzing
confined space fatalities, NIOSH contends that the recammendations in

ur 1979 criteria document, Working in confined Spaces (NIOSH 1979) and
our 1987 @Mmmm (NIOSH 1987) are more

protective of worker safety and offer more flexibility to employers.

CNCLUSTION

It is important to recognize that NIOSH does not recammend the entry of
workers into confined spaces where unknown atmospheres, hazardous
atmospheres, or immediately dangerous to life and health (IDIH)
atmospheres exist at the time of entry. NIGSH recommends that, where
possible, confined spaces be purged and-ventilated sc that safe
atmospheric conditicons are cbtained before worker entry. The

precautions and work practices caontained in the criteria docament are
based on this premise.

NIOSH is aware that there are certain ciraumstances where purging and
ventilating confined spaces may not render a safe atmosphere, or may



even create a more hazardous situation. If it is absolutely necessary
to erter a confined space that contains an unknown hazardous or IDIH
atmosphere at the time of entry, special precautions must be taken.
NIOSH does not endorse entry into such a dangerous envirament under
the generic criteria specified in either the OSHA proposed rule or the
NIOSH criteria document for Class A confined spaces. Entry into a
confined space urder IDIH corditions requires the careful consideration
of several factors in addition to those set forth for Class A confined
spaces:

lIstheshapeanisueofmespacesmmtltwul
interfere with the wearing or cperation of the appropriate
respiratory protection?

m Is the size and shape of the opening imto the confined space
campatible with the emtry of workers ard rescue persannel in
appropriate respiratory protective equipment, and with the
removal of an injured worker wearing respiratory protective
equipment?

8 Will a worker be able to escape from the space in an
emergency situation with the respiratory equipment selected?

® Is the worker furnished with an appropriate escape device in
case of a failure of the primary means of respiratory
protectian?

8 Is it possible to maintain two-way cammmnication between the
workers in the space and attendants cutside the space while
respirators are being worn?

OSHA should address the entry of confined spaces with IDIH or hazardous
atmospheres in a separate section of the standard that clearly provides
for the canditions under which such an entry may be allowed, and
provides detailed specifications on the procedures and work practices
to be followed,

NICSH recammerds that OSHA specify in the final standard the type of
respiratory protectian required for workers emtering confined spaces
and for attendants at confined spaces. The determination of the
appropriate respiratory protection, in addition to addressing the -
nature and geametry of the confined space as addressed above, must also
require that the atmospheric conditions in the confined space be
evaluated for:

1) oxygen conternt,
2) types and concentrations of contaminations, and

3) the NICSH Respirator Decision [ogic (ROL) selection
recammerdations (NIOSH 1987).



According to the RDL, the most protective types of respiratory
protection® should be worn wxder the following corditions:

1) the ambient atmosphere is oxygen-deficient (less than
19.5%):

2) atmospheric conditicns of the ambient envirorment are
greater than immediately dangerous to life and heaith
(IDIH) values:

3) emergency situatians where the atmospheric corditiaons are
UNKNoWn

4) contaminants in the enviromment are carcincgens; or
5) firefighting carditions.

In confined space circumstances where none of these corditions exist,
cther, less protective classes of respirators can be used. These
respirators include, but are not limited to, air-purifying and powered
air-purifying respirators with half-mask or full facepiece). If these
less protective respirators are worn and the atmospheric corditions can
become IDIH or oxygen deficient, thenanescapeSCBAmstbecarnedby
the worker for emergency/escape use.

If none of the five conditions listed above exist, and the appropriate
recamnended exposure limit(s) (RELs) or permissible exposure limit(s)
(PElLs) are not exceeded, then no respiratory protection is required.
However, an emergency/escape respirator must be carried by the worker
and this escape device can be either air-purifying or air-supplied
depending an whether the atmospheric conditions can become oxygen
deficient or IDIH. The type of escape device is also deperdent on
other selection and use criteria which are cutlined in the NIOSH RDL.

For all confined space entries where an attendant is required and where
the atmospheric carditions are or can became axygen deficient or IDIH,
the atterdant must carry the most protective respirator for emergency
use. Where atmospheric conditions either are not or cannot became
oxygen deficient or IDIH, then the attendant must still carry a
respirator for emergency use but that respirator may be air-purifying.

* Self-contained breathing apparatus in pressure-demand (PD) or
other positive-pressure (FP) mode, or Type C supplied-air rnsplrator
qaemtedinaPDorPPmdemthamlmryscm
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Attachment 1

LIST OF FATAL ACCIIENT CIRCIMSTANCES

AND EPTIEMICIOGY (FACE) REFORTS SUBMITIED TO OSHA DOCKET S—019

FACE REPORT # SUBRJECT DATE

89-28 Two Maintenance Workers Die After Inhaling Hydrogen| 07/30/89
Sulfide in Manhole

88-44 Construction Sub-contractor Asphyxiated in Manhole | 12/21/88

88-36 Three Construction Supervisors Die from 12/15/88
Asphyxiation in Manhole

88-01 Two Supervisors Die in Manhole in South 04/05/88
Carolina

87-67 Two OQonstruction Workers Die Inside 04/05/88
Sewer Manhcle in Indiana

87-64 Mechanic Asphyxiated Within Steam Service 11/08/88
Passageway

87-59 73 Year-0ld Self-Emploved Pump Service 08/06/87
Cantractor Dies in Well in Maryland

87-57 Parks and Recreation Director Dies in Oxygen 07/28/87
Deficient Atmosphere in West Virginia

87-50 Tractor-Trailer Repairman Dies while Welding 07/21/87
Interior Wall of a Tanker in Indiana

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

87-47 Worker Dies Inside Filtration Tank in Michigan 07/07,/87

87-46 Canfined Space Fatality at a Wastewater Treatment 06/25/87
Plant in Indiana

87-45 One Dead, One Near Miss in Sewer in Kenmtucky 06/30/87

87-39 Farm Worker Asphyxiated in Grain Silo in 05/11/87
Indiana

87-33 Digester Explosion Kills Two Workers at 03,/06/87
Wastewater Treatment Plant in Permsylvania

87-27 Truck Driver Dies while Cleaning Out Inside 04/07/87
of Tanker in South Carolina

87-26 Worker Dies After Lifting Access Cover on 03/10/87

Acid Reclaim Storage Tank in Virginia




Attaciment 1 (caotimned)

LIST OF FATAL ACCIDENT CIRCIMSTANCES

AND EPIIEMIOIOGY (FACE) REFORIS SUBMITTED TO OSHA DOCKET S-019

FACE REPORT # SUBJECT DATE

87-25 Worker Dies While Repairing a Vacum Evaporator 02/24/87
in Virginia

87-23 General Maintenance Person Asphyxiated Attempting 02/10/87
to Repair Water Leak

87-20 Two Warkers Die in Digester Unit in New Mexico 01/26/87

87-17 Worker Dies While Cleaning Freon 113 Degreasing 12/11/86
Tank in Virginia

87-06 Two Dead, Five Injured in Confined Space Incident 11/18/86
in Oregon

87-05 Owner/Foreman of Construction Campany Dies in 11/25/86
15 Foot-Deep Manhole in California

86-54 Insufficient Oxygen Level in Sewer Claims the 09/29/86
Life of Plumbing Contractor in Georgia

86-48 28 Year-Old Dies in Rescue Attempt in Drainage Pit | 09/19/86

' in Illinois

86=38 Three Dead, One Critical in Industrial Septic Tank | 08/04/86
in Gecrgia

86-37 Two Workers Die in Underground Valve Pit in 08/06/86
Oklahcma

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

86-23 Foundry Worker Dies in Indiana 05/13/86

86-19 Truck Driver Suffocates in Sawdust Bin in 03/06/86
Permsylvania

86~15 Steel Warker Dies in an Industrial Waste Pit in 03/18/86
Permsylvania

86-13 Warker Dies in Fermentation Tank in Mantana 03/17/86

85-49 Three Fire Fighters Killed Fighting Silo Fire In 09/27/85
chio

85-45 wWarker Killed in Cave-In at Chio Excavation Site 09/18/85

85-44 Two Sanitation Employees Die in Canfined Space in 08/30/85

i

==



Attacment 1 (contimed)

LIST OF FATAL ACCIDENT CIRCUMSTANCES

AND EPIIEMIOIOGY (FACE) REFORTS SUBMITTED TO GSHA DOCKET S—019

FACE RERCRT 3 SUBJECT DATE
85-40 City Water Worker Dies as a Result of Being Over- | 08/12/85
cane by Natural Gas Vapors While Reading a Water

Meter in a Confined Space in Chio

85-33 Construction Worker Dies as a Result of Applying 08/07/85
Coating Material in Confined Space in California

85-31 Three Sanitation Workers arnd One Policeman Die in 07/09/85
an Underground Sewage Pumping Station in Kentucky .

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

85-26 27 Year-0ld Dies Inside of 6 Million Galleon Storage| 06/14/85
Tank

85-23 Use of Sulfuric Acid in Septic Tank Leaves One Dead| 05/15/85
ard One Critical in Pemnsylvania

85-12 One Dead, One Injured in Elevator Fall at 03/20/85
Ccanstruction Site in Missouri

85-09 Worker Dies in 20,000 Gallen Gasoline Bulk Tank 03/19/85
While Wearing Closed Circuit SBCA in Vermont

85-05 Confined Space Incident Kills Two Workers - Campany| 02/06/85
Employee and Rescuing Fireman

85-02 .Two Rescuers Die in Fracturing Tank in West 12/14/84
Virginia Gas Field

84-013 Two Confined Space Fatalities During Construction 03/08/84
of a Sewer Line

84=-011 Fire at a Wastewater Treatment Plant 12/29/83




ONFINED SFACE INJURY AND FATALITY STATISTICS

Nonfatal Imjury

A major shortcaming of the data sources used by NIGSH/DSR is the lack
of any single code, or series of codes, to dencte if an injury or
fatality occarred in a confined space., While NIOSH has developed
criteria and definitions for confined spaces, they have not been
extended to develop stardard data classifications for making confined
spaces.a codable hazard, A further camplication is that many injuries
that are typical mcxnfi:aispamsocmrinoﬂnrwrka:easasmll
For example, a fatallty occnmng in a service station garage because
of carbon monoxide poxsm.mg would be very difficult to separate from a
similar death ocowrring in a sewage service manhocle passageway.

With these factars in mind, the Bureau of Labor Statistics (BLS)
Supplementary Data System (SDS) was examined to identify campensation
claims that were potential confined space incidents. The data are for
the year 1986. This was dane by selecting SDS "Type of Accident" codes

that exhibited cutcomes that would be expected due to hazards created -
by confined spaces. ‘Bmeaccidenttypsareerﬁlrormntalheat
contact with radiation or toxic materials, and explosions. Contact
with radiation or toxic materials incluis cantact by inhalation,
cantact by absorption, and contact by means not elsewhere classified
(NEC). These specific accident types accounted for 33,836 claims in
the 1986 SDS. The frequency breakdowns by industrial division, nature
of injury, body part injured, source of injury, and occupation for each
accident type are presented in Tables 1 through 5.

In reviewing these data, it must be remembered that the frequencies are
not national values but rather claims filed in 1986 frum only 27
States. Furthermore, because the States have different campensation
laws, camparisons between States are not possible. Finally, because no
information is available to determine whether a canfined space was
actually invelved in the incident, these data only indicate that
mﬂiﬂﬂmﬂmmmm

Fatal Imjury

As with the BLS SIS data, determining the exact mmber of fatalities
resulting from hazards in confined spaces is difficult. Fatalities
were assessed by using the NIGSH/DSR National Traumatic Occupational
Fatalities (NTOF) data base. The process was similar to that used for
the nonfatal cases pulled from the SDS. First, the type of deaths that
would be expected t¢ occaur in confined spaces was selected from the



NIOF files using the L j ifi i Jlsease
Revision, External Cause of Death Oads (E-codiﬁ) Approximately 90
percent of the NTOF records have E-codes.

To identify potential confined space-related fatalities, each NTOF
record with a selected E-code was hand searched to determine whether
the fatality was a confined space-related death. The subset of E~codes
examined was accidental poiscnings by cother solid and liquid
substances, gases ard vapors (E861, E862, EB66, and EB69), excessive
heat (ESOO), accidental drowning and submersion (E910), accidental
mechanical suffocation (E913), accidents caused by explosive materials
(E923), and accidents caused by hot substances or abjects, caustic or
corrosive materials, and steam (E924). It is not known if other
E—codes should have been included in this subset to identify other
types of confined space fatalities.

Between 1980 and 1985, a total of 2,640 fatalities were foud in the
NTOF files that were coded with ane of the specified E-codes,
representing approximately 7 percent of the death certificates in the
NTOF data base that included E-codes. Upan examining the injury
description fields of these records, 763 fatalities were determined to
very likely be confined space deaths. Many of the remaining records
were not specific enocugh to determine whether the death occorred in a
confined space. Still, these 763 cases represent approximately 2
percent of the E~coded deaths in the NTOF system.

As with the SDS data, caution shauld be used in evaluating these
counts. First, they should be considered minimm values for the rumber.
of confined space deaths that occurred in the United States between
1980 and 1985. Furthermore, when reading the injury description
fields, care was taken noct to include a case, regardless of how
suspicious it appeared, unless evidence existed that a confined space
was involved. Those cases which involved poisonous fumes were only
selected if evidence showed the worker was in a confined space such as
a bin, vat, or cother structimre. It is likely that same of these
polsomngmarecmﬁnedspaoemm but were not clearly
stated as such.

Finally, because only a subset of the cases in the NIOF were searched,
it is possible that other E-codes not screened here do have confined

space fatalities asscciated with them. Again, this brings to light the
problems in determining confined space deaths because a confined space
incident imvolves not only how the worker died, but alsc where he died.
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