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Abstract: Levels of indoor nitrogen dioxide (NO2) in a home equipped with butane gas stove and 
heaters are reported between the months of February and July 2003.  Diffusion passive sampling was 
used for the simultaneous measurements of indoor and outdoor NO2 concentrations.  The overall 
average indoor NO2 concentrations were 15.6 and 22.3 �g m�3 for the living room and kitchen, 
respectively, while that for outdoors was 17.9 �g m�3.  In order to assess the input of indoor 
combustion to exchanged outdoor levels of NO2, the ratios of the living room and kitchen NO2 values 
to their corresponding outdoor levels were found to be higher in winter than in spring and summer.  An 
I/O ratio as high as 2.1 detected in winter was attributed to the excess use of butane gas heaters in both 
the kitchen and the living room.  Other sources and fates of indoor NO2 are also evaluated.  This study 
will have significant effects on estimating health risks related to the used of butane gas heaters in 
residential homes. 
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INTRODUCTION 
 
Indoor emission of NO2 from combustible appliances 
and heaters has been the focus of several studies due to 
its adverse health effects such as lung irritation, cough, 
respiratory illnesses and diarrhea [1-7].  Indoor levels 
of pollutants vary according to numerous factors 
including the use of different fuels for heating and 
cooking, outdoor concentrations, construction materials 
and meteorological conditions.  In homes equipped with 
gas stoves, NO2 levels measured by passive sampling 
techniques varied from 10 to 126 µg/m3 [2, 8-18].  
Values below 40 µg/m3 were mostly reported in Europe 
and the United States whereas upper levels, i.e. 
concentrations higher than 50 µg/m3, were measured in 
East Asia, e.g. Hong Kong [15], Japan [16] and Korea 
[8].  No data on NO2 indoor concentrations have been 
reported in the Middle East, up to our knowledge and 
studies conducted in East Asia, Europe and the United 
States cannot be extrapolated to Lebanon and the region 
for aspects such as housing characteristics, occupant 
behaviors and climate, differ.  This study reports for the 
first time the levels and the seasonal variation of indoor 
NO2 concentration in Lebanon.   
In this study, diffusion passive sampling is used to 
evaluate NO2 indoor air pollution in a home that 
employs butane gas stove and heaters, as well as the 
corresponding outdoor levels.  Seasonal variations, as 
well as the effect of room characteristics on the change 
in indoor NO2 levels are determined.  Evaluating the 
levels, sources and fates of indoor NO2 in Lebanon will 
have significant implications on assessing related health 
effects.   

MATERIALS AND METHODS 
 
Measurements of indoor and outdoor concentrations of 
NO2 have been carried out in an apartment of four 
occupants located on the second floor of an old building 
in the residential area of Broumana, Lebanon.  The site 
is located about 700 m above sea level and 17 km 
driving distance away from the Mediterranean coast.  It 
should be noted that smoking was nonexistent in the 
house during and outside sampling times.  The 
sampling location is a poorly maintained residence with 
high ceiling (3.5 m), allowing relatively significant 
infiltration rates due to some flawed insulations.  
Cooking activities were based on the use of a butane 
gas stove with no fume hood, while heating relied 
entirely on two butane gas heaters, one in the kitchen 
and the other in the living room.  Outdoor sampling 
took place on a balcony overlooking a street with light 
traffic pattern.  Data will be divided into two sets: 
measurements up to the end of March characterize the 
winter season, while those reported between April and 
July represent spring and summer.   
 
Diffusion Passive Samplers: Concentrations were 
determined by passive sampling technique which 
consisted of soaking glass fiber filters in 
triethanolamine (TEA) (10% TEA and 4% glycerol v/v 
in 10:33 v/v water:acetone) for the collection of 
gaseous NO2.  All filter samplers used in the study were 
Osmonics of 47 mm in diameter and 0.7 micron pore 
size.  The glass membrane filters were stored in dark 
petri dishes to eliminate transmission of light until the 
time of analysis.  Samples were individually soaked in 
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10 mL of deionized water and subsequently analyzed 
by the Griess reagent-colorimetric method.  The Griess 
reagent (2% sulfanilamide and 0.01% N-1-
naphthylethylenediamine dihydrochloride w/v in 
0.150:1 v/v, 37% HCl:water) was used for the 
determination of NO2

-: the absorbance of the obtained 
pink-purple azo complex (λmax=540 nm) was 
determined using Spectronic Genesys 2 UV-vis 
spectrophotometer.  The herein calculated sampling rate 
of 1.073 L min�1 falls among the values reported for 
passive samplers with small thicknesses [19-22].  The 
average field blank value for the glass fiber membranes 
was found to be 0.60 �g m�3.  Reproducibility of the 
method was tested by performing triplicate analyses for 
collected samples; the error (2�) on several replicate 
measurements was determined as 1.50 �g m�3.   
The samplers were positioned in three different 
locations: the living room, kitchen and balcony and 
collection duration extended for 24 h.  Samples were 
collected between the months of February and July 
2003.  The sampling sets in the living room and the 
kitchen were placed approximately 1.5 m above the 
ground surface and at least 1 m away from the closest 
window.  The set for outdoor measurements was placed 
under a fixed table to avoid exposure to very high 
winds or contamination by rain droplets. 
 

RESULTS AND DISCUSSION 
 
Figure 1 shows the distribution of NO2 levels in the 
living room, kitchen and outdoors as well as the 
variation of these levels with respect to different 
seasons.  The overall average indoor NO2 
concentrations were 15.6 and 22.3 �g m�3 for the living 
room and kitchen, respectively, while that for outdoors 
was 17.9 �g m�3.  Indoor reported levels compared well 
with countries like Germany [8, 11], Netherlands [10] 
and Canada [8].  In wintertime, indoor NO2 levels were 
twice as much as those found outdoors with 
concentrations reaching 27.6 and 31.1 in the living 
room and kitchen, respectively, while the outdoor 
concentration was 14.5 �g m�3.  The highest level of 
NO2 measured (53.1 �g m�3) was recorded in the living 
room, during wintertime due to a butane gas heater 
burning continuously for over 8 h.  In the kitchen, even 
though two combustible sources; a butane gas stove and 
heater, were burning, the duration of operation was 
around half that of the single heater in the living room.  
In other seasons, indoor NO2 concentrations (9.6 and 
17.9 �g m�3 for the living room and kitchen, 
respectively)   were   lower   than   values   outside 
(19.7 �g m�3),   due   to  a high air exchange rate 
through open doors and windows.  Ventilation has been     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Plot of Indoor and Outdoor NO2 Concentrations for a Residential Home in Broumana, Lebenon, Over the 

Winter, Spring and Summer Seasons Extending From February till July of 2003 
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shown to play a major role in the reduction of indoor 
levels of pollutants [3, 9, 11, 14-16, 18, 23-26]. 
Outdoors, the samples measured a rural background 
where no industrial emission and a light traffic pattern 
explained the low reported NO2 concentrations. In view 
of the fact that smoking activity was absent, gas stoves 
and heaters were the only obvious sources of indoor 
NO2.  Butane gas heaters seem to be a major source of 
indoor NO2, since a level four times higher than 
outdoors was still reached during the winter in the 
living room despite the fact that dilution of NO2 may 
have occurred due to the large size of the house and the 
air exchange via infiltration. In order to assess the 
contribution of gas heaters to infiltrated outdoor levels 
of NO2, the living room and kitchen NO2 values were 
divided by their corresponding outdoor NO2 
concentrations (I/O ratios).  The I/O ratios were higher 
in winter than in spring and summer.  In winter, an I/O 
ratio of 2.1 was determined for both the living room 
and the kitchen whereas in spring and summer, I/O 
ratios of 0.53 and 1.0 were obtained for the living room 
and kitchen, respectively.  The I/O ratio of 2.1 detected 
in the winter is attributed to the excess use of butane 
gas heaters in both the kitchen and the living room and 
to the slow air exchange rate with outdoors.  This high 
I/O ratio compares well with Asian countries as 
suggested by Levy et al. [8] in addition to some sites in 
the Unites States, but diverge with respect to European 
and North American countries where different 
meteorological conditions, housing characteristics 
and/or higher outdoors pollution are expected [2, 8-13, 
15-18, 27, 28].  In spring and summer, a decrease in the 
I/O ratio to 1.0 in the kitchen reflects both the decrease 
in NO2 emission due to the absence of the gas heater 
while cooking activities remained unchanged and the 
higher air exchange rate via open doors and windows, 
as shown clearly in Fig. 1.  Although the same 
ventilation rate is anticipated in the living room due to 
similarities in the number and dimensions of the doors 
and windows as well as that the two room occupy the 
same facade, an even lower I/O ratio of 0.53 was 
determined.  This is attributed to the absence of any 
combustible source and possibly to a reactive NO2 via 
homogeneous and heterogeneous reactions due to the 
presence of furniture.   
Evaluating the concentration of NO2 indoors has 
several atmospheric and health implications.  The 
knowledge in Lebanon and the Middle East is limited 
with regard to pollutant levels in indoor air.  More 
alarming levels of NO2 are expected in Lebanese homes 
where smoking activity and combustibles such as 
diesel, kerosene, liquid gas and wood burning are 
prevalent. 
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