
SaiSai C Chan, MD, PhDC Chan, MD, PhD

EnvironmentalCareEnvironmentalCare Limited, Hong Kong SAR, ChinaLimited, Hong Kong SAR, China

Indoor Environmental Health Indoor Environmental Health 
Risk Management:Risk Management:

A A TitaniaTitania NanotechnologyNanotechnology--based based PhotocatalyticPhotocatalytic Oxidation Oxidation 
Pollutant Pollutant --remediation Approachremediation Approach



Parameters determining Parameters determining 

Indoor Environmental Quality Indoor Environmental Quality 
(IEQ)(IEQ)

Physical ParametersPhysical Parameters

a.a. SoundSound

b.b. LightLight

c.c. TemperatureTemperature

d. Moistured. Moisture

e. Particulate mattere. Particulate matter

f. Radiation f. Radiation 

g. Interior Designg. Interior Design

Chemical ParametersChemical Parameters

a.a. airair--borne inorganic and borne inorganic and 
organic chemicalsorganic chemicals

b.b. Food, garbage and Food, garbage and 
wastewaste--water derived water derived 

chemicalschemicals

c.c. Household items VOC Household items VOC 

Biological ParametersBiological Parameters

a.a. Infectious agentsInfectious agents

b.b. HumanHuman--human transmitted human transmitted 
disease pathogensdisease pathogens

c.c. Fungi/Molds, PestsFungi/Molds, Pests



WWe spend over 70% of our time indoor. e spend over 70% of our time indoor. 
Reducing it to 25% can significantly decrease Reducing it to 25% can significantly decrease 

the Indoor environmental health risk.the Indoor environmental health risk.



Gain in Productivity in dollars Gain in Productivity in dollars 

bby improving IEQy improving IEQ



Hong Kong Hong Kong 
Lung DiseasesLung Diseases

Risk FactorRisk Factor
Depends onDepends on

““Where you liveWhere you live””
-- the indoor the indoor 
environment environment 

qualityquality
(IEQ)(IEQ)



606055443355131311117744332233Paratyphoid FeverParatyphoid Fever
12112111111010151515156611117711118812126699MumpsMumps

332211Meningococcal InfectionsMeningococcal Infections
33333355115511221122228833MeaslesMeasles
28281122444411223344332222MalariaMalaria
7711113322LeprosyLeprosy
33111111Legionnaires' DiseaseLegionnaires' Disease

2193219320920917417430030043243224024016516511411470703737116116205205131131Persons affectedPersons affected

4234235555313141414949575743433434191988101037373939OutbreaksOutbreaksFoodFood
PoisoningPoisoning

00DiphtheriaDiphtheria
4949441133661212444444115555Dengue FeverDengue Fever

678067801069106986486449549524224214514514914994942142142652657837831084108413761376ChickenpoxChickenpox
1161161111161688881717101055995588111188Bacillary DysenteryBacillary Dysentery
16169922111133Amoebic DysenteryAmoebic Dysentery
00Acute PoliomyelitisAcute Poliomyelitis
00Yellow FeverYellow Fever
00PlaguePlague
771111222211CholeraCholera

TotalTotalDecDecNovNovOctOctSepSepAugAugJulJulJunJunMayMayAprAprMarMarFebFebJanJanDiseaseDisease

Hong Kong SAR 2003  Infectious Disease Statistics

Transmission  Air ,  Water



158691586917301730147314731178117881381379779777477476376390290217671767209120911647164719341934Total*Total*
551144Whooping CoughWhooping Cough

1414225544111111Typhus FeverTyphus Fever

49493355333344554466661010Typhoid FeverTyphoid Fever

60836083533533512512565565456456514514518518556 556 466466468468608608450450437437TuberculosisTuberculosis

33111111TetanusTetanus

175517551616150150979979610610NANANANA

6363661133332211221155121212121515Scarlet FeverScarlet Fever

1919332222112211332233RubellaRubella

00Relapsing FeverRelapsing Fever

00Rabies(HumanRabies(Human))

--UnclassifiedUnclassified

--EE

--CC

--BB

--AA

Viral HepatitisViral Hepatitis
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Severe Acute Respiratory
Syndrome (SARS)

About 1/3 of infectious diseases can be linked to environmental About 1/3 of infectious diseases can be linked to environmental pollutants,pollutants,

transmitted through air and water,  transmitted through air and water,  mostly indoormostly indoor..



The Next Flu PandemicThe Next Flu Pandemic

H5N1 transmitted thruH5N1 transmitted thru’’ human ?human ?

An example of environmental health costAn example of environmental health cost



Avian BioSecurity



H                       N

Avian Genomics

HHuman to human transmissionuman to human transmission

By new mutations By new mutations ––

No immunity No immunity 



American Lung Association. Fact Sheet – Influenza. 
Available at http://www.lungusa.org/diseases/influenza_factsheet.html. 

Economic Costs of Influenza Economic Costs of Influenza 
OutbreakOutbreak

�� Total annual costs of influenza are estimated Total annual costs of influenza are estimated 
at $14.6 billion in the USat $14.6 billion in the US

�� 10%: Direct costs of increased medical care10%: Direct costs of increased medical care

�� 90%: Indirect costs (lost productivity, 90%: Indirect costs (lost productivity, 
employee absenteeism)employee absenteeism)



PRD pollutants

Uniquely  Uniquely  
Hong Kong  Hong Kong  
Air PollutionAir Pollution





空氣 污染

室外

室內

Hong Kong pollutant-based 

health cost:

1999,    46 Billion USD



Comparing Outdoor Air / Cabin Air Pollutants

Staying indoor safer ?Staying indoor safer ?



IAQ Pollutant Class Potential Indoor Sources 

Environmental Tobacco Smoke Lighted cigarettes, cigars, pipes

Combustion Contaminants- the oxides  of 
carbon, nitrogen and sulfur

Furnaces, generators, gas or kerosene space heaters, tobacco products, 
outdoor air, vehicles.

Biological Contaminants

Wet or damp materials, cooling towers, humidifiers, cooling coils or 
drain pans, damp duct insulation or filters, condensation, re-
entrained sanitary exhausts, bird droppings, cockroaches or rodents, 
dustmites on upholstered furniture or carpeting, body odors.

Volatile Organic Compounds (VOCs)

Paints, stains, varnishes, solvents, pesticides, adhesives, wood
preservatives, waxes, polishes, cleansers, lubricants, sealants, dyes, air 
fresheners, fuels, plastics, copy machines, printers, tobacco products, 
perfumes, dry cleaned clothing.

Formaldehyde Particle board, plywood, cabinetry, furniture, fabrics.

Soil gases (radon, sewer gas, VOCs, 
methane)

Soil and rock (radon), sewer drain leak, dry drain traps, leaking 
underground storage tanks, land fill

Pesticides Termiticides, insecticides, rodenticides, fungicides, disinfectants, 
herbicides.

Particulate Matter (PM10, PM2.5 etc)
Printing, paper handling, smoking and other combustion, outdoor 
sources, deterioration of materials, construction/renovation, 
vacuuming, insulation.



1. Micrococcus (10a) luteus (10) ~20%b 8. Kocuria (5) rosea (2)
lylae (10) >95% kristinae (2) ~50%

2. Bacillus (10) pumilus (8) ~60% 9. Stenotrophomonas (4) maltophilia (4) ~95%
cereus (4) 10. Arthrobacter (4) spp. (4) ~30%
megaterium (2) 11. Microbacterium (4) imperiale (1) ~85%

licheniformis (1) 12. Chryseobacterium (3) spp. (3)
circulans (1) 13. Sphingomonas (2) capsulata (1) ~70%
thuringiensis (1) 14. Chryseomonas (2) luteola (2)

3. Staphylococcus (9) saprophyticus (4) ~70% 15. Brevibacterium (2) casei (1) ~20%
hominis (3) 16. Paenibacillus (2) spp. (2) ~15%
haemolyticus (2) 17. Curtobacterium (2) sp. (1)
arlettae (1) 18. Deinococcus (2) spp. (2) ~10%
cohnii (1) 19. Enterobacter (1) cloacae (1)
epidermidis (1) agglomerans (1)
warneri (1) 20. Kytococcus (1) sedentarius (1)

4. Pseudomonas (9) stutzeri (6) >95% 21. Aerococcus (1) virdians (1)

5. Moraxella (7) osloensis (6) ~60% 22. Marcrococcus (1) caseolyticus (1) ~80%
catarrhalis (1) 23. Rhodobacter (1) sp. (1)

6. Acinetobacter (6) lwoffii (5) ~65% 24. Paracoccus (1) sp. (1)

7. Brevundimonas (6) diminuta (6) ~20% 25. Enterococcus (1) faecalis (1)
vesicularis (3) 26. Rhodococcus (1) sp. (1)

Common Indoor Airborne Bacteria in Hong Kong (air samplings at CUHK)

(N) = number of samples ; a+ N= 10;  b= UVA sensitivie



Signs and Symptoms Environmental 
Tobacco Smoke

Combustion 
Products

Biological 
Pollutants

Volatile 
Organics

Heavy 
Metals

Sick Building 
Syndrome

RESPIRATORY

Rhinitis, nasal congestion YES YES YES YES NO YES

Epistaxis NO NO NO YES1 NO NO

Pharyngitis, cough YES YES YES YES NO YES

Wheezing, worsening asthma YES YES NO YES NO YES

Dyspnea YES2 NO YES NO NO YES

Severe lung disease NO NO NO NO NO YES3

OTHER

Conjunctival irritation YES YES YES YES NO YES

Headache or dizziness YES YES YES YES YES YES

Lethargy, fatigue, malaise NO YES4 YES5 YES YES YES

Nausea, vomiting, anorexia NO YES4 YES YES YES NO

Cognitive impairment, 
personality change NO YES4 NO YES YES YES

Rashes NO NO YES YES YES NO

Fever, chills NO NO YES6 NO YES NO

Tachycardia NO YES4 NO NO YES NO

Retinal hemorrhage NO YES4 NO NO NO NO

Myalgia NO NO NO YES5 NO YES

Hearing loss NO NO NO YES NO NO



Physical Separation: HEPA ; 

Processing by charge: Activated Carbon, electrostatic, 
ion-clusters, plasma-clusters;

Processing by radiation energy : UV, Laser, Sound, 
radiation (gamma);

Processing by chemicals : Ozone, chlorine (halogens), 
peroxides;

PhotoCatalytic Oxidation: Suspension-based, solid-
composites and immobilized            
Nano-coating surfaces.

Basic Methods for Technology-based
Remediation

Environmental lifeEnvironmental life--cycle analysis ranking:cycle analysis ranking:



Reactions take place under ambient temperature and Reactions take place under ambient temperature and 
pressurepressure

Oxygen and water are used to generate the main oxidant, Oxygen and water are used to generate the main oxidant, 
hydroxyl radicalshydroxyl radicals

The final oxidation products are environmentally The final oxidation products are environmentally 
acceptableacceptable

Can treat a wide range of pollutantsCan treat a wide range of pollutants

The Technology The Technology –– the TiOthe TiO22––based based 

PhotocatalyticPhotocatalytic OxidationOxidation

( developed at CUHK) ( developed at CUHK) 



AnataseAnatase TiOTiO22 –– an ideal an ideal photocatalystphotocatalyst

�� Chemically stable and nonChemically stable and non--toxictoxic

�� Relatively inexpensiveRelatively inexpensive

�� Generates highly reactive Generates highly reactive ••OHOH

Anatase Rutile Brookite



Mesoporous TiO2
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The Nano-coating

NanoNano--moleculemolecule



EnvironmentalCareEnvironmentalCare BrandingBranding

Commercialization of a Commercialization of a NanoNano--coating technology coating technology 

developed at the developed at the 

Chinese University Hong KongChinese University Hong Kong



Total IAQ compliance by installation of Total IAQ compliance by installation of NanoNano--FotocideFotocide
chemical and biological controls at the:chemical and biological controls at the:

1.1. FreshFresh--air inlets/outletsair inlets/outlets

2.2. Ventilation ductingVentilation ducting

3.3. EnergyEnergy--exchange Unitsexchange Units

4.4. Air ReAir Re--circulator inlet/outlet (diffusers)circulator inlet/outlet (diffusers)

5.5. Toilets and bathroomsToilets and bathrooms

6.6. WasteWaste--water drainagewater drainage

7.7. Kitchens (foodKitchens (food-- and garbageand garbage--derived pollutants)derived pollutants)

8.8. Bedrooms (extended stay)Bedrooms (extended stay)

9.9. Offices (extended stay)Offices (extended stay)

10.10. AirAir--conditioning unitsconditioning units



Indoor Air Quality (IAQ) Systems



Integrated Integrated total compliancetotal compliance Indoor Air Quality Control SystemIndoor Air Quality Control System



Zero VOC Zero VOC ““Truly EnvironmentalTruly Environmental””
paints and cleanerspaints and cleaners

For best IAQ, target Zero VOC products.For best IAQ, target Zero VOC products.



The next generation of PCOThe next generation of PCO--applications : coupling with other applications : coupling with other 
environmental technologiesenvironmental technologies
1. Bio1. Bio--filters and PCOfilters and PCO--reactor for odorsreactor for odors
BioBio--filters can introduce odorfilters can introduce odor--specificity in the removal mechanism for the specificity in the removal mechanism for the 

PCO reactors, and the PCO units can reciprocate the bioPCO reactors, and the PCO units can reciprocate the bio--safety control for safety control for 
biobio--filter applications;filter applications;
2. Electrostatic precipitator and PCO2. Electrostatic precipitator and PCO--reactor for airreactor for air
Some airSome air--borne chemicals are associated with particulate and the borne chemicals are associated with particulate and the 

ventilated at very high flowventilated at very high flow--rate with high concentrations. A pretreatment rate with high concentrations. A pretreatment 
with electrostatic precipitator, prior to PCOwith electrostatic precipitator, prior to PCO--reactor processing would reactor processing would 
enhance the capacity of the PCO units to efficiently process theenhance the capacity of the PCO units to efficiently process these specific se specific 
restaurant pollutants; and restaurant pollutants; and 
3. Ion3. Ion--exchange based systems and fluidized bed PCOexchange based systems and fluidized bed PCO--reactor reactor 

for the effluent wastesfor the effluent wastes
At high effluent flowAt high effluent flow--rate and high concentration, the effluence can be rate and high concentration, the effluence can be 

pretreated by concentrating the pollutants at the coupled ionpretreated by concentrating the pollutants at the coupled ion--exchange exchange 
based based electrophoreticelectrophoretic systems prior to the processing at the fluidized bed systems prior to the processing at the fluidized bed 
PCOPCO--reactors. These systems target COD and BOD compliance for the reactors. These systems target COD and BOD compliance for the 
local wastelocal waste--water discharge ordinance standards.water discharge ordinance standards.



Thank YouThank You


