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■■ IntroductionIntroduction
■■ Building material emissions and IAQ Building material emissions and IAQ 
■■ Visible Visible photocatalyticphotocatalytic oxidation (visibleoxidation (visible--PCO)PCO)

Indoor Air Pollution (Source: TIME, Sept., 
1998)

Indoor Air Pollution (Source: TIME, Sept., 
1998)

Indoor Air PollutionIndoor Air Pollution

WHO, U.S. EPA: One of the top environmental risks to public WHO, U.S. EPA: One of the top environmental risks to public 
healthhealth

SBSSBS，，asthma or other diseasesasthma or other diseases，，lower productivitylower productivity，，shorter lifeshorter life

Economic lossEconomic loss
-U.S. $40$40--120120 billion/yearbillion/year
--China >$13 billion/yearChina >$13 billion/year

More severe problem in ChinaMore severe problem in China
New construction >1 billion mNew construction >1 billion m22/year/year
Outdoor air pollutionOutdoor air pollution
High emission materials usedHigh emission materials used

Typical Indoor Air PollutantsTypical Indoor Air Pollutants

PhysicalPhysical

FiberFiber

ParticleParticle

RadioRadio--activeactive

ChemicalChemical

Comb. productsComb. products

VOCsVOCs

OtherOther

BiologicalBiological

VirusVirus

BacteriaBacteria

FungiFungi

Indoor Air Quality (IAQ) ControlIndoor Air Quality (IAQ) Control

Source 
Control
Source 
Control

VentilationVentilation Air 
Purification

Air 
Purification

Health Effect Health Effect Goal：Ci<Ci,criteria



2

Building Material EmissionsBuilding Material Emissions Material Emissions (off-gassing)Material Emissions (off-gassing)

■■ More than 300 volatile organic compounds More than 300 volatile organic compounds 
((VOCsVOCs) identified in indoor air) identified in indoor air

■■ Many Many VOCsVOCs are irritants and some are are irritants and some are 
carcinogenscarcinogens

■■ Indoor VOC concentrations are usually much Indoor VOC concentrations are usually much 
higher than outdoorshigher than outdoors

■■ VOC emissions can be controlled through proper VOC emissions can be controlled through proper 
selection of materialsselection of materials

Source Emission Study: “Wet” Source 
(Wood Stain)

Emission Study: Small Chamber 
System

Test specimen
Test Chamber

Clean Air 

Sorbent Tube

Exhaust
Thermal 
Desorber

GC FID
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Wet Source: Small Chamber Study
(NRC Canada)

Electronic Electronic 
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Wood stain + Wood stain + 

oak substrateoak substrate

Wet Source: Small Chamber Study
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Wood Stain: Emission Mechanisms

Evaporation
Diffusion

Diffusion

PorePore

Evaporation
Diffusion

Diffusion

NonNon--homogeneoushomogeneous HomogeneousHomogeneous

Wood Stain: A Four-layer Mass Transfer 
Model
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Yang 1999; Yang et al. 2001 Int. J. Heat Mass Transfer

Comparison Between Modeled and Measured Emission 
Rates

(TVOC from wood stain applied on oak substrate)

Comparison Between Modeled and Measured Emission 
Rates

(TVOC from wood stain applied on oak substrate)
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Dry Source (SBR Carpet): Modeled
vs. Data
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data (23 C)
data (30 C)
data (40 C)
predicted (23 C, D=1.1e-14, Co=1.92e8)
predicted (30 C, D=4.2e-14, Co=1.60e8)
predicted (40 C, D=7e-14, Co=2.62e8)

Yang et al. 1998 ASHRAE Trans.

General Risk Analysis Approach (U.S. EPA)
Risk analysis process

Source
Testing

Source &
Size

Emissions

Source 
Modeling

Ventilation .........................
Building factors (e.g., sinks) ..
Source usage ....................

IAQ
Modeling
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Occupancy .................................................................

Exposure Risk

Occupant sensitivity ......................................................................
Dose-response ...........................................................

Exposure
Modeling
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ACCESS-IAQ: A Code for Characterizing 
Emission Sources, Sinks, and Indoor Air Quality

Airflow Model

Friction 
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Thermal
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ACCESS-IAQ Airflow data
Velocity 
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VOC Conc.  

Exposure

Sink ModelSource Model

Exposure Model Risk Model

Yang 1999; Yang and Chen 2001
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Simulation of Indoor Pollutant Exposure 
Under Different Ventilation
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UVUV（（OFFOFF））

microbemicrobe

VOCsVOCs

Photocatalytic Oxidation

Photocatalyst Photocatalyst

UVUV（（OFFOFF））

microbemicrobe

VOCsVOCs

UVUV（（ONON））

REPLAYREPLAY

Photocatalytic Oxidation

Development of Nano PhotocatalystDevelopment of Nano Photocatalyst

Developing a hybrid Developing a hybrid photocatalystphotocatalyst ((nanonano--cell) cell) 
that can decompose air pollutants under that can decompose air pollutants under 
VISIBLE LIGHT VISIBLE LIGHT 

* US patent pending* US patent pending

Nano-cell Effectiveness Test: Set-upNano-cell Effectiveness Test: Set-up

GC-ATD

Compressed
Air

VOC Source

Flow meter

UV/fluorescent 
Lamp

Quartz
Window

Catalyst-coated
Glass-plate

Stainless steelInlet
Sample
port

Outlet
Sample
port

Preliminary Result I 
Destruction of toluene under visible (8W fluorescent) 

light: 2.5 cm x 14 cm flat plate reactor

Preliminary Result I 
Destruction of toluene under visible (8W fluorescent) 

light: 2.5 cm x 14 cm flat plate reactor

P25TiO2-Visible light
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Preliminary Result II (Tested at Syracuse Univ.)
Destruction of formaldehyde under visible (15W 

fluorescent) light: 2.8 cm I.D. x 26 cm  tubular reactor

Preliminary Result II (Tested at Syracuse Univ.)
Destruction of formaldehyde under visible (15W 

fluorescent) light: 2.8 cm I.D. x 26 cm  tubular reactor

Formaldehyde - Formaldehyde injection only
(Time 0  = Time point of turning on the light)
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ElectrophoresisElectrophoresis

DNA Damage and Bactericidal Effect by PCODNA Damage and Bactericidal Effect by PCO

Schematic of theSchematic of the
electrophoresis processelectrophoresis process

Preliminary Results
UV illumination

Preliminary Results
UV illumination

Control                                                     Control                                                     ControlControl
1        2         3        4          5         6     1        2         3        4          5         6     7        8         9        10       11        127        8         9        10       11        12

Figure 2. Agarose gel electrophotogram of plasmid DNA treated 
with increasing illumination time: The photocatalyst of lane 1 to 
lane 6 is hybrid nano-cell;  Lanes 7 to 12 is P25.  The 
illumination time of lanes 1 to 6 and lanes 7 to 12 is 0, 5, 10,
20,40, 60 minutes respectively.

Linear

Supercoiled

2O

Preliminary Results
Visible light illumination(2hrs)

Preliminary Results
Visible light illumination(2hrs)

Figure 1. Agarose gel electrophotogram of plasmid DNA treated with 
increasing concentration of hybrid nano-cell: 0, 0.111, 0.148, 
0.222ug/ul for lanes 1-4 respectively.
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1 2 3 4

Control

Bactericidal Test-ApproachBactericidal Test-Approach

E.coli Suspension
TiO2 -Coated 
Glass Plate

Quartz Glass Window

UVA Light

Experimental Set-up

Experimental materials and Conditions

NO. Photocatalyst Microorganism 
Light intensity

(mW/m2) 
Initial concentration

(CFU/ml) 

1 P-25 E.coli 1.43 105 

2 P-25 E.coli 1.43 108 

3 Sol-gel E.coli 1.43 108 

4 Sol-gel E.coli 1.43 107 

5 Sol-gel E.coli 1.43 106 

6 Sol-gel E.coli 1.43 105 

7 Sol-gel E.coli 1.26 105 

8 Sol-gel E.coli 0.97 105 

9 Sol-gel staphylococcus  1.43 108 

10 Sol-gel 
Candida 
albicans 

1.43 108 

11 Sol-gel bacteriophage  1.43 108 

Bactericidal Test-Results Bactericidal Test-Results 

The bactericidal effect of PCO is The bactericidal effect of PCO is 
higher than the control tests of only higher than the control tests of only 
UVA, only TiOUVA, only TiO22 and dark; and dark; 

A shoulder is presented during the A shoulder is presented during the 
whole photokilling process ;whole photokilling process ;

The higher killing phase can be fitted The higher killing phase can be fitted 
using the Chick Model using the Chick Model ln(Nln(Ntt/N/N00)=)=--
kt+b;kt+b; ( N( Ntt,N,N00 is the is the E. coliE. coli colony colony 
numbers at time t and 0,CFU/ml; K numbers at time t and 0,CFU/ml; K 
is the photokilling constant,Minis the photokilling constant,Min--11))
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Sol-gel material; Light Intensity=1.43mW/m2; Test 
microbe :E.coli; Initial cell concentration=108CFU/ml ;
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