Lawrence Berkeley National Laboratory
Recent Work

Title
COMBUSTION-GENERATED INDOOR AIR POLLUTION. I. FIELD MEASUREMENTS 8/75 - 10/75

Permalink
https://escholarship.org/uc/item/5cq454n§g

Author
Hollowell, Craig D.

Publication Date
1976

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5cq454n8
https://escholarship.org
http://www.cdlib.org/

MV YA q U L0 48 o9

LBL-4416
¢l

r"»‘.""(wr.,

- F e {!’? D
’A."'J“"XI.'J‘)RY

FEB 24 19ys4

B, ooy P

LEUN,&,“ y AN
ECTION

DOCUNIENTS g

COMBUSTION-GENERATED

'%\‘Q(W% INDOOR AIR POLLUTION

I. FIELD MEASUREMENTS

—_— —
% 5}@ é 8/75 - 10/75

éj \% Energy and Environment Division
%\%\\ Lawrence Berkeley Laboratory

University of California

a N\

For Reference

Not to be taken from this room -

\_ | | J

oSlrv-1ga71



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



PV YU a4l s s 3

LBL-4416
UcC-11
TID-4500-R63

COMBUSTIONA-'GENERATED INDOOR AIR POLLUTION
I. FIELD MEASUREMENTS 8/75 - 10/75

Craig D, Hollowell, ‘Robert J. Budnitz,
George D, Case, and Gregory W, Traynor

January 1976

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG-48

91%%-Td1



"~ LBL-4416
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George D. Case, and Gregory W. Traynor

Energy and Environment Division
Lawrence Berkeley Laboratory
University of California
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ABSTRACT

The indoor air quality of six homes with gas and electric cooking
and gas heating appliances was characterized to determine the level of
gaseous and aerosol air pollutants from typical indoor combustion sources.
Field measurements of SOZ’ NO/NOZ, 03, and CO were'détermined on a
continuous basis. Total aerosol samples were collected on filter media
for laboratory analysis by X-ray fluorescence and ESCA techniques for
the dete;mination of aerosol elemental composition and ionic species
such as SOZ, NO%, and NHZ. Results of the study indicate that levels
of gaseous and respirable aerosol air pollutants in the indoor environ-
ment do frequently exceed those levels commonly found in the outdoor
urban air. Such findings may have a large impact on the future design
of epidemiological studies, on energy conservation strategies for build-
ingé, and on the need for more stringent control of air pollution from

indoor combustion sources.



INTRODUCTION

Air pollution research has focussed almost exclusively on
pollution in outdoor air and has virtually neglected the indoor
environment despite the fact that the major proportion of the popula-
tion spends far more time indoors than outdoors. Recent evidence
(Refs. 1-8), however, indicates that levels of pollutants in thé in-
door environment can frequently exceed those levels which commonly
occur in outdoor air. The importance of indoor airvpollution, only
now being recognized, will ultimately have a large impact on the
future design‘of epidemiological studies, on energy conservation
strategies for buildings, and on the need for more stringent con-

trol of air pollution from indoor sources.

A major problem in assessing adverse effects of air pollution
on human health is the insufficient information on the magnitude and

frequency of exposure to air pollution by the human'subjects'underf

study. The exposure data are deficient due to incomplete air pollUtion.

characterlzatlon of the various indoor and outdoor environments en—
countered by the human subJects and due to the d1ff1culty of develop-
~ing mathematical models that provide accurate estimates of human ;
exposure by con51der1ng wide variations in spatial and temporal human

act1v1ty

Energy conservation measures call for seaiing up buildings more
tightly and this may have a detrimental effect on indoor air quality.
If. indoor air is significantly polluted from indoor sources, then the
need for exchange with outside air is in conflict with those energy
conservation measures which would restrict this exchange. The alterna-
tive to sealed buildings may be an effective heat exchange system
where potential indoor air pollution could be mitigated by normal
infiltration. The relationship between energy conservation measures
for buildings and indoor air quality is not understood and needs to

~ be investigated.

‘The need for better air pollution characterization requires a

thorough understanding of indoor as well as outdoor air quality..



As mentioned, most people spend a majority of their time indoors, yet the
air pollution characterization of the indoor environment is not well under-
stood. Limited information suggests that the indoor environment has a
vastly different mix, concentration and temporal distribution of gaseous
and particulate air pollutants relative to the outdoor environment. It

is thus essential that air pollution characterization of the indoor en-
vironment be undertaken in order to assess correctly the human exposures

in epidemiological studies and the impact of energy conservation strategies
on indoor air quality. o

Most studies of indoor air pollution have been concerned with SOZ’ CO
and/or total suspended particulate matter, and have assumed that the indoor
levels arise from and are directly related to the outdoor levels (Refs. 1,2).
Surprisingly little work has been done with respect to other potentially
important indoor air pollution species, such as NO, NOZ’ nitrates, sulfates,
metals, organics, and the respirable fraction of the particulate matter.
Even more surprisingly, indoor generated air pollution has been neglected
in most indoor air pollution studies until quite recently.

A number of indoor sources may contribute appreciably to the total
indoor air pollution, notably those associated with combustion (i.e.,
cooking, heating, and smoking), with aerosol spray can usage, with
cleaning, and with food preparation. To date, there are a handful of doc-
umented studies which suggest that indoor sources may give rise to levels
of pollutants in indoor air which greatly exceed typical levels in the
outdoor environment. Among these instances are the airborne build-up of
carbon monoxide and suspended particulate matter from cigarette smoking
(Ref. 3), nitric oxide and nitrogen dioxide from gas stoves (Refs. 4, 5,

6, 7), formaldehyde from construction materials (Ref. 8), vinyl chloride’
(Ref. 9) and fluorocarbons (Refs. 10, 11) from the use of aerosol devices
containing these substances as propellants, and mercury from interior
wall paint and unidentified sources (Refs. 12, 13).

These examples suggest that there may be additional types and
sources of air pollutants, for example, those associated with combustion

sources such as cookiﬁg and heating appliances. Although elevated
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levels of NO and NO2 have been observed during gas stove operation,

the emissions from other combustion sources such as heating systems,
water heaters, and clothes dryers have not been thoroughly investi-
gated. Moré”important is the fact that many nitrogén compounds , partic-
ulate as well as gaseous, were not considered in the gas stove studies,
despite thé recent demonstration that NO, NOZ’ and NH3 can rapidly‘
undergo catalytic oxidation or reduction to other important air
pollution species such as nitrates,'nitric acid, ammonium, and organic
nitrogen compounds of the amino- and pyridino-type (Ref. 14).

- Because of recent recognition that indoor air quality deserves
much more attention than it has thus far received, and because a num-
ber of energy-conservation measures that could affect indoor air
quality might soon be implemenfed on a large scale, the Lawrence
Berkeley Laboratory has initiated an indoor air pollution research’
study. The broad goals of this project are to characterize indoor
air pollution§ to identify the important sources} abundance, and fate
of indoor air po11utants; to study the abatement of indoor pollution;
to characterize exposures of the occupants to the importaht air
pollutants; to study the health and welfare effects; and to assess
the impact of various energy-conservation strategies on indoor air
quality and human exposures to indoor air pollution.

Indoor air quality is a complex function of a number of variables
which include outdoor levels of air pollution, indoor generation of
polluténts, meteorology,_permeability of the buiiding, and type of
operation of ventilation and/or air conditioning system.  The initial
phase of this study focuses on the characterization of air pollutants
generated from indoor combustion sources. The work reported here is
the field program undertaken in the summer and fall of 1975 to char-
acterize gaseous and particulate air pollutants in six occupied
homes with varying gas and electric cooking and heating configurations.

Further work during this phase of the study will expand the field

characterization work to more indoor sites of varying composition
and will focus on laboratory controlled experiments to study the
-emissions and control techniques of air pollutants from typical

indoor . combustion appliances.
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EXPERIMENTAL PROGRAM

The principal objective of the field study described here was

to obtain quahtitative data on the relationship of indoor to out-
door air pollutant concentrations as a function of gas cooking

and heating appliance use. Six homes in Berkeley and Albany,
California were selected for this study. All homes were fitted

with gas heating systems, five with gas stoves, and one with an
electric stove. Field measurements reported here were made under
conditions simulating typical cooking and heating usage. Only the
home with the electric stove was characterized during a cool season
when the heating syétem is normally operated, and is therefore the
only home to be evaluated for the effect of gas heating systems on
indoor air pollutant levels. Future field work will characterize
additional homes to study the effect of heating systems in more
detail. The major air pollutants that have been identified with

gas combustion sources are carbon monoxide (C0), nitric oxide (NO),
nitrogen dioxide (NOz), and to a lesser degree, sulfur dioxide (SOZ)
and particulates. The program also included measurement of ozone (0)
which is not considered to be an indoor generated pollutant but which
may penétrate into the indoor environment and re@ct with the combus-
tion generated pollutants, building materials, or other indoor

sinks. Particulate samples were collected on 47 mm filters for
laboratory chemical analysis by X-ray fluorescence (XRF) (Refs. 15,16)
and electron spectroscopy for chemical analysis (ESCA) (Refs. 17,18,14)
techniques. The components of the measurement system are given in
Table 1. The instruments were located near the indoor and outdoor
sampling locations and measurements were taken sequentially at

both locations. The sample intake for the gas and electric stove
measurements‘was placed in the breathing zone approximately 1.5
‘meters above the floor near the front of the stove. Measurements

to study the effect of the heating system were made with the sample
intake in the bedroom approximately 1 meter above the floor. Gases
were sampléd through 4 to 8 meters of 6.4 mm I.D. TFE teflon

tubing at a rate of approximately 6 liters per minute (lpm)
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Table 1. Indoor Air Pollution Measurement System

Parameters Measured and Instrumentation

Parameter Measured

Principle of Measurement

. Manufacturer/Model

Gases

SO2

NO/NO,,/NO_
O

CO

Aerosols

Total aerosol filter samp-
ling equipment for labora-
tory chemical composition
analysis by XRF and ESCA
techniques

UV Fluorescence
Chemiluminescence
UV Absorption

Non—dispefsive
Infrared Absorption

Pump with 47 mm filter
holder '

Thermo Electroh 43
Thermo Electron 14D
Dasibi 1003-AAS
Beckman 7000 |

4 LBL Systems using Milli-

pore cellulose 1.2 um pore

filters for XRF samples and
Selas Flotronics silver
5.0 um pore filters for
ESCA samples
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and measuréd on a continuous basis. This is equivalent to a retention
time in the tubing of 2 to 4 seconds, which is sufficiently short to
minimize wall losses and reactivity of the gases. . Indoor and outdoor
particulate samples were collected on 47 mm filters at a flow rate

of approximately 70 lpm. The sampling periods ranged from 30 minutes
for aerosols collected on cellulose filter media for XRF analyéis to
2 hours for aerosols collected on silver filter media for ESCA

measurements.
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RESULTS AND DISCUSSION |

FigUfe 1 summarizes the average indoor/outdoor data for
gaseous air pollutant levels in the six homes under typical occu-
pancy conditions of cooking and heating. The results clearly in-
:vdiqate high levels of CO, NO, and N02 and elevated levels of SO2
from gas stoves, even during non-cooking periods when pilot lights
are probably the only major indoor source of these gases.- The
resultslaré consistent with other studies (Refs. 4,5,6,7) and report
for the'first time elevated indoor SO2 levels associated with gas
stoves. A small increase in 05 was observed during usage of the
electric stove, but no elevated levels of the other gases were seen.
Figure 1 also shows the high levels of NO and NO, observed in the
one home where the effect of a forced-air gas-fired furnace system
was studied. The other five homes were not tested for the effect
of gas heaters because the study was conducted in the warm summer
months when the heaters are normally off. This study represents
the first evaluation of the effects of heating systems on indoor
air pollution levels. Previous studies (Refs. 19-24) have examined
0il- and gas-fired residential and commercial héating éystems; how-
ever, measurements were made of the flue gases to evaluate the con-
tribution of heating systems to ambient outdoor air pollution and

did not examine their effect on indoor air quality.

More detailed analyses of gaseous pollutant emissions from gas
stoves were made in quasi-controlled experiments in some of the
homes. Table 2 summarizes the data on the effect of cooking utensil
construction material on gaseous emissions. Pans constructed of
various materials (stainless steel with stainless steel, copper, and
aluminum bottoms, iron, Pyrex, and Corning Ware Pyroceram) were used
over‘one top gas burner to heat water. .No appreciable differences

in gaseous emissions were observed among the six pans tested.

The results on the effect of burner conditions are given in

Table 3. Measurements were made about 60 cm above one top burner without

modification of the flame, but under conditions of (1) without the
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Figure 1. Gaseous indoor and outdoor air pollutant
levels observed at homes with varying
cooking and heating configurations.



Table 2. Effect of Cooking Utensil Construction Material on Gaseous Emissions*

(Observed Values *15%)

Stainless Steel

Backeround | Stainless ' Cast Corning
g oun Steel Copper * Aluminum Iron Ware
Outside Inside . Bottom ~ Bottom ‘Bottom Skillet Pyrex Pyroceram
co .
(mg/m?) <1 9 27 32 29 34 25 25
. NO , » , .
(ug/m?) <15 85 740 585 565 715 665 590
NO, -
" (ug/m?) 20 85 370 340 340 375 375 340
S0, :
(ug/m?) <15 40 80 90 90 90 90 90
* Measurements in home No. 2 approximately 60 cm above the stove with one top gas burner on.

-0‘[-
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Table 3. Effect of Gas Burner Conditions on Gaseous Emissions*

~ (Observed Levels *15%)

One Burner On

" Home One Burner - One Burner With Grate
Identification Kitchen - On On With and All Stain-
Number . Pollutant  Background No Grate Grate less Steel P'an
(mg?ga) 79 10 9 27
, (ué7g3) 8 1050 'vi110' 740
(ug?gé) 85 380 - 380> 370
(ug?géi 40 65 90 80
.(mgsga) 1 2 3 13
; (ug§33) 25 165 125 160
(uéygg) " 30 115 - 65 125
(ugig%) ' <15 28 <15 <15
(ng/m ) 3 4 3 3
. (ué73?) 55 1110 1230 680
(ﬁgyg%) 60 450 470 380
fug?g%) %15 - 40 35 25
(mgsg3) 4 8 9 8
: (Ug7g3) 75 1260 _ ‘ 990 640
(ugygé) 60 340 320 265
.(Ué?gé) 25 50 30 25

*Measurements in kitchen

approximately 60 cm above the stove
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grate, (2) with the grate, and (3) with the grate and stainless
steel pan with water. The most obvious result is the high
variabilityzof gaseous pollutant emissions among the four stoves

studied;_'CO emissions increased appreciably with two of the four stoves

studied when the pan was placed on the burner; the NO emissions were
reduced.by 50% from the same stoves when the pan was placed above:
the flame. This presumably indicates a:reductibn in oXygeh avail-
abil&ty and redistribution of flame energy with a resultant reduc-
tion in flame temperature. These conditions could give rise to
increased co productlon due to incomplete oxidation of CO to CO2
and reduced NO production in accordance with the high temperature

dependent Zeldovich mechanism:

N, + 0> NO + N o (1)

2

N+0,>NO+O S (2)

2
These results will be studied in more detail. The NO2 and
SO2 levels were not appreciably affected by the burner conditions.

One recent study reported on the control of NOX from gas
stoves (Ref. 25). The results of this study showed that only
modest reductions in emissions couid be achieved by modification
of flame aerodynamics; however, use of wire meshes to redistribute
energy w1th1n the flame made possible a large reductlon of NO

emissions.

: One of the homes was equipped with a Ventllatlon fan above
the stove and no exhaust duct from the oven to the outdoor air;
the other homes, however, were fitted with an oven exhaust duct,
but no fan. The effect of gas oven usage was studied in three
homes and the results are summarized in Table 4. It is obvious
that gas oven usage'under poor ventilation conditions can result
in elevated levels of CO, NO, NO,, and even SO,. ‘

The studies on gaseous pollutants cleariy indicate elevated
levels of CO, NO, and NO2 from gas combustion appliances. The
duration of these elevated levels may be under one hour for gas
stove usage; but may be continuous for gas-fired heating system
usage in cool seasons. The U.S. National Ambient Air Quality
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Table 4. Gaseous Air Pollutant Levels Observed in Homes With Gas Ovens*

(Observed Levels *15%)

Home
Identification . o
Number . 2 : 3 5

Ventilation " No Duct No Duct © Duct - Duct
Conditions Fan. Off Fan On ... No Fan No Fan
CO (mg/m®) 23 6 o 2 7
NO (ng/m®) . 2000 1000 500 150
NO, (ug/m3) 850 320 150 95

SO, (ug/m3) 110 65 <25 <15

* Measurements in center of kitchen, approximately 1.5 meters- above the
floor, with the gas oven at 550°F for approximately 20 minutes.
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Standards (Ref 26) for (0, NO, and NO are given in Table 5. Japan
has promulgated a short-term NO2 standard of 0.02 ppm (40 ug/m ) for
24 hours "(Ref. 27) and it has been recommended ‘that the EPA promulgate
a one -hour NO2 standard in the range of 0.1 to 0.35 ppm (200 to 700
ug/m ) (Ref. 28). The levels of NO2 observed.ln the six homes all
greatly exceed the Japanese 24-hour standard-and exceed the proposed
one- hoar U.S. standard. Certainly the high NOZ levels observed in
‘this study deem  that more attention be dlrected to the potent1a1
health 1mpact of indoor combustion sources.

Ambient standards for NO have not been pfomulgated; however, a
concurrent LBL study (Ref. 29) on the biotransfdrmation of NO in
blood indicates that the elevated NO levels observed in this study
may have an impact on human health similar to, and in addition to,
that attributed to CO (Ref. 30). Observed carbon monoxide levels
exceeded the one-hour standard in a few cases and may be of concern.
| Particulate air samples were collected in the study homes and
" analyzed by X-ray fluorescence and ESCA technlques Figure 2 gives
the mean indoor and outdoor particulate concentrations for S, Pb, In,
Fe, and Ca from eight indoor/outdoor sample pairs collected during
cooking in five homes with gas stoves. The results indicate an in-
crease in indoor particulate sulfur during cooking while the indoor
particulate levels for other species are comparable to or lower than
the outdoor levels. No elevated sulfur levels, gaseous or particu-"
late, Were found in the home with the electric stove on.

Sulfur and lead aerosols are'typically‘found in Califdrnia urban
air in the particle size range of less than 2 um; iron and calcium
aerosols are typically greater than 2 um in size; and zinc is found
in all size‘ranges (Refs. 31, 32). The'results‘shawn in Figure 2 are
consistent with recent studies (Réfs 33, 34) which show partlculate
loading to be lower indoors than outdoors as a result of less pene-
tration of large particles from the outside air, but with higher
indoor levels of respirable particles (<3.5 um) due to indoor sources.

Figure 3 illustrates the elevated indoor particulate nitrogen
levels observed in the home where the effect of the gas furnace was
studied. The ESCA spectra illustrate the different nitrogen species
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: . . . . ®
Table 5.  National Primary Ambient Air Quality Standards

Pollutant Averaging Time o Concentration
Carbon Monoxide 1 hr. 40 mg/mg (35 ppm)
' 8 hr. 10 mg/m ( 9 ppm)
Nitrogen Dioxide Annual Arithmetic 3
» - Mean 100 pug/m~ (0.05 ppm)
Sulfur_Dioxide : 24 hr. 365 ug/m3 (0.14 . ppm)

Annual Arithmetic 3
Mean 80 ug/m~ (0.03 ppm).

National standards other than those based on annual arithmetic means
or annual geometric means are not to be exceeded more than once per
year.
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5 Homes
Gas stoves -(ON)
Gas heating (OFF)

S(os 5030 Pb Zn
[JKitchen N Outdoor
XBL7510-8559

Figure 2. Indoor and outdoor particulate air pollutant

.levels observed at five homes with gas stoves
during cooking. Levels indicated represent
average of eight indoor/outdoor sample pairs
collected on cellulose filters and analyzed by
X-ray fluorescence analysis.
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| |  XBL7510-8560
Nitrogen (1s) photoelectron (ESCA) spectra of indoor

Figure 3.

~ and outdoor particulate samples taken at home with

the gas furnace on. Individual peaks corresponding
to NO,, NH4, and N_ (organic nitrogen species) are
indicated. X | -
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(NO%, NH+, Nx [ organic nitrogen]) observed indoors and outdoors; the

peak areas are proportional to the relative atomic concentrations (as N)
+

_ 4
- the outdoor nitrogen is found as Nx' In previous outdoor studies

of these species. Most of the indoor nitrogen’is found as NH and-NX§
- (Ref. 14), Nx was found to be either the dominant or at least major
component of the total particulate nitrogen. The elevated levels of
reduced nitrogen species should be particularly noted, because some of
these (especially those labeled "Nx" in Figure 3, which are interpreted
as NHZ-type compounds) are species whose health implications deserve
further study.
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CONCLUSIONS AND FUTURE WORK

It is obvious from this study that elevated levels of gaseous
air pollutants and particulate sulfur and nitrogen compounds are
present in indoor environments with gas cooking ahd heating appli-
ances. High levels of CO, NO, and N02 approach‘or exceed promulgated
and proposed ambient air quality standards. Such findings may have
a large impact on the future design of epidemiological studies, on
energy conservation strategies for buildings, and on the heed f@r
more stringent control of air pollution from indoor combustion sources.

Future work at LBL will entail field and laboratory studies to
characterize the air pollution from indoor combustion sources, namely
gas/electric stoves, gas/oil heating systems, gas hot water heaters,
gas clothes dryers and other appropriate combustion sources in homes,
schools, and office buildings. The goals of this characterization study
will be to examine in detail thevsources, rates of emissions, and fates
of gaseous and aerosol air pollutants. Laboratory studies will identify
various parameters (e.g., flame temperature and geometry, venting
conditions, air infiltration rate, etc.), which affect rates of emissions

* from cooking and heating combustion appliances and air pollution levels
in the indoor environment. Field and laboratory measurements will be
made with the LBL Mobile Atmospheric Research Laboratory capable of
multi-point sampling, for such pollutants as SO,, NO/NOZ, co, 03,
aerosol size and aerosol chemistry. Measurements on field-collected
aerosol samples will be performed by laboratory-based X-ray J
fluorescence; ESCA, combustion, and wet-chemistry techniques.
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