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Atmospheric Hazards of Controlled Atmosphere Storage Rooms
Debra Chester, MSU Department of Medicine, Occupational and Environmental Medicine
Oxygen Deficiency

We all know the importance of Oxygen (O,) — it is the only gas that supports human life. Did you know
that a person’s body has no way to detect low levels or the absence of oxygen?

Normal atmospheres contain between 20.8% and 21% oxygen. An oxygen deficient atmosphere is an
atmosphere that contains less than 19.5% oxygen. The minimum requirement of 19.5% oxygen at sea
level provides an adequate amount of oxygen for most work assignments and includes a safety factor.

Table 1 shows an individual’s symptoms when exposed to varied levels of atmospheric oxygen.

TABLE 1. Signs and Symptoms of Oxygen-Deficient Exposure*

Oxygen Content of Air | Signs and Symptoms of Persons At Rest

21% Breathing, all functions normal

15%-19% Decreased ability to work strenuously. May impair coordination. Decreased
ability to perform tasks. May induce symptoms in persons with coronary,
pulmonary, or circulatory problems.

17% Night vision reduced. Increased breathing volume. Accelerated heartbeat.

16% Candle extinguished. Dizziness. Reaction time for novel tasks doubled.

15% Impaired attention. Impaired judgment. Impaired coordination. Intermittent
breathing. Rapid fatigue. Loss of muscle control.

12%-15% Respiration deeper. Increased pulse rate. Impaired perception. Muscular
coordination for finer skilled movement is somewhat disturbed.

10%-12% Further increase in rate and depth of respiration. Further increase in pulse
rate, performance failure. Giddiness. Poor judgment. Lips blue.

8%-10% Mental failure. Nausea. Vomiting. Fainting. Legs give way. Unconsciousness.
Ashen face. Blue lips.

6%-8% 8 minute exposure: may be fatal in 50-100% of exposures. 6 minute

exposure: may be fatal in 25-50% of exposures. 4-5 minute exposure:
Recovery with treatment.

4%-6% Coma in 40 seconds. Respiration ceases. Death

* Data obtained from: Safetygram-17: Dangers of Oxygen-Deficient Atmospheres, Air Products and Chemicals.
www.airproducts.com and CA Storage Safety, Agricultural Engineering Facts, Department of Agricultural

Engineering, New York State College of Agriculture and Live Sciences, written by J.A. Bartsch.

An oxygen deficient atmosphere is a hallmark of CA storage. The low level oxygen (1%-2%) atmosphere
inside an in-use, sealed CA room can and will kill a person who enters without the appropriate
respiratory protection. Remember that product respiration may also lower the oxygen content to a level
below 19.5% in the room if the internal panel door has been sealed and pose an increased risk to those
working within the space. Test the air for oxygen prior to entry!




http://www.airproducts.com/



Carbon Monoxide

Carbon monoxide is odorless and colorless and can quickly build up in a room if a propane-powered
forklift is used. Because CO is less dense than air, CO tends to stay where it is generated unless it is
removed via ventilation. Table 1 shows the Physiological Effects of Carbon Monoxide (in parts per
million (ppm) in air) at various concentrations.

Table 1. CO concentration In Air (in ppm) and Physiological effects

CO Symptoms

Concentration

in Air

PPM

35 MIOSHA TLV

50 OSHA Permissible Exposure Level

200 Possible mild frontal headache in 2-3 hours

400 Frontal headache and nausea after 1-2 hours, occipital headache
(back of head after 2-3 hours

800 Headache, dizziness and nausea in 45 minutes; Collapse and possible
death in 2 hours

1,600 Headache, dizziness and nausea in 20 minutes; Collapse and possible
death in 1 hour

3,200 Headache and dizziness in 5-10 minutes; Unconsciousness and danger
of death in 30 minutes

6,400 Headache and dizziness in 1-2 minutes; Unconsciousness and danger
of death in 10-15 minutes

12,800 Immediate effects: unconsciousness; Danger of death in 1-3 minutes

Propane fueled forklifts should not be used to load or unload fruit in CA fruit storage unless they are
equipped with effective catalytic converters on the engine. If electric forklifts cannot be utilized,
employers should ensure that a propane-powered forklift has regular and proper maintenance, a
properly sized and tuned carburetor, and a functional and properly tuned catalytic converter to reduce
CO emissions. The system should have an air to fuel (A/F) ratio of 15.2:1 to get the best fuel economy
and low CO emissions at approximately 0.5%. To ensure engines are properly tuned, an exhaust gas CO
analyzer designed for tailpipe exhaust sampling should be used when adjusting the fuel system.

NOTE: Catalytic converters require well maintained engines tuned to the right A/F ratio. Catalytic
converters may substantially reduce the risk of CO poisoning, but do not eliminate the risk, because
catalytic converters do not eliminate all CO in exhaust gas; reductions are usually in the range of 70% to
90%. Since neither good maintenance nor a catalytic converter eliminate all carbon monoxide, this
approach is not as effective as switching to an electric forklift.

The National Institute of Occupational Safety and Health (NIOSH) engineers modeled the time required
for a gasoline-powered, 5-horsepower, 4-cycle engine to reach the 200-ppm (ceiling) and 1,200-ppm





IDLH CO concentration for room sizes of 1,000 to 100,000 cubic feet and general ventilation rates of 1 to
20 air changes per hour (ACH). The results were summarized in the NIOSH Publication No. 96-118,
Preventing Carbon Monoxide Poisoning from Small Gasoline Powered Engines and Tools. Figure 1 shows
the CO modeling results for a 100,000 cubic foot room.
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Figure 1. CO Modeling Results for a
100,000 cubic foot room

The State of Washington found, from 1994 to 1999, approximately 41% of the state’s CO poisonings
specific to fruit packing and storage occurred in cold rooms or open CA rooms. The Environmental
Protection Agency adopted regulations that governed the emissions of new forklifts (those with large
spark-ignition engines rated at 19kW or more). Forklifts manufactured in 2007 meet a CO emission
standard of 4.4 g/kW-hr and if properly maintained, should generate much lower concentrations of CO
than previously manufactured forklifts.

Although CA rooms have limited ventilation, the ventilation should be operational when
loading/unloading the room to provide for further air movement in the room.

The best tool to use when loading and unloading product from a CA room is an electric forklift. Electric
forklifts do not emit carbon monoxide. Although electric forklifts cost more to buy, additional benefits
include a lower average annual operating cost compared to a propane-powered forklift, a longer
operating life, and, because CA rooms are designed to restrict air and other gas transfer with outside air,
electric forklifts minimize the risk of carbon monoxide (CO) poisoning for the forklift operator.

Employers should conduct air sampling to determine if the propane-powered forklift operator is
exposed to CO exceeding the permissible exposure levels mandated by MIOSHA Occupational Health
Standard Part 310, Air Contaminants. The standard requires that the airborne concentration of carbon
monoxide should not exceed 35 ppm for an average 8-hour day during a 40-hour work week or 200 ppm





during any part of the workday. To determine room concentrations of CO, stationary CO monitors may
be placed in the CA room (ideally integrated with the room’s environmental monitoring system). A CO
direct reading personal monitor, with prices ranging around $200, can be used to determine real-time
exposure.

Additional sources of CO are recirculating oxygen burners of the ARCAT or COB type and open flame
burners such as the Wilde or Anderson type. These devices can introduce levels as high as 3000 ppm
into the storage room. Space heaters have also been a source of illness and death in CA
buildings/rooms. Recognize that CO can permeate through walls and openings in the CA storage and
raise the adjoining working environment to levels that may be of concern to human safety.






Controlled Atmosphere Storage Rooms: Confined Spaces to Identify, Evaluate

and Control
Debra Chester, Department of Medicine, Occupational and Environmental Medicine

Controlled Atmosphere (CA) storage, as defined by State of Michigan in Act 228 of 1958 means “the
storage of fruits or vegetables in an approved sealed storage room or in an approved sealed storage
building, or in a sealed storage space within the room or building, under controlled conditions of time in
days, oxygen content, carbon dioxide content and temperature as established by this act or rules
adopted under this act. The term controlled atmosphere may be referred to by the initials “CA” or
similar terms or abbreviations.” A CA storage room meets the definition established by both the federal
Occupational Safety and Health Administration (OSHA) and the Michigan Occupational Safety and
Health Administration (MIOSHA) as a confined space. MIOSHA General Industry Safety Standard, Part
90, Confined Space defines a confined space as a space that:

e Is large enough and so configured that an employee can bodily enter and perform assigned
work; and

e Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins,
hoppers, vaults and pits are spaces that may have limited means of entry); and

e Is not designed for continuous employee occupancy.

A CA room when sealed by the internal panel door but does not have an atmosphere drawdown is
considered a confined space: it is large enough to enter and has a restricted access and egress — the
internal panel door access window limits access to/egress from the room. Depending upon the period of
time the internal panel door has been in place, and if no forced air exchanges have taken place, the
atmosphere inside the CA room may become oxygen deficient due to the stored product utilizing
atmospheric oxygen as it respires. Prior to entry into the room, test the air for oxygen levels to ensure
the room oxygen level has not dipped below 19.5%.

When a CA room is sealed and the oxygen level drawdown has occurred, the CA room becomes a
permit-required confined space. A permit-required confined space (permit space) is a confined space

that has one or more of the following characteristics:

1. Contains or has a potential to contain a hazardous atmosphere;
Contains a material that has the potential for engulfing an entrant;
Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly
converging walls or by a floor which slopes downward and tapers to a smaller cross-section; or
4. Contains any other recognized safety or health hazard.
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Figure 1 contains a flowchart to

determine a confined/permit-required confined space.

MIOSHA also defines entry as an action by which a person passes through an opening into a permit-
required confined space. Entry includes ensuing work activities in that space and is considered to have
occurred as soon as any part of the entrant’s body breaks the plane of an opening into the space. Note
this definition: this covers product sampling by retrieving the product with your hand through a sample
port in the door. Technically, this is considered an entry into a permit space. Although there could be an
outflow of low oxygen atmosphere from the room due to room over pressurization, the likelihood is
remote due to the room ventilation design (equalizing pressure between the CA room and the ambient
air pressure). You should check with the refrigeration/ventilation contractor to ensure that all
components are in proper working order prior to storing the product.

All individuals working with CA rooms should review the scope of work they perform. A written permit
confined space program is NOT required for those individuals who are performing work in the Standard
Industrial Code (SIC) agricultural classifications of 01 and 02. The Agricultural definition is limited to
practices performed by a farmer or on a farm incident to or in conjunction with farming operations
including preparation for market, delivery to storage or market, or to carriers for transportation to
market. If an individual is storing only their own product, then the exemption to developing a program
applies. If the individual is storing other growers’ product in addition to their own in the CA room and/or
building, then the exemption does not apply because storing other growers product is considered an
Agricultural Services activity, not an agricultural (SIC 01 and 02) work-related activity and the individual
is required to comply with all applicable MIOSHA health and safety regulations, including a permit-
required confined space program for any worker performing work activities in the building.

All facilities should develop a written procedure for repetitive entry into the permit space, and
employees trained as to its requirements. A sample procedure is shown in Figure 2. Note: it is
imperative that an Oxygen level reading is performed after opening the outside door to ensure leakage
has not occurred and directly after opening the sample port to ensure an outflow of oxygen-deficient air
is not occurring.





Recognize that if a person must enter a CA room under an oxygen drawdown condition, they are
entering a situation that, if not adequately protected, could kill them. A permit-required confined space
entry program should be developed in accordance with the provisions of MIOSHA Part 90 to protect the
worker and you as an employer. Make sure employees and coworkers understand the meaning of the
posted danger signs. Make doubly sure that employees and coworkers recognize the hazards posed by
sealed, in-use CA rooms so all individuals may go home to their families at the end of the day.





Figure 1. Confined Space Determination Flowchart

If you have an ..... ENCLOSED SPACE

Can it be bodily entered by an |
individual?
Yes No, then it is not a confined space

Does it have a limited or a

restricted means of entry and |

egress?
Yes No, then it is not a confined space

Is the space unsuitable (i.e. not

designed) for continuous |

human occupancy?
Yes No, then it is not a confined space

Thenitisa ......

CONFINED SPACE

Does it contain or have the

potential to contain a hazardous
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Yes No

Does it contain a material that

has the potential for engulfing
an entrant?

Yes No

Does it have an internal
configuration which could trap or

asphyxiate an entrant due to
inwardly converging walls or
downward sloping floor tapering
into a smaller cross-section? — Yes No

Does it contain any other

recognized serious safety or
health hazard?

Yes No, then it is not a Permit-Required confined
space

Thenitisa.....

PERMIT REQUIRED CONFINED SPACE






Figure 2. Example of Product Sampling Written Procedure for a Sealed, In-Use CA Room

Procedure For Product Sampling in Controlled Atmosphere Rooms

Entry Supervisor

Authorized Entrant

Date of Product Sample

NEVER ENTER A ROOM WITHOUT FIRST TESTING THE OXYGEN LEVELS

NEVER ENTER A ROOM WITH OXYGEN LEVELS BELOW 21%

Room #/Description 0, Level Time of Initials
Completion
1) Turn off nitrogen generator and CO, scrubber
2) Open outside door
3) Open sampling port
4) Test O, level outside port
5) Take sample
6) Close sampling port
7) Close storage door
8) Turn on nitrogen generator and CO, scrubber

9)

Time completed







Procedure For Product Sampling in Controlled Atmosphere Rooms

Entry Supervisor

Authorized Entrant

Date of Product Sample

NEVER ENTER A ROOM WITHOUT FIRST TESTING THE OXYGEN LEVELS

NEVER ENTER A ROOM WITH OXYGEN LEVELS BELOW 21%

Room #/Description O, Level Time of Initials
Completion
1) Turn off nitrogen generator and CO, scrubber
2) Open outside door
3) Open sampling port
4) Test O, level outside port
5) Take sample
6) Close sampling port
7) Close storage door
8) Turn on nitrogen generator and CO, scrubber

9) Time completed







RESOURCES

Fruits and Vegetables; Controlled Atmosphere Storage, Act 228 of 1959
http://www.legislature.mi.gov/documents/mcl/pdf/mcl-Act-228-0f-1959.pdf

MIOSHA Resources:
e  MIOSHA General Industry Safety Standard, Part 90, Confined Space Entry
http://www.michigan.gov/documents/CIS WSH part490 55724 7.pdf

e  MIOSHA Occupational Health Standard, Part 490, Permit-Required Confined Spaces
http://www.michigan.gov/documents/CIS WSH part490 55724 7.pdf

e  MIOSHA Occupational Health Standard, Part 430, 1910.1200, Hazard Communication
http://www.michigan.gov/documents/CIS WSH part 42 47164 7.pdf

e  MIOSHA Occupational Health Standard, Part 301, Air Contaminants
http://www.michigan.gov/documents/CIS WSH part301 35589 7.pdf

e Carbon Monoxide from Internal Combustion Engines
http://www.michigan.gov/documents/cis wsh cet5011 115680 7.doc

e MIOSHA Consultation, Education and Training Division Permit-Required Confined Space
Resource Material
http://www.michigan.gov/dleg/0,1607,7-154-11407 30453-94707--,00.html#prcs

Oxygen Deficiency Hazard Safety Book. Jefferson Lab. Revised July 2008.
http://www.jlab.org/accel/safetylb/ODH-book.pdf

SafetyGram #17, Dangers of Oxygen Deficient Atmospheres. Air Products and Chemicals Inc.
http://www.airproducts.com/nr/rdonlyres/35b1bc31-7c0e-455b-a723-
8255ff28ddba/0/safetygram17.pdf

Prevent Carbon Monoxide Poisoning from Forklifts. Washington State Department of Labor and
Industries, Safety and Health Assessment and Research for Prevention.
http://www.Ini.wa.gov/Safety/Research/Files/HazardousChem/PreventCarbonMonoxidePoisoningFrom

Forklifts.pdf

Michigan Fatality Assessment and Control Evaluation (MIFACE) http://www.oem.msu.edu

National Institutes of Occupational Safety and Health (NIOSH)
e Carbon Monoxide Health and Safety Topic: http://www.cdc.gov/niosh/topics/co-comp/

e Carbon Monoxide Hazard from Small Gasoline Powered Engines:
http://www.cdc.gov/niosh/topics/co/

e Preventing Carbon Monoxide Poisoning from Small Gasoline Powered Engines and Tools
http://www.cdc.gov/niosh/carbon2.html

Resource Page developed by Debra Chester, MSU Department of Medicine, Occupational and
Environmental Medicine Division. 7/28/2010
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