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ABSTRACT

KITCHEN STOVES AND CARBON MONOXIDE EMMISSIONS
by
Frank A. Colonna
Master of Science in Health Science

The purpose of this study was to test the hypothesis that
when kitchen stoves are used as heating devices, generation of carbon
monoxide will not exceed safety levels of 50 parts per million.
Sampling was conducted at nine different locations during
February and March of 1975.

The sampling device was the Solid State

Electrolytic Cell Gas Sensor available from International Sensor
Technology, Inc.
Difficulty was encountered with the Solid State Gas Detector
with the zero drift; however, this was rectified by keeping the unit
on at all times while the tests were being conducted.
Results were obtained by sampling kitchen stoves in apartments
and single family dwellings.

Sample readings did not exceed American

Conference of Governmental Industrial Hygienists (ACGIH) safety limits
of 50 ppm; however, further equilibrium tests should be conducted
under modified conditions.
It is recommended.that a further, more in depth study be made
with perhaps a supplemental source of monetary assistance.
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CHAPTER I

INTRODUCTION
The abuses of heating appliances in the household has led to
accidental carbon monoxide (CO) poisoning.

Much discussion and re-

search have been conducted in the field of toxic substances by those
allied with public health, health science, and industrial hygiene.
Unfortunately, where the layman is concerned, little is known to him
concerning hazards encountered perhaps everyday.
Natural gas has been used for many years as a fuel source,
however, it has become a hazard to the individual or family occupying
a dwelling unit.

The hazard is posed when inadequate or no heat is

available in the living unit and the kitchen stove is used as a supplementary or sole source of heat.

This unvented gas appliance is

then transformed from its originally intended use to one of the most
dangerous items in the household.
The American Conference of Governmental Industrial Hygienists
(ACGIH) has established a safety level of CO.

The level has been set

at fifty parts per million (ppm) of the gas that can be found in the
ambient environment and inhaled for a maximum period of eight hours
without posing any threat to human life.

Translated into percentages,

fifty parts per million is equivalent to 0.005% of concentration of
CO in the air.

Exposure of from 700 ppm for three hours to 240 ppm

for seven hours can be lethal to human life.
There is much to be learned in the field of public health, and
it is the intent of this report to further advance information con-
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cerning the hazards of carbon monoxide.
STATEMENT OF THE PROBLEM
The purpose of this study is to determine that when kitchen
stoves are used as heating devices, generation of carbon monoxide will
not exceed safety levels of 50 parts per million.
LIMITATIONS OF THE STUDY
The following limitations of the study are noted:
1.

The selection of apartment houses and single family dwell-

ings was based on the voluntary cooperation and willingness of individual occupants arbitrarily selected.
2.

Sample readings were taken in household kitchens only.

There was no prior adjustment cleaning of oven or burners.
3.

Atmospheric pressure and room temperature were not

measured.
4.

Kitchen stoves were only tested with the oven door closed.

In order to obtain a more complete sample, testing should be done with
doors closed, and opened, and over a longer duration of time.
DEFINITION OF TERMS
The following definition of terms for this study are noted.
1.

Gas - A substance that exists wholly as a gas in
its best known free state at ordinary temperatures
and pressures.

2.

Mole - the quantity of a chemical substance having a

2

weight in grams numerically equal to its molecular
weight:

one mole of a substance contains 6.02257 x

10 23 molecules.
3.

Molality - the weight concentration of a substance.
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CHAPTER 2
CARBON MONOXIDE, PRODUCTION, EFFECTS
AND LITERATURE REVIEW
PRODUCTION ·
Chemically natural gas consists of a mixture of methane,
ethane, and slight traces of propane, butane, pentane, and hexane.
Its major component is methane.

It is a hydrocarbon, and belongs to

a class of petroleum labeled the paraffin series.
Natural gas is an odorless, colorless compound which is mixed
with an odorant as a safety measure to allow consumers to detect leaks
in the gas supply provided to them for home or industrial use.
As a heating fuel, natural gas has provided the consumer with
a relatively low cost and seemingly adequate supply of combustable
material.

When properly used, the products of complete combustion of

natural gas are water vapor, and carbon dioxide.

~fuen

incomplete com-

bustion occurs, aldehydes and carbon monoxide are produced.
Conventional sources of heat for the home are usually in the
form of vented heaters or electrical appliances.

Unvented gas burning

appliances are a great hazard because incomplete combustion often
occurs.
Acceptable standards of heater installation throughout the
United States provide that when natural gas is consumed as the source
of heat, adequate or· approved venting or exhausting of the products of
combustion to the atmosphere will be provided.
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Ordinarily, natural

draft vents are employed whereby" ... hot, expanded products of combustion are forced up by the colder, heavier air around the appliance."
(19)

In the absence of proper venting to the atmosphere of the gas-

eous products of combustion, these compounds will then exhaust into
the ambient environment within the room or rooms surrounding the appliance that is burning the natural gas.

If adequate ventilation is

not available, such as an open window or door to the outside, oxygen
in the air will be consumed, and a build-up of noxious vapors will
ensue.

If, as has been pointed out previously, incomplete combustion

is taking place, then quantities of carbon monoxide will be produced.
As CO is disbursed into the room, the concentration of this gas will
increase depending on certain variables such as room size, number of
rooms open to and surrounding the area (total volume) and the rate of
CO production attributed to the quantity of gas burned at the point
of origin.

Burruss has stated that theoretically, if a room is com-

pletely enclosed, and a pilot light from a gas burner is burning incompletely, then toxic levels of CO will be readily produced until
such time as all available oxygen in the atmosphere is consumed (23).
In effect, adequate venting will provide for the exhausting of
all gaseous products of combustion, whether they result from complete
or incomplete gas combustion.

EFFECTS
Lengthy research studies have been conducted into the effects
of CO on the human physiology.
termed an asphyxiant gas (9).

Carbon monoxide is what is medically
Asphyxiant gases are those which pre-

vent the tissue from obtaining oxygen (8).
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Breathing however is not

interfered with.

Maxcy has further stated that the essential effect

of exposure to carbon monoxide is anoxia.

Carbon monoxide acts only

by depriving body cells of necessary oxygen (8).
Among the best known and understood mechanisms of poisoning is
that of a direct chemical combination of a toxic substance and a body
constituent, as illustrated by carbon monoxide poisoning.

In this in-

stance, the gas combines rapidly and rather firmly with hemoglobin
forming a new compound, carboxy hemoglobin, that cannot perform the
usual function of hemoglobin, which is the transport of oxygen to the
tissues (5).

The affinity of hemoglobin for carbon monoxide is be-

tween 200 and 300 times greater than for oxygen.

Hence, when CO is pre-

sent in the air, the hemoglobin combines with the CO and is less available for the transportation of oxygen.

Furthermore, CO forms a more

stable compound with hemoglobin than does oxygen and dissociates much
more slowly than does hemoglobin.

In the tissues where the oxygen ten-

sion is low, the presence of CO hemoglobin in the blood tends to prevent the dissociation of the oxyhemoglobin which may be present in the
blood (8).
The well known affinity to occupy the receptor sites of the
hemoglobin normally occupied by oxygen was equated by Haldane (6) in
his early studies to describe the relative affinities of
COHb

o2Hb

M

o2

and CO.

Haldane Equation

PCO and P 02 are partial gas pressures in the blood, M is a dimensionless empirical coefficient and o2Hb and COHb are oxyhemoglo'·>in and
carboxyhemoglobin.

M is a function of temperature, but not of pH or

atmospheric pressure (11).

Values generally acceptable forM are
6

210 to 218 (11).
The above equation illustrates that a small partial pressure
of CO relative to the partial pressure cif o2 will negate a significant
portion of the oxygen carrying capacity of the blood.
To prevent CO diffusion and storage in peripheral tissues,
hemoglobin readily enters into equilibrium reaction, forming COHb (4).
A concentration of 400 to 500 ppm in the air can be inhaled
for one hour without appreciable effect.

An hour's exposure to 600

to 700 ppm of CO will cause barely appreciable effects, and a similar
exposure to 1,000 to 2,000 ppm is dangerous; concentrations of 4,000
ppm and over are fatal in less than an hour.

With concentrations up

to 10% of CO hemoglobin in the blood, there rarely are any symptoms.
Concentrations of 20 to 30% cause shortness of breath during or following moderate exertion and light headaches.

Concentrations from 30

to 50% of CO cause severe headache, mental confusion and dizziness,
impairment of vision and hearing and collapse and fainting on exertion.

With concentrations of 50 to 60% unconsciousness results,

death may follow if exposure is long.

~nd

Concentrations of 80% CO re-

sult in almost immediate death (12).
Carbon monoxide absorption by the lungs tends to reach an
equilibrum state as long as the concentration in the ambient air continues to either remain constant or increases, depending on the source
of CO production.

As a result, clinical symptoms of carbon monoxide

poisoning are related to two primary functions:
tion.

time and concentra-

As the blood hemoglobin becomes saturated with CO, clinical

symptoms increase.

Figure 1 illustrates the above.
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FIGURE 1
EFFECTS OF DIFFERENT CONCENIU• •
TIONS OF CARBON MONOXIDE AS A
FUNCTION OF TIME
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It is usually accepted that concentrations of 50 parts of
carbon monoxide per million parts of air can be tolerated for eight
hours per day without symptoms and that 400 ppm of carbon monoxide can
be endured without injurious effects for one hour(8).
As the concentrations of CO increase, and the length of exposure rises, blood saturation also increases.

If continued exposure

causes 60 to 80 percent saturation, usual symptoms preceding death
occur.
The replacement of oxygen with carbon monoxide on the hemoglobin molecule effectively begins the saturation process.

When 60 to

80 percent of the blood becomes saturated with carbon monoxide, death
will ensue.

9
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CHAPTER 3
THE SURVEY
GENERAL

The purpose of this study is to determine that when kitchen
stoves are used as heating devices, generation of carbon monoxide will
not exceed safety levels of 50 parts per million.
When a cooking stove is turned on, it immediately begins consuming the oxygen in the ambient environment.

Carbon monoxide is gen-

erated if incomplete combustion is allowed to take place.

Theoreti-

cally, the products of complete combustion of natural gas (primary
constituent is methane) are carbon dioxide and water, in addition to
aldehyde by-products.
1.

CH4

combustion

COz

t

+ HzO Complete Combustion

2.

CH4

combustion

co

t

+ H2o Incomplete Combusion

t=

~

Gas

However, if the oven does not have a balanced mixture of air
and natural gas or if the configuration of the flame is interrupted by
a metal surface, complete combustion will not take place.

Carbon

monoxide instead of carbon dioxide will be produced.
The hypothesis to be tested in this study was:

When kitchen

stoves are used as heating devices, generation of carbon monoxide will
not exceed safety levels of 50 parts per million.

These srfety levels

were established by the American Conference of Governmental Industrial
Hygienists.

10
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INSTRUMENTATION
The instrument used in this survey was a Solid State Electrolytic Cell Gas Sensor made available from International Sensor
Technology, Inc.

The unit is a portable, hand-held, gas detector,

that provides a direct reading for carbon monoxide gas on a scale of
0 to 300 parts per million (ppm).
The instrument had features which lent itself to field testing
and data collection under the conditions in this report.

They were

as follows:
1.

A greater, more error free range of measuring gas
concentration.

The direct reading of 0 to 300 ppm

virtually eliminated interpretation or further calculation or correction which is common to other
comparable devices.
2.

The capability of detecting very low concentrations
of toxic gases, such as 0-50 ppm of carbon monoxide.

3.

A greater sensitivity to a specific gas and less
sensitivity to one or more other mixed gases in
the area to be tested.

4.

Current calibration, done by the manufacturer four
days prior to conducting the sampling.

5.

The

in~trument

cost was negligible, compared to

the purchasing of colormetric tubes for a grab
sampler.
The solid.state material in the electrolytic cell gas sensor
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operates as a conductor with two embedded electrodes.

If the presence

of CO is detected the solid state material conducts a current which
when integrated and internally interpreted by the sensor unit is translated into parts per million on the detector scale (16).
INSTRUMENT EVALUATION
The solid state electrolytic cell gas sensor manufactured by
International Sensor Technology, Inc. and available through Bullard
Environmental Instrument Division was precalibrated by the manufacturer
prior to use in this study.

The National Institute for Occupational

Safety and Health (NIOSH) (16) Technical Information Manual stated in
its evaluation of this instrument that it is a metal oxide structure
with a surface conduction property sensitive to the presence of CO.
It further states that the meter responded to a 227 ppm gas span to
read 227 ppm within the resolution of the meter scale.

Subsequent

exposure to a 227 ppm gas span yielded response of 250 ppm, 230 ppm,
and 200 ppm.

Combining these with two responses of 227 yields an

average of 227 ppm with a standard deviation of 18 ppm.
The following chart illustrates response at high and low limits.
Calibration Gas
(ppm)

Average
Meter Response

Number of
Observations

Max.
Deviation

Standard
Deviation

227

5

-27

18

24.9

48

1

+23

10.1

18

1

+ 8

227
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The lack of meter linearity is responsible for the error at the
lower limits of the scale.
NIOSH stated that the accuracy of the manufacturer's calibration
was excellent at 227 ppm, but less accurate at lower concentrations.
A conditioning time of at least 48 hours of being continuously
on is required prior to using this unit.
The NIOSH technical manual further stated that there was minimal
detectable change in meter response at low and high concentrations of
sample gas as indicated by the following:
Concentration
(ppm)

Concentration
Change (ppm)

Meter
Change

15

17

2

2

275

305

30

20

275

288

13

Slight

294

305

11

Slight

It can be concluded from the above that minimum detectable change
is limited by the precision with which the meter scale can be read and
is approximately 10% of the reading.

METHODOLOGY AND DATA COLLECTION
Initially, an attempt was made to select households on a random
basis.

However, after several unsuccessful attempts were made to ob-

tain permission from residents and property owners of randomly selected dwellings to allow their dwelling to be tested, this was abandoned.
The majority of those objecting did so on the basis of the
ience involved and the high costs of natural gas.

13.

~nconven-

As a result, samples were taken from those households where
individuals were willing to participate.

Solicitation was done merely

by asking individuals known to own apartment houses or single family
dwellings.
After surveying the first ten (10) locations and obtaining CO
readings, certain modifications had to be made to the sampling technique.

Surveying began on February 25, 1975, and was concluded on

March 16, 1975.
Initially tests were run at various locations throughout the
City of Long Beach.

Data was collected according to the following

criteria .
. 1.

The amount of CO was measured in each dwelling
with the Solid State Gas Detector.

2.

The gas ranges had not been in use for the previous
twelve (12) hours.

3.

The windows in the kitchen were closed.

4.

The oven door was completely open.

5.

The oven temperature was adjusted to 400° F.

6.

The oven was left on for one half hour.

7.

The CO was measured at the end of one half hour.

8.

The readings were taken approximately 24 inches
from the oven and approximately 16 inches above
the range.

Table I lists the results obtained.
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TABLE I
MEASURED CARBON MONOXIDE UNDER
FIRST SET OF CONTROLS

Sample
No.

Approximate
Age of
Stove

Reading

Date

1

3 Years

4

2/25/7 5

2

25 Years

15

2/25/75

3

20 Years

8

2/25/75

4

25 Years

8

2/25/7 5

5

20 Years

5

2/25/75

6

4 Years

10

2/25/75

7

3 Years

10

2/26/75

8

25 Years

8

2/26/7 5

9

25 Years

18

2/26/75

10

25 Years

9

2/26/75

co

15

All locations tested showed that CO was being produced by gas
ovens tested.
The results were then scrutinized for what value they would
have in determing when excessive leyels of

co

(greater than 50 ppm)

would be obtained, if the oven was left on indefinitely.
This

q~estion

was posed to Mr. John Burruss, Senior Engineer,

City of Long Beach, Department of Gas and Water.
After considerable discussion and mathematical evaluation, it
was concluded that the sampling technique would have to be modified.
Not only would CO readings have to be obtained, but these tests results
would then have to be integrated into a mathematical equation (Appendix
A) that would show when and if a hazardous accumulation of CO was
achieved, given that certain experimental variables were cited and
accepted as part of the sampling technique.
The sampling technique was revised to consist of the following:
1.

The amount of CO was measured in each location with
the Solid State Gas Detector.

2.

The gas range had not been

in use for the previous

two (2) hours.
3.

Locations were obtained where the kitchen could be
isolated by closing all kitchen windows and doors.

4.

The oven door was completely open.

5.

The ambient air was tested prior to turning the
oven on.

6.

The oven was turned on to a temperature of 400° F
and samples were taken within 24 inches of the

16

open oven door at intervals of 15 minutes,
one-half hour, and one hour.
Tnble II lists the results obtained.
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TABLE II

MEASURED CARBON MONOXIDE UNDER
SECOND SET OF CONTROLS

Carbon Monoxide Readings After
No. of Minutes Specified (ppm)

Sample
No.

Approximate
Age Of
Stove

0

15 Min.

30 Min.

60 Min.

Date

1

3 Years

2

38

30

30

3/1/75

2

1 Year

0

4

5

5

3/2/7 5

3

10 Years

0

4

5

9

3/8/75

4

1 Year

0

10

5

4

3/8/75

5

5 Years

0

7

7

15

3/10/75

6

15 Years

0

0

0

0

3/11/7 5

7

30 Years

0

16

40

40

3/11/75

8

15 Years

0

4

4

4

3/11/75

9

20 Years

0

2

2

4

3/12/75

18

The results obtained from Table I and Table II indicate that
the age of the stove may or may not play an integral role in CO production.

All stoves from both study groups were well maintained.

However, a conclusion (perhaps subject to scrutiny) obtained from the
above sampling indicates that the air-gas mixture is of primary concern to CO production and not stove age.

19
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CHAPTER 4
ANALYSIS
Upon initial evaluation, it can be surmised that hazardous
levels of CO according to ACGIH standards had not been reached after
one hour of testing.
Burruss (23) has stated that an overall approach in developing
data for analysis is to first obtain a general analytical expression
for carbon monoxide concentration as a function of time and then to
adopt this general analytical expression to suit the test data.
The first step in development of this expression was the
development of an antecedent mathematical model.

The principle of

continuity applied to the CO study states that the resulting quantity
of carbon monoxide gas at any instant of time within a control volume
is the result of the difference between the rate of infiltration of CO
into the control volume (one of the kitchens) per unit of time and
the rate of escape of the gas from the control volume within the same
period of time.

Additionally two assumptions are presented as neces-

sary prerequisites for the completion of the mathematical model.
These are:
1.

Rapid, perfect mixing of air and CO occurs after the
CO is first introduced into the control volume.

This

mixing process results in a uniform distribution of
CO molecules in the room.
2.

The phenomenon of exit gas molality is retested.
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This is a very accurate approximation, since
the concentrations of carbon monoxide of concern
in this analysis are of the order of a few hundred
parts of CO gas per million parts of air.
Burruss (23) derived the following:
dx
dt

=

x

the total quantity of CO in the control volume at

q

r
v

X

where

any instant of time in convenient mass or weight
units
t = the time parameter in convenient units.
q

=

the rate at which CO is introduced into the room
or control volume.

r

=

the volumetric rate of air infiltration to the
room in convenient units.

By the principle of

continuity, the rate at which air escapes from
the control volume must be the same as the
rate of infiltration.

If this were not true,

atmospheric pressure would increase.
v

= room volume.

The above differential equation was utilized and details relating to
its subsequent solution were painstakly calculated and computed by

..

Burruss (23) and are attached as Appendix A.

The equations obtained

represent the results of numerical analysis in each case for each of
the sample numbers and were integrated in order to obtain a general
equation unique to the environmental conditions under which the results were obtained.
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Essentially Burruss' calculations support an assumption of this
report, that is, that equilibrium had been achieved after one hour of
testing in all samples except Sample No. 6 (to be discussed later).
The results indicate that the principle of air continuity
forms the basis for the analysis of CO concentration build-up in an
enclosed region where air infiltration poses a significant factor.

As

previously stated, "closed" rooms still have significant air infiltrations.

When equilibrium is discussed, it is meant to specify that the

amount of air leaving the room equals the amount of air entering.
Stochiometric combustion, whereby the results of complete combustion
of natural gas is

co 2

and H2o, cannot be accepted as the reason for

obtaining 0 ppm in Sample No. 6, Table II.

As Burruss (23) has

stated, stochiometric combustion cannot be attained in the "garden"
variety of combustion devices such as gas stoves, gas heaters, etc.
Carbon monoxide will invariably be produced by the types of gas stoves
generally available and under common experimental procedure, such as
the environments tested for this report.

The CO invariably produced

will diffuse into and out of the room resulting in molecular diffusion
until such time that a buildup of CO concentration is achieved

a~d

maintained.

Presumably this occurs after 60 minutes (see results of

Table II).

The results indicate that the concentration of CO will not

increase with time, but rather reach an equilibrium state.

Burruss

(23) stated that the resulting equilibrium concentration of CO is a
function of the rate of production of the gas in comparison with the
rate of infiltration of air into and out of the closed region in
question.

If the infiltration rate is very high in comparison with

22

the rate of production of CO, the equilibrium concentration will remain at a very low level.

On the other hand, if the rate of CO pro-

duction.in relatively high in comparison with the rate of infiltration
of air into and out of the room, the resulting CO concentration will
probably end up being very high.
Appendix B gives a detailed explanation of the analytical calculations and conclusions for each of the samples identified in Table
II.

Chart 1 summarizes the calculation results of all of the
samples by number and reflects the analysis of Burruss.
The zero results of Sample No. 6 should receive additional
discussion.

Measured values were obtained for all other sample

numbers with the exception of No. 6.
possible explanations.

Burruss (23) has proposed two

First, it is possible that the stove of Sample

No. 6 was capable of rendering stochiometric combustion, although this
is a highly unlikely possibility when associated with ordinary combustion devices.

Seemingly it is possible that the whole set of CO

concentration readings could be attributable to.a lack of sensitivity
of the CO meter at low concentrations of CO.

The insensitivity of the

meter at the lower readings perhaps of + or - 2 ppm may result in the
zero readings obtained.

Figure 2 is constructed to show concentra-

tions of CO on a graphic scale.

Sample No. 6 was not included because

of the zero readings obtained.
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CHART 1
(

SUMMARY OF CURVE FITTING INVESTIGATION STUDIES
Equation which was
Fitted to the Best
Data - CO ppm

Sample No.
1
2
tv

~

X
X

= 30(1
=

5(1

Maximum Possible
Equilibrium Concentration of CO, PPM

Room Air Infiltration Rate ft3/min.

Carbon Monoxide Input
Rate lbs/min. x 106

244

556

30

)

429

163

5

)

370

113

4

148

106

9.41

149

185

16.33

-06108t
- e

=e

)

- .10729t
-09242t

3
4
5
6
7
8
9

X=

4(1 - e

-.03692t
)
X = 9.41(1 - e
-.0373lt
)
X = 16.3(1 - e

No-representative curve for the data for this sample point since all of the readings were
zero.
(.05317t)
)
648
40
212
X = 40(1 - e
-.14648t
177
4
)
584
X = 4(1 - e
-.04620t
56
4
)
185
X= 4(i - e
X

= concentration

of carbon monoxide in parts per million parts of air.

;

.

.

:

-11

1,

f---
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The results of this study indicated no hazardous levels of
carbon monoxide were achieved after one hour of consecutive testing
using the solid state gas detector.

Samples No. 1 and 7 approached

levels that might have become significant over longer periods of testing.

However, it was presumed from this survey that equilibrium had

been achieved after one hour.
Obviously an unvented gas consuming appliance poses a risk any
time it is not used for its original intended use.

This study was con-

cerned with gas stoves being used for heating a room.
It is the conclusion of this survey that additional research
and testing be accomplished under more rigid experimental conditions.
Longer periods of time should be evaluated whereby gas ovens are on
and consuming natural gas at various temperatures.

Suggested experi-

mental conditions should be as follows:
1.

Consecutiv~

testing of at least 8 hours should be

done in an enclosed environment.
2.

Carbon dioxide, water vapor, and atmospheric pressure
should be correspondingly monitored, thereby allowing
analysis of interference or by-products of combustion.

3.

Modified testing should be accomplished with the oven
door open, then closed.

4.

The sensing unit should be centralized in the room to
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be tested.

This may possibly avoid a surge in the

initial concentrations of CO produced.
The levels of carbon monoxide obtained after the first hour of
testing suggest that further equilibrium tests should be accomplished,
however, due to the limited resources available this could not be
done.

This survey was conceived of and presummed to be preliminary.
In view of the above, future investigations or study into this

subject matter may be constructed such that experimental readings be
taken from a random sample.

Monetary limitations as well as the lack

of personnel resources would not allow such to take place at this
time.
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Appendix A
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Appendix B
Data Reduction of the Sample Test Data
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