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Conclusions

� Most of the particles collected from the indoor environment (bedroom, kitchen and lounge) were within 
the range of 1.1 to 2.1µm. As for the outdoor environment, approximately 29% of the particles collected 
had the particle size of zero to 0.4µm.

� The morphology of the particles collected from indoor environment (bedroom, kitchen and lounge) mainly 
comprised of salt crystals, mineral fibre, skin flake, dust fragment, biofilm (form of microorganism), 
bacterium and mould fungus spore. As for the outdoor environment, the particles mainly were dust 
fragments, cenosphere, pollen, salt crystals, mineral fibre and carboneous material.

� The chemical compositions of the particles collected from indoor environment (bedroom, kitchen and 
lounge) were mainly Fe, Na, Zn, S, B, Ca and Si. Majority of the particles collected from the outdoor 
environment contained S, Na and K.

� The indoor and outdoor NO2 concentrations were very low and similar to each other. PM2.5 emission 
rates ranged from 5 to 22 mg/hr.

Main Objective

• The main objective of this research study is to investigate the 

environmental effects related to the generation, conservation 

and use of energy in building in order to achieve a better 

indoor air quality environment. The project is particularly 

focused on the emission of particulate matters (especially 

PM2.5) in residential buildings.

• Indoor Air Pollutants: Health Effects, Sources and Releases
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� PM sampling and analysis in the bedroom, kitchen, lounge and outdoors.

� NO2, VOC, CO, PM2.5 Measurements

Furnace

� NO2, VOC, CO, PM2.5 Measurements

Case Study 1:

Case Study 2:
� Cooking activities (gas cooker) directly contributed to PM2.5 emissions in the indoor environment.  PM2.5 

emission rates were about 7–54 mg/hr.
� CO emissions in the kitchen with the gas cooker (Sheffield City Centre) were much higher than in the 

kitchen with the electric cooker (Hathersage).  CO emission rates from the gas cooker were 0.3–2g/hr.
� The gas cooker was acting as a significant source of NO2 emissions.  The NO2 emission rate was as high 

as 65mg/hr. 
� Due to possible differences in cooking styles, the TVOC emission rates in the kitchen of the residential flat 

were higher than in the house.
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Results: Particle Size Distribution
Particle Size Distribution for Bedroom Sampling

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0-0.4 0.4-0.7 0.7-1.1 1.1-2.1 2.1-3.3 3.3-4.7 4.7-5.8 5.8-9.0 9.0-10

Aerodynamic Diameter (micrometer)

C
o
n
ce

n
tra

tio
n 

(µ
g
/m

3
)

Particle Size Distribution for Kitchen Sampling
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Particle Size Distribution for Outdoor Sampling
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Results: Full Elemental Analysis

Element Contents for Outdoor Sampling
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Results: Morphology Analysis
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Results: NO 2, VOC, CO, PM2.5 Concentrations & Air Exchange Rate in Hathersage

NO2 TVOC

Indoor Outdoor Indoor Outdoor

Residential house in Hathersage, µg/m3 10.2 10.8 221.5 42.6
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NO2 TVOC
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Residential flat near Sheffield Centre, µg/m3 47.1 14.7 430.7 65.4
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� No significant CO emission source in the kitchen of the residential house in Hathersage.
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Element Contents for Kitchen Sampling
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Element Contents for Bedroom Sampling
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� The CO concentration is considered low as it fluctuated from 0.9 to 1.3ppm.

Results: Emission Rates of NO 2, VOC, CO, & PM2.5
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Results: NO 2, VOC, CO, PM2.5 Concentrations & Air Exchange Rate in Sheffield

Results: Emission Rates of NO 2, VOC, CO, & PM2.5
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Sheffield: Gas fired cooker

PM2.5 = 7-54 mg/hr
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CO = 0.3-2.2 g/hr (28 – 180µg/MJ)

Case Study 1: Experiments in a Stone-built Detached  House in Hathersage

Case Study 2: Experiments in a Residential Flat nea r Sheffield City Centre


